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Abstract

As digitalisation progresses, the demands placed on companies are increasing at all stages of the
product generation process. In order to address these requirements and maintain economic
strength, companies must implement innovative and intelligent technologies. Small and medium-
sized enterprises in particular are confronted with various obstacles, the overcoming of which is
addressed by the “Potential Model” presented in this publication.
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1. Introduction

Since its first appearance, the term “Industry 4.0” has been part of global discussions. (Wichmann et
al., 2019) Keeping pace in the fourth industrial revolution ever since is highly important for nations
with a high proportion of production in added value, such as e.g. Germany, Japan or Italy.
(Kagermann et al., 2016) Thereby the understanding of the term “production” goes beyond the pure
manufacturing and assembly of products and covers the entire product generation. (Abele and
Reinhart, 2011) Industry 4.0 (14.0) technologies offer a variety of improvement potentials in the areas
of productivity, resource conservation or product design and “Industry 4.0” is therefore still a hot
discussed and important topic from an entrepreneurial point of view. (Kagermann et al., 2016) In the
course of digitalization, the industry inter alia is confronted with an increasing product complexity as
well as an increasing demand for customer-specific products. Due to networking and global
competition, product lifecycles are also becoming shorter and new products and technologies have to
be developed and produced in ever shorter time frames. (Rudtsch, 2016; Rauch et al., 2016; Abele
and Reinhart, 2011) From an entrepreneurial point of view, 14.0 technologies must therefore promote
the dynamics of product creation, as well as its connectivity, autonomy and adaptability. (Wichmann
et al., 2019; Reik et al., 2006) Despite the importance and potentials of the implementation of 14.0
technologies, a hesitating behaviour of SMEs in particular can be identified. (Wichmann et al., 2019)

1.1. Obstacles to the implementation of 14.0

The implementation of 14.0 technologies requires the willingness of companies for changes in product
generation processes. Especially SMEs are confronted with a big challenge compared to large
corporations. (Kagermann et al., 2016) Requirements for 14.0 and deficits of SMEs usually interact
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with each other at this point. For example, the 14.0-implementation is usually associated with high
initial investments, which poses an even greater risk for SMEs due to their lower liquidity. (Faller and
Feldmiller, 2015; Koch et al., 2014) Another prerequisite is the ability to look ahead and beyond
one’s own product and production structures to new technologies and approaches. According to this
requirement SMEs in particular are at a disadvantage compared with large corporations due to their
lower manpower and, as a result, less possibilities for action. (Faller and Feldmuller, 2015) The fact
that companies need to invest early in innovative technologies to gain a strong economic foothold
interacts with the risk of focusing on the wrong technology. This risk is particularly high for SMEs
due to the reduced resources available to assess the impacts of a technology. Compared to large
corporations, there is a lack of both manpower and experience. (Koch et al., 2014) From the extensive
literature research according to Wichmann et al. (2019), further challenges emerge, such as the
fundamental question “How?” the introduction of 14.0 can look like in detail, as well as the initially
increasing system and process complexity, which requires a high planning and resource expenditure.

1.2. Current research efforts and results

In order to address the obstacles described in the previous section, a great research effort is being made
under the topic “Industry 4.0”. (Pereira and Romero, 2017; Wichmann et al., 2019) Therefore, a large
number of approaches, procedures and methods exists for the implementation of 14.0. A major part of
these research efforts and results focuses on the production phase of the product generation process.
(Terstegen et al., 2019) Due to the multitude of solution approaches, only a selection of these will be
referred to below in order to illustrate the major research priorities. During the research project “Intro
4.0”, enabling and implementation strategies for 14.0 were developed. In addition to the development of
methods to increase employee productivity, this included a procedure for risk and potential assessment
of 14.0 technologies. Focus of the research work was the production, whereby cross-production effects
of 14.0 technologies, for example regarding to product development, were not recorded. (Lanza et al.,
2016) The study “Gemini 4.0” addresses the methodical support of the development of new business
concepts based on 14.0 technologies. The fourth industrial revolution is considered and evaluated as a
whole, which is why the effects of individual 14.0 technologies and their advantages and disadvantages
are not the focus of the research work. (Gausemeier et al., 2017) The “Guideline 14.0” focuses on
supporting SMEs and provides guidance regarding to the implementation of 14.0 technologies through a
five-stage process. The 14.0 toolbox used during this process refers not only to production but also to
the product. With the help of the guideline, potentials for the use of 14.0 technologies can be identified.
However, no specific technology is recommended for implementation, let alone predicting its effects.
(VDMA - Forum Industrie 4.0, 2019) Support for SMEs in developing a roadmap for the
implementation of 14.0 is offered by the Acatech study “Industry 4.0 Maturity Index”. In addition to
production, functional areas such as product development, logistics, service, marketing and sales are
also considered. By classifying individual aspects using a questionnaire, entrepreneurs can determine
the maturity level of their company and are enabled to identify hotspots that offer potential for the use
of 14.0 technologies. However, similar to the “Guideline Industry 4.0”, also no reference is made to
specific technologies, but optimization proposals are conveyed at a process level. (Schuh et al., 2017)

1.3. Objective and focus of research

“Industry 4.0” is still up to date and in progress. As described in Section 1.2, there exists a number of
obstacles to the fourth industrial revolution and their overcoming poses a major challenge for SMEs in
particular. There is a variety of methods and tools available to help overcome these obstacles, but most
of them are characterised by a production-heavy perspective, or lead to general roadmaps that do not
relate to specific technologies neither their evaluation. For this reason the “Potential Model” is presented
in this publication. Its application is intended to support SMEs in selecting and forecasting the impact of
14.0 technologies. The following questions and obstacles should be addressed by the Potential Model:

What does the current state of the SME looks like?

Where is potential for 14.0 to be used and to improve the SME’s current situation?

Which specific 14.0 technology addresses the hotspots of the SME?

At a rough qualitative level: What can the impact of the 14.0 technology on the SME look like?
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The Potential Model is not to support the technical implementation of a 14.0 technology, neither to
generate a quantitative or specific process based forecast of the effects of a potential 14.0 implementation.
Its main objective is to give SMEs an initial orientation which 14.0 technologies exists and are
potentially fitting to their current state, measured on their individual assessment. To introduce the
Potential Model its basics components and their relations among each other will be explained in Section
2, followed by a description regarding to the development and design of the PM. In Section 3 an
exemplary application of the PM will be executed to illustrate its basic functionality and benefit. As
usual, the publication concludes with a short summary and an outlook on further research.

2. Basic components and design of the potential model

The Potential Model (PM) can be subdivided into several components, which were developed on the
basis of different theories and which interact with each other in different ways. Before presenting the
PM as a whole, this section first describes the basic components and their interrelationships.

2.1. Evaluation criteria and the motivation to implement 14.0

From the comparative study from the Institute of Applied Industrial Engineering and Ergonomics
(IFAA) of process models for the introduction and implementation of digitalization measures it can be
emerged that the recording of the actual state of a company, as well as its motivation, represents a
basis for the implementation support of 14.0. (Terstegen et al., 2019) For this reason, Lembeck et al.
(2019) make use of a tool in the form of various “criteria” in the course of the development of an
evaluation methodology for the integration of 14.0 technologies into product development. The criteria
are used to describe the business objectives on which a possible 14.0 implementation is based.
(Lembeck et al., 2019; Kaplan and Norton, 1996) This approach was adopted for the PM, whereby the
criteria serve only secondarily to record the company objectives and primarily to determine the actual
state. The aim is to look at the company from different perspectives beyond production and to identify
possible deficits and options for action. In total, the PM includes 18 criteria that are based on extensive
literature research and the work in the “Synus” research association of the TU Braunschweig. Thus,
the evaluation criteria determined during the development of the evaluation methodology by Lembeck
et al. (2019) could be used as a basis. In a next step this collection of criteria was revised, filtered and
expanded within the framework of the Synus Innovation Network on the basis of the experience
values of various experts from the network. The procedure for literature research, which was
necessary to complete the catalogue of criteria, was based on the procedure of Lembeck et al. (2019),
whereby the criteria did not have to be explicitly related to product development. As the main purpose
of the PM is to support SMEs with the selection of suitable 14.0 technologies to improve their current
situation, only criteria are included that have interdependencies with technologies of the “Synus 14.0
technology catalogue” (see Section 2.4). Thus every criteria and its rating can as well be used to
display the current state of the company as to help offering suitable 14.0 technology solutions.
Moreover, every criteria is connected to a key performance indicator (KPI) so that every criteria is
objectively measureable to avoid subjectivity regarding the criteria. After the completion of the
catalogue the evaluation criteria had to be systematically categorized. Basis for the classification were
the “Balanced Score Card Perspectives”, which will be described in Section 2.3.

2.2. Criteria rating scale

The rating scale, which enables the individualized evaluation of individual criteria by various
representatives of a company, was developed on the basis of the “Likert Scale”. (Thielsch et al., 2012)
According to Thielsch’s theory, the rating scale of the PM has an optimum spectrum of 1 to 5,
whereby a rating of 1 corresponds to an insufficiently fulfilled criterion by the company and 5
corresponds to a criterion already very well fulfilled by or within the company.

2.3. Holistic company view

In the area of enterprise controlling, in which a holistic and process-oriented view of the enterprise is
fundamentally important, various methods exist for this purpose. (Lembeck et al., 2019) The “Balanced Score
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Card” (BSC) is one of these methods and is classified by Erdmann as a suitable observation and valuation
approach in a comparison of various performance measurement concepts. (Erdmann, 2013) Lu et al. (2018)
and Lee and Seo (2016) also confirm the suitability of the BSC method for a holistic view of a company. For
the systematic categorisation of the evaluation criteria in the course of the development of the PM, the
perspectives of the BSC were used as a basis. Figure 1 shows the BSC perspectives taken up in the PM.

Internal
Processes

Figure 1.  BSC-perspectives used in the PM

The use of these perspectives ensures that the PM and its evaluation criteria cover all 14.0 relevant
company aspects and phases of the product development process. Furthermore, it enables an efficient
and systematic classification of the evaluation criteria themselves.

2.4. Synus 14.0 technology catalogue

By using the evaluation criteria presented in Section 2.1 and structuring them according to the BSC
perspectives (Section 2.2), the actual state of a SME can be analysed in a wide spectrum of perspectives.
According to this state, a higher-level recommendation (rough qualitative) about which 14.0 technology is
potentially suitable for an improvement can be given (See Section 1.3). This feature addresses the 14.0
technology implementation challenge of SMEs in form of disorientation which 14.0 technology even exists
or is potentially fitting to the SMEs state and values. In order to ensure a higher-level technology
recommendation, the evaluation criteria of the PM are connected to specific 14.0 technologies, which are
listed in an 14.0 technology catalogue. Based on an extensive literature and industry research this catalogue
was developed and validated during the research efforts of the innovation network Synus. The catalogue
includes several information for each identified 14.0 technology such as a functional description,
elementary technical components, fields of action as well as initial and subsequent expenditure for the
implementation. Furthermore each evaluation criteria listed in the PM is included in the technology
catalogue and potential effects are specifically assessed for each 14.0 technology. The assessment is based
on expert knowledge and know-how of members and researchers of the innovation network Synus.

Table 1 shows exemplary and analogously a part of the structure of the 14.0 technology catalogue where
the potential effects of 14.0 on the evaluation criteria of the PM are rough qualitative established. According
to the criteria rating scale (see Section 2.2) the effects of the technologies can be positive, neutral or
negative. The long-term goal is to validate and readjust these expert knowledge based assessments over
time as well as with recurring use of the PM and feedback of the SMEs (KPI, see Section 2.1).

Table 1. Analogous substructure of the 14.0 technology catalogue

BSC-Perspective and Evaluation Criteria
14.0 Stakeholder perspective Technical perspective
technology Customer Customer Supplier | Ergnonomic | Tracability | Traceability | Cyber-
integration | statisfaction | integration | workplace | of products | of processes | Securit
design y
Virtual start- +2 +1 0 0 0 0 0
up
AR- 0 0 0 +3 +3 +2 0
supported
assembly
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2.5. Design principles

In the preceding sections, the essential components and interrelationships of the PM were described,
which enable the orientation assistance in the form of the actual state analysis and 14.0
recommendation. In a next step, the question of the design structure of the PM must be clarified. There
are many different possibilities for the visual and logical structuring of the model components. It can
be stated that the evaluation criteria as well as the BSC perspectives contain information and thus
provide knowledge at different levels. According to Nowack (1997) and De Jong (1996), this
knowledge can be classified and structured with regard to different perspectives and purposes. Table 2
lists the four types of knowledge according to Nowack (1997). Due to the scope of the publication a
reference is made to Nowack (1997), De Jong (1996) for more detailed information.

Table 2. Types of knowledge (Nowack, 1997)

Knowledge Type Use / Application / Characteristics | Example

Strategic Least domain specific Planning

Problem-situational Use to find relevant problem Recalling similar problem
interpretation

Procedural Action focused, domain specific Design Method

Declarative Needs interpretation to apply Facts, The Design

Thus, “strategic knowledge” forms the basis of modelling, which is further subdivided and detailed by
“problem-oriented knowledge”. The procedural and declarative knowledge then delivers specific hints
and marginal information in the next model level. As already mentioned, the components of the PM
can be assigned to the different types of knowledge and thus visually structured. An example for a
design approach using the knowledge types and their interactions is the “Digital Compass” by
McKinsey, which was developed to identify potential applications of 14.0 technologies.

Productivity increase
by 3 - 5%!

Routing
flexibility
Resource/

Machine
LAz flexibility

mo,f?ﬁ,’:?,?;eand 30 - 50% reduction of total

Asset control machine downtime?2

Q utilization
ﬂ Predictive
maintenance

Figure 2. Partial section of McKinseys digital compass (McKinsey, 2016)

McKinsey’s Digital Compass presents eight essential value drivers such as Resource/Process or Quality as
a basis and assigns different 4.0 technologies such as “Predictive maintenance” or “Smart energy
consumption” to them. (McKinsey, 2016) The value drivers are to be assigned to strategic knowledge,
which is not very domain-specific and thus forms a suitable basis for the assignment and classification of
14.0 technologies. The 14.0 technologies themselves can be assigned to problem-oriented knowledge
because they provide the measures for realizing the company’s potential. The design of the Digital
Compass can thus be regarded as an effective way of visualizing the relations between the strategic and
problem-oriented knowledge level. The declarative knowledge could be stored in the form of technical
marginal information on the 14.0 technologies. (Sahin et al., 2018) With regard to the PM-Design the BSC
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perspectives can be assigned to strategic knowledge and form the basic level. The following model level is
represented by the problem-oriented knowledge, to which the evaluation criteria can be assigned, since
these enable the actual state of a SME to be recorded. Further information of specific 14.0 technologies can
be assigned to the declarative and procedural knowledge and is provided to the PM by a database. The
knowledge levels of the PM and their relations are shown in Figure 3 for clarification.

Evaluation
Criterion 14.0 Technology Catalogue

Evaluation
Perspectives

Application guidelines,
A A Fields of action,
’ Prerequisites,
Adressed evaluation criterion
Impact Forecast

Strategic Problem-oriented Procedural and
Knowledge Knowledge Declarative Knowledge

Figure 3. Design elements of the PM

The assignment of the components of the PM to the knowledge types according to Nowack (1997) and
the visualization approach of these knowledge types with the help of the wheel model according to
McKinsey (2016) form the basis for the design and structure of the PM, as presented in the following.

2.6. Potential model

Based on the elements described in the previous sections, as well as their relations and design
possibilities, the PM shown in Figure 4 was developed, which addresses the research questions of 14.0
described in Section 1.

Core: Designation

... are used to structure the evaluation criteria and thus enable
the criteria to be arranged in the "wheel model".

Evaluation Scale
hotoutisl iodel ) ...on a scale from 1 to 5 the user estimates the criteria. An
for Hotspot Analysis - . . " .
and Evaluation of 0 assessmentof 1 indicates an insufficient fulfilled criterion and 5
14.0 Technologies J an already very well fulfilled one.

Evaluation Criteria

...serve to record the actual state of the company. The
evaluation criteria can be specially defined by the user as
"target criteria" in order to give them more weight. Low criteria
offer potential to raise. Criteria that have already been highly
evaluated offer potential for securing the status.

Figure 4. The potential model and its elements

The inner and fundamentally structuring circle of the PM is formed by the evaluation perspectives,
followed by an evaluation level at which the evaluation criteria are evaluated manually. The evaluation
criteria themselves form the outer ring of the PM, which is based on McKinsey’s Digital Compass in the
form of a wheel model. The evaluation criteria serve the actual recording of the actual state of the
company as well as the hotspot analysis. In the following section, the functionality of the individual
components and the PM as a whole are illustrated using an example.
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3. Application of the potential model

The PM is suitable for both workshop and digital use. In both cases, the company’s representatives
estimate the actual status of the individual evaluation criteria and enter their assessment in the
evaluation area. The fulfilment assessment of a criterion in the company at the current point in time
can vary significantly depending on the expertise of the representatives. Different representatives with
varying perspectives enable a broader view on the current situation of the company. In a next step, the
individual evaluations are averaged and interpolated. The resulting curve shows striking mountains
and valleys. The valleys of the evaluation curve reveal criteria which, in the opinion of the
representatives, are insufficiently or only insufficiently covered or fulfilled by the company. At this
point, the users of the PM can now decide whether the defective criteria should be classified as
“critical” and thus as “target criteria”. An evaluation criterion that receives the status of a target
criterion is to be improved by the introduction of 14.0 technologies and receives special attention in the
selection and recommendation of suitable technologies. Figure 5 shows the valleys of the evaluation
curve and the target criteria. Both the actual state of the company as well as its hotspots and change
targets were recorded.

; Potential Model |\
Biocuctoui for Hotspot Analysis : ‘ Storage costs

flexbiltty and Evaluation of | for raw material

14.0 Technologies

uonesbut
jo1ddnS

Figure 5. Evaluation curve and target criteria of the potential model

The next step is the recommendation of one or more 14.0 technologies with potential for improvement.
As described in Section 2.4, this is realized with the 14.0 technology catalogue where the effects of
each 14.0 technology is assessed for every criteria of the PM. In this way target criteria (PM) and
positive affected criteria (catalogue) point out 14.0 technology with the potential to improve the SMEs
current state. The expected effects or improvements of an 14.0 technology according to the experts’
assessment can then be visualized in the PM. This is shown in Figure 6.
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14.0 Technologies

Figure 6. Potential model: Impact forecast of a specific 14.0 technology

The impact prognosis of an 14.0 technology shown in Figure 6 shows that the technology has a
particularly positive effect in terms of improving the target criteria. It is also evident that the technology
cannot address all improvement potentials of the company. Some evaluation criteria as well as one target
criterion remain unaffected by the 14.0 effects according to the experts’ prognosis. In favour of the
improvement of some target criteria, it can also happen that an evaluation criterion deteriorates.

The final step in applying the PM is to use the impact forecast to decide whether new deficits in
evaluation criteria are acceptable in favour of improvements in the target criteria and which
implementation of the recommended 14.0 technologies should be further investigated and pursued. No
further support will be provided by the PM, than creating a first orientation in the confusing dimension
of 14.0 and providing a first, rough estimation of possible effects of an 14.0 technology. The PM
provides the basis for further, more expensive investigations and simulations for the introduction of
specific 14.0 technologies and reduces the risk of misplaced investigations significantly.

4. Summary and further research

“Industry 4.0” is still an important topic, which is ever since its first appearance still hot discussed.
There exists a wide-ranged understanding of “Industry 4.0” and its technologies, but in one thing there
is unity: 14.0 technologies offer a wide variety of improvement potentials in different areas such as
productivity, cross-disciplinary cooperation or e.g. product design.

Despite all these improvement potentials a restrained behaviour can be observed especially at SMEs.
As a reason for that, a variety of obstacles such as high investment efforts in conjunction with high
risks, caused by insufficient assessability of technology implementation impacts, can be identified.

In order to support the overcoming of these obstacles a huge research effort is being made and a
large number of methods and tools to implement 14.0 technologies is being developed. However
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most of these approaches focus on one specific phase of the product generation process such as
production or provide a general overview to implement 14.0 technologies without evaluating
specific technologies and their impacts. In purpose to close this research gap, a model to identify
14.0 technology implementation potentials regarding to the actual state of a company is introduced
in this publication. First the basic elements and their relations to each other are described, followed
by the explanation of the development and visualization process of the model. Ensuing the so called
“Potential Model” is introduced as a whole. Before this publication concludes with a short summary
and an outlook on further research, the functionality of the Potential Model is demonstrated by
means of an exemplary application.

With regard to further research the evaluation criteria of the Potential Model will be further validated
by workshops, surveys and applications of the Potential Model in the industry. Furthermore, the
completeness of the 14.0 technology catalogue will further be reviewed, as well as the included
declarative and procedural knowledge and the roughly qualitative effect assessment of the
technologies on the evaluation criteria of the Potential Model.
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