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Abstract: Industry 4.0 is an element of entrepreneurial strategy to survive to 
rapidly and constantly changing markets. Several studies acknowledge that 
small and medium sized enterprises (SMEs) face challenges initiating 
innovation processes towards digital transformation. However, the success of 
the so called fourth industrial revolution will ultimately depend on whether 
SMEs can adopt and implement these technologies, as they represent the 
backbone of numerous economies worldwide. The present study aims at 
presenting the characteristics of a roadmap service supporting SMEs in the 
manufacturing and building sector throughout the technological and 
organisational planning of Industry 4.0 in their business strategies. The results 
of a social experiment to validate the selected design thinking techniques show 
that most of them enable innovation dynamics in creativity workshops for 
Industry 4.0 roadmaps and are useful for deriving an implementation plan  
for Industry 4.0 in SMEs. 

Keywords: Industry 4.0; roadmap; self-assessment; readiness; maturity model; 
SMEs; small and medium sized enterprises. 
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1 Introduction 

The continuous pressures on the technological advancement of enterprises regarding the 
introduction of Industry 4.0 requires the adaptation of traditional strategies and 
instruments in order to support the successful implementation of the Fourth Industrial 
Revolution. Small and medium sized enterprises (SMEs) are of particular interest for this 
research, which are the backbone of the economy in many countries (European 
Commission, 2018). European micro, small and medium sized enterprises provide around 
45% of the value added by manufacturing while they provide around 59% of 
manufacturing employment (Vidosav, 2014). Also in the US SMEs account for nearly 
two-thirds of net new private sector jobs in recent decades (Office of the United States 
Trade Representative, 2017). 

It remains essential for both types of enterprises, large enterprises as well as SMEs, to 
know the tools needed to best respond to the challenge of Industry 4.0. Systematic 
approaches, better known as ‘strategic roadmaps’, play a major role in the introduction of 
new concepts (Blackwell et al., 2008). Therefore also the implementation of new 
strategies for the digital transformation of an enterprise should be facilitated and 
supported by the use of ‘Industry 4.0 roadmaps’ (Pessl et al., 2017). 

This research aims to analyse in a first step existing roadmaps in the literature. 
Subsequently, methodological roadmaps will be explored in more detail. The theme of 
Industry 4.0 represents an element of total innovation for today's companies: processes, 
techniques, products and business models require to be conceived in a completely 
different way than what happened traditionally. The various processes for generating 
creative and innovative ideas include the design thinking methodology. The new creative 
way of thinking oriented to problem-solving draws its origins from David Kelley from 
the School of Design of Stanford University in the early 1990s (IDEO, 2018).  
The literature review focuses in particular on the methods of Design Thinking as a basis 
for the analysis and evaluation of various moderation techniques. The discussion on the 
methodologies will allow the outline of the characteristics of a new Industry 4.0 roadmap 
service that intends to address especially SMEs, which often lag behind large companies 
due to scarcity of financial and human resources as well as a lack of structures for 
research and development. 

In this work two research questions will be answered: 

• RQ1: What is the state of the art in Industry 4.0 roadmap models? 

• RQ2: Which techniques within the design thinking have a stronger application 
potential in Industry 4.0 roadmaps for SMEs? 

The paper is structured as follows. After a first introduction, a short literature review 
summarises the actual state of the art of roadmaps for the introduction of Industry 4.0. 
Next follows the description of the research method. Then the authors describe the 
proposed Industry 4.0 roadmap service for SMEs and a selection and validation of design 
thinking moderation techniques. In order to test the developed roadmap service and in 
particular the selected moderation techniques for the creativity workshop in the proposed 
Industry 4.0 roadmap service, the results of a case study based on a social experiment are 
shown. After a critical discussion, the paper ends with a conclusion and an overview of 
future directions regarding methods and instruments for the introduction of Industry 4.0 
in companies and especially in SMEs. 
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2 State of the art in roadmaps for Industry 4.0 

A technology roadmap is defined as a tool used by organisations to provide the 
information needed to make technology investment decisions by identifying critical 
technologies and gaps that require further research and development (Santos et al., 2017). 
The roadmapping technique emerged based on the needs from industry. One of the first 
to apply roadmaps was Motorola (Willyard and McClees, 1997), with the method widely 
adopted within the company as a central part of the business planning process, and being 
extended to supply chain and industry-level application (Probert et al., 2003). In the  
early 1990s technology roadmaps crossed company boundaries, involving analysis and 
forecasting of technological and product trends relating to the industrial world as a whole. 
Technological-strategic roadmaps, which contain all the specifications and target values 
for the definition and implementation of future strategies (Galvin, 1998). In the 2000s the 
first discussions about ‘disruptive technologies’ start and lead to a need for reviewing  
the technological roadmaps at a global industrial level predicting the variations  
of the technological trends (in these years e.g. microsystems, nanotechnologies, 
micromachining) in a very short time and to be able to respond adequately to them 
(Walsh, 2004). Finally, in 2011 the creation of the term ‘Industry 4.0’ (Kagermann et al., 
2013) led scholars and consulting companies gradually to start the development of 
methodological roadmaps ready to be used to introduce the new theoretical and 
technological principles in the individual enterprise. The reason for this is that  
the complex conception of Industry 4.0 requires to channel much of the effort  
towards the systematic learning of new technologies and new models of business.  
The roadmaps for Industry 4.0 identified in this literature review are now examined in 
more detail. 

Depending on the initiator of roadmap development, different types of roadmaps for 
Industry 4.0 can be identified in the literature. Table 1 provides an overview of existing 
roadmaps found in literature and categorising them in institutional (I), consulting (C) and 
scholarly (S) roadmaps. In the following we will give some more details to these three 
types of roadmaps. 

Over the years, the European Union as well as other institutions have financed a 
series of programs and actions whose results can be widely used to enhance technological 
evolution, especially in the industrial sector (SETIS, 2018). The introduction of  
Industry 4.0 has further accelerated the need to define technology trends and to  
promote a change in industry vs. new and emerging technologies (Santos et al., 2017).  
The meaning of ‘institutional roadmaps’ refers to the guidelines provided by the 
European Union, defined as strategic technology roadmaps. In addition to the European 
Union also associations of several countries developed strategic roadmaps for Industry 
4.0. The German Engineering Federation VDMA published a document with guidelines 
for the implementation of Industry 4.0 in small and medium sized enterprises (VDMA, 
2018). The various roadmaps are scientifically based as the various projects have been 
carried out by scientists or developed with the involvement of scientific advisory boards. 
However, the recommendations for action often have a still very abstract level, provide 
only rough guidelines and are rarely directly applicable in industrial companies. 
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Table 1 Identified roadmaps in literature related to Industry 4.0 technologies 

Source Identified roadmaps in the literature review 

Type  
I = Institutional  
C = Consulting  
S = Scholarly 

VDMA (2018) VDMA Guideline Industry 4.0 I 
EPoSS (2018) Strategic Research Agenda of the European 

Technology Platform on Smart Systems Integration 
2017 

I 

EFFRA (2016) Factory of the Future roadmap - Work program 
developed by EFFRA (European Factories of the 
Future Research Association) 

I 

Pathfinder (2018) Pathfinder Roadmap: defining research priorities to 
drive R&D activities in the Simulation and 
Forecasting Technologies (S&FT) 

I 

IMS2020 (2018) IMS2020 Roadmap on Sustainable Manufacturing, 
Energy Efficient Manufacturing and Key 
Technologies 

I 

ActionPlanT (2018) ActionPlanT of the European Forum for ICT in 
Factories of the Future 

I 

SPARC (2018) Robotics 2020 Multi-Annual Roadmap from the 
European partnership for robotics SPARC 

I 

ARTEMIS (2018) ARTEMIS roadmap: European Roadmap for 
Industrial Process Automation 

I 

KPMG (2017) KPMG Industry 4.0 Roadmap C 
Capgemini Consulting 
(2014) 

Capgemini Consulting Roadmap for Industry 4.0 C 

Innovationszentrum für 
Industrie 4.0 (2018) 

Pathfinder i4.0 by Innovationszentrum für Industrie 
4.0 

C 

AgiPlan (2018) AgiPlan Industry 4.0 Roadmap C 
Ero et al. (2016) Industry 4.0 Three Stage Process Model (Authors: 

Selim Erol, Andreas Schumacher, Wilfried Sihn) 
S 

Merz and Siepmann 
(2016) 

Industry 4.0 - Procedure model for the introduction by 
Sandra Lucia Merz and David Siepmann 

S 

Hermann et al. (2016) Industry 4.0 Project Roadmap by Mario Hermann, 
Tobias Pentek and Boris Otto 

S 

Cho et al. (2016) Industrial Technology Roadmap by Yonghee Cho, 
Seong-Pil Yoon and Karp-Soo Kim 

S 

Seiter et al. (2016) Roadmap Industry 4.0 by Mischa Seiter, Christoph 
Bayrle, Sebastian Berlin, Ute David, Marc Rusch and 
Oliver Treusch 

S 

Matt et al. (2018) Five-Step Methodology to Introduce Industry 4.0 by 
Dominik T. Matt, Erwin Rauch and Michael Riedl 

S 

Pessl et al. (2017) Roadmap Industry 4.0 by Ernst Pessl, Sabrina Romina 
Sorko and Barbara Mayer 

S 

Ghobakhloo (2018) Strategic Roadmap towards Industry 4.0 by Morteza 
Ghobakhloo 

S 
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The consulting world today offers numerous services in terms of business action  
plans, especially in the area of Industry 4.0. A very valuable tool is the KPMG  
‘Industry 4.0 strategic roadmap’, which proposes a very simple action plan with three 
main steps: (1) definition of a real roadmap based on an assessment of technological and 
financial maturity, (2) preparation of a pilot project and (3) implementation (KPMG, 
2017). The consultancy activity of the Capgemini Consulting group in Industry 4.0 
proposes a roadmapping tool whose common thread is the theme of digitisation,  
aimed at manufacturing companies. The circular roadmapping procedure consists of six 
consecutive steps: (1) digital maturity assessment, identification of opportunities and 
threats, Industry 4.0 vision, prioritisation, Industry 4.0 action plan, implement and sustain 
the change (Capgemini Consulting, 2014). Another three-step tool is ‘Pathfinder i4.0’, an 
action plan drawn up by the German consulting firm Innovationszentrum für Industrie 4.0 
consisting of (1) a self-assessment compiled online, (2) a workshop session for the 
evaluation of the current state of the enterprise and (3) finally the compilation of a 
practical roadmap (Innovationszentrum für Industrie 4.0, 2018). Also the roadmap of 
AgiPlan (2018) follows a similar procedure as the other consulting approaches. All the 
previously described consulting procedures show a certain lack of scientific methodology 
to identify Industry 4.0 concepts and their applicability and potential in the company as 
they are mostly based on workshop discussions and expert opinions of consultants. 

The third category of roadmapping tools for Industry 4.0 are scientifically based 
methodical roadmaps. These roadmaps are of particular interest, especially for the 
exploitation and transfer of Industry 4.0 concepts from research to practice in SME 
industry, leaving aside national or supranational strategies that are too complex and 
disconnected from the reality of a company (as happens probably with institutional 
roadmaps) and grounding on a scientifically consistent basis (in contrast to consulting 
roadmaps). 

3 Methodology 

3.1 Method for the development of the I4.0 roadmap service for SMEs 

The framework methodology employed to develop the I4.0 roadmap service mainly 
comprised five phases. As seen in Section 2, in the first phase (Literature Review), the 
results of a literature review summarise requirements of SMEs regarding the introduction 
of innovation processes as well as the main existing roadmapping methods categorising 
them in institutional roadmaps, consulting roadmaps and scholarly roadmaps for the 
digital transformation in industrial companies. Since the I4.0 Roadmap project aims at 
developing a roadmap service in terms of a methodological support for innovation 
processes with the focus on SMEs, the analysis of identified methods and approaches has 
been emphasised on best practices for their application in SMEs. In this regard,  
such roadmaps offer a wide range of methodological inputs to be evaluated in the context 
of SMEs. In the second phase (SWOT Analysis), a strength, weaknesses opportunity and 
threats (SWOT) Analysis (Houben et al., 1999) has been formulated as qualitative 
method to evaluate the adequacy of the different methods and approaches proposed in 
existing examples of roadmaps and main challenges faced by SMEs in managing 
innovation processes previously collected. In the third phase, (Identification Moderation 
Techniques) the authors conducted a literature review focusing on moderation techniques 
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and methods in the framework of Design Thinking e.g. for the generation of innovative 
ideas as well as the definition of requirements and fields of application of Industry 4.0 
concepts in the company. In the fourth phase (Development I4.0 Roadmap Service),  
the proposed I4.0 Roadmap service was developed by the research team, considering only 
selected methods showing higher application potential for SMEs. The techniques and 
methods were adapted to make their content and structure more tailored to the needs and 
capabilities of SMEs. Finally, in the last phase (Expert Interviews) expert interviews with 
representatives from industrial associations and business development agencies were 
conducted to confirm the usefulness of the proposed I4.0 Roadmap service and to collect 
feedback on the overall validity of the research outcomes for industry. Semi-structured 
interviews with local experts consisting of predefined open, multiple choice and Likert-
scale questions lasted on average 60 minutes. 

3.2 Social experiment to test and validate the adequacy of the I4.0 roadmap 
service 

A selection of collected methods and moderation techniques in the framework of design 
thinking emerging from the literature review were simulated in a controlled research 
environment during a hypothetical moderation of a workshop in the company. The 
essential aim of the simulation was to test the validity and adequacy of selected design 
thinking methodologies, to practice and refine specific moderation techniques which will 
be proposed in real SMEs environments. The fictitious company taking part to the design 
thinking workshop part of the I4.0 Roadmap service was supposed to be a SMEs 
dedicated to steel processing in engineer-to-order (ETO) form. With respect to the main 
reasons justifying the request of the workshop by the company, three main issues were 
considered, namely the possibility to monitoring tools used in production, real-time 
updating of material availability in the warehouse, and frequent machine downtimes due 
to the several production cycle changes. In this regard, the selected design thinking 
moderation techniques should serve to better understand the real requirements of the 
company, generate innovative ideas and evaluate a first set of feasible solutions to be 
further developed and implemented in the short, medium and long term. The simulation 
took place at the authors’ research affiliation involving internal staff members, who had 
previously been assigned a company role and character to play during the different parts 
of the workshop, to make the interaction as much real as possible. The roles assigned to 
the participants were the company managing director, production and logistics manager, 
IT manager and head of accounting. Besides their role, a brief description of their 
attitudes toward digital transformation was outlined. The attitudes toward digitalisation 
were assigned to have a mixed audience of subjects with different degrees of knowledge, 
openness and empathy toward Industry 4.0, process innovation and collaboration with 
external experts respectively. These aspects were considered on purpose since SMEs 
results particularly sceptical about Industry 4.0 application and technology strategy that 
they are still unfamiliar with (Kagermann et al., 2013). Furthermore, conflicting attitudes 
emerging due to the lack of a clear vision on digitalisation issues (Schröder, 2017), 
deserve to be considered and retain an influence in the dynamics between researchers and 
company members, e.g., during the moderation of workshops. At the end of the workshop 
each member had the possibility to rate the degree of usefulness and innovativeness of 
the technique employed during the workshop as well as providing general feedback on 
the quality of the moderation and structure of the workshop. The evaluation of the 
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workshop was carried out via a survey composed of questions displaying a 0 (strongly 
disagree) to 100 (strongly agree) point scale and open questions for general feedback. 

4 I4.0 roadmap service for SMEs 

4.1 Framework of the developed I4.0 roadmap service 

The literature review outlined several challenges to be considered in the design and 
selection of roadmap services for SMEs and moderation techniques. The main challenges 
of SMEs identified in the literature review are: 

• difficulties in the timely identification of important technological trends  
(Placzek et al., 2015) 

• lack of knowledge regarding I4.0 potential for the production domains  
(Koska et al., 2017) 

• proper skills of workers (Karre et al., 2017) 

• lack of a clear strategic vision (Eckelt et al., 2016) 

• adequate resources to adapt their current business strategies to I4.0 (Cerchione and 
Esposito, 2017). 

On the base of the collected challenges, the authors carried out a SWOT analysis of 
existing roadmaps from Section 2 (see Table 2). The main emerging limits regarding the 
adequacy of the I4.0 Roadmap service for SMEs identified lies in the complexity of 
certain tools proposed, e.g., for the evaluation of potential application scenarios, for the 
knowledge transfer of Industry 4.0 as well as for the applicability across different sectors. 
The degree of comprehensiveness of the service, e.g., presence of several service phases 
may also be a limiting factor for the time and human resource availability of SMEs. 
Table 2 SWOT analysis of existing roadmaps 

Strengths Weaknesses 
Practical case studies 
Technology set-up demonstrator 
Best practice examples 
Digital level assessment 
Involvement of several managerial levels 

Lack of reference to SMEs 
Strong sectorial focus 
Limited knowledge transfer on I4.0 topics 

Opportunities Threats 
Innovative creative techniques 
Re-evaluation of identified scenarios 
Modular structure 

Scalability to SMEs 
Lack of digital level assessment 
Complexity of evaluation processes 

Based on the found above mentioned challenges of SMEs towards digitalisation, 
strengths and weaknesses of identified road-mapping services and experts interviews  
(as explained in Section 3) the following Industry 4.0 Roadmap service with a total of 
five phases was derived (Figure 1). 
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Figure 1 Developed I4.0 roadmap service 

 

The first phase of the developed I4.0 Roadmap service (Self-Assessment) consists of a 
self-assessment survey to identify the digital level and overall existing challenges faced 
by the company in the main production and organisation processes. The decision to 
include the assessment was undertaken since identifying the digital level of an SME 
results fundamental prior to the definition of any I4.0 initiative or an implementation of 
Industry 4.0 technologies or concepts. 

In the second phase (Design Thinking Workshop), according to the results of the 
assessment and therefore to the digital level of the assessed SME, an expert workshop  
is held in the company. The workshop serves for knowledge transfer on digital 
transformation topics and for the identification of specific requirements in terms of 
digitalisation and automation of production or organisation processes. The workshop is 
conceived to close the information gap of SMEs on digital transformation and advanced 
automation topics, following the emerging evidence from literature and the SWOT 
analysis. This phase foresees innovative moderation techniques belonging to the design 
thinking methodology in order to analyse problems in the company and to derive possible 
solutions using Industry 4.0 concepts. The workshop itself consists of five steps: 

• Step 1: Discussion and structuring of problems in the company 

• Step 2: Detailing of specific problems identified in the group 

• Step 3: Brainstorming of possible Industry 4.0 solutions 

• Step 4: Improvement of identified ideas/solutions 

• Step 5: Selection of ideas/solutions. 

The approach for the selection and validation of the most useful and creativity supporting 
moderation techniques according to the identified SWOT criteria is described in  
Sections 4.2 and 4.3. 

In the third phase (Scenario Development) The I4.0 Roadmap service is completed by 
the derivation of scenarios for the digital transformation in line with the individually 
identified company requirements. The scenarios developed by the experts consider 
different degrees of digital transformation indicating main advantages and drawbacks and 
thus supporting a successful integration in existing processes. 

After the validation and selection of most promising scenarios, the company receives 
in the fourth phase (Project Development) a proposal for an implementation project 
indicating specific objectives, expected results, internal resources needed and the 
necessary time-frame for the implementation. 
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In the fifth phase (Implementation) the SME implements the defined Industry 4.0 
project supported by the external experts. 

4.2 Selection of design thinking techniques for the creativity workshop 

Industry 4.0 represents an element of total innovation for today's companies: processes, 
techniques, products and business models need to be conceived in a completely different 
way than it was traditionally the case. In order to define the right steps for introducing 
Industry 4.0 in an SME, the I4.0 Roadmap service described before foresees as creative 
workshop in the company moderated with the help of external experts. 

Among the different possibilities for generating creative and innovative ideas the 
methodology design thinking is well known. Design thinking is a comprehensive  
meta-disciplinary concept that broadens disciplinary reasoning (Lindberg et al., 2011). 
The problem-solving oriented creative way of thinking was originated at Stanford 
University School of Design in the early 1990s (Camacho, 2016). Among the proponents 
of this technique is David Kelley, founder of the innovation company IDEO and the 
Hasso Plattner Institute of Design, part of the Design faculty of Stanford University 
(Camacho, 2016). The two main concepts on which Design Thinking is based concern 
the centrality, in the decision-making process, of the person as an active participant and 
as an end customer. Anyone who participates in a creative process in the style of design 
thinking enjoys an essential position as a creative individual and a driving force behind 
the entire process (human-centred perspective) (Camacho, 2016). 

From the existing techniques of design thinking retrievable from literature, five 
techniques have been selected by the research team according to their high compliance 
and matching with specific SWOT criteria retrieved from literature on Industry 4.0 
roadmaps. Table 3 shows the selected techniques employed for the validation within the 
I4.0 roadmap service. 

4.3 Results of the social experiment to test and validate design thinking 
techniques 

As explained in the Section 3.2, the developed I4.0 Roadmap service and in particular the 
previously defined design thinking techniques for the creative workshop (second phase of 
the service) were tested in a social experiment, where collaborators of the authors 
research group simulated a real workshop situation in a typical SME of the steel and 
construction sector. Participating collaborators took over a defined role in the company 
(e.g., CEO, production manager, logistics manager, etc.) and mentally putted themselves 
in the assigned role. 

After the social experiment participants, apart from the moderator, ranked the 
proposed design thinking techniques in a graph according to their usefulness (x-axis) and 
degree of innovation (y-axis). Such variables were defined in terms of capacity for the 
participant to apply in the short term the information gained using an individual 
technique (usefulness) and the perception of interaction dynamics and creativity among 
participants (innovation). Most of the techniques used were considered useful and with a 
moderate level of innovation (Figure 2). The use of the technique ‘Mind Map’ was 
considered the most useful in terms of information and linkages collected to tackle the 
specific problem considered, followed by ‘Observe’, ‘Decision Matrix’ and ‘How Might 
We’ Although the technique ‘SCAMPER’ shows a similar support in creativity and 
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innovation it has been assessed as less useful as the other methods due to its complexity 
to apply it in SME workshops. 
Table 3 Matching of design thinking techniques with SWOT criteria 

SWOT criteria 
Design thinking 
techniques Step in the workshop Short description 

Modular structure Mind Map 
(Tschimmel, 2012) 

Step 1 – Discussion and 
structuring of problems 
in the company 

Brainstorming process aimed at 
setting hierarchies and relationship 
across digital and automation 
requirements of the company in 
different units. 

Practical case 
study/demonstrator 

Observe (Curedale, 
2018) 

Step 2 - Detailing of 
specific problems 
identified in the group 

Detailed observation of concepts in 
real context examples, e.g., video 

Innovative creative 
technique 

How Might We…? 
(Glen et al., 2015) 

Step 3 – Brainstorming 
of possible Industry 4.0 
solutions 

Aims to deepen the range of 
solutions iterating the “How might 
we” questions starting from a real 
case company problem. 

Re-evaluation of 
scenarios 

SCAMPER (Serrat, 
2017) 

Step 4 – Improvement 
of identified 
ideas/solutions 

Facilitate idea refinement 
considering acronym actions 
namely Substituting-Combining-
Adapting-Modifying-Putting-to-
another-use, Eliminating and 
Reversing elements characterising 
the generated set of ideas and 
solutions to a company problem. 

Complexity of 
evaluation processes 

Decision Matrix 
(Seram, 2013) 

Step 5 - Selection of 
ideas/solutions 

Support to idea ranking and 
selection according to expected 
effort for the implementation and 
priority level for the company. 

Figure 2 Validation of selected design thinking techniques (see online version for colours) 

 
 



   

 

   

   
 

   

   

 

   

    Industry 4.0 roadmap for SMEs 287    
 

    
 
 

   

   
 

   

   

 

   

       
 

5 Discussion 

Knowledge transfer activities are essential to support SMEs overcoming the major 
challenges they face in the planning of lean and agile Industry 4.0 concepts in their 
production and organisational process (Aziz et al., 2019; Rauch et al., 2017; Rauch et al., 
2017). The identification of innovative techniques stimulating creativity may facilitate 
the generation of novel ideas and approaches, ultimately improving the capacity of SMEs 
to develop digital roadmaps. Such creativity techniques help to consider also the specific 
human requirements of employees and other stakeholders (Ceccacci et al., 2019) aiming 
for social sustainability in SME factories (Papetti et al., 2020; Matt et al., 2020). In this 
research, we analysed selected design thinking techniques for the creative and systematic 
generation and evaluation of ideas. Through the simulation of applying such techniques 
in practice with SMEs and the evaluation of their innovativeness and usefulness, we tried 
to short list those techniques with higher potential of application in the context of SMEs. 
The results show that the majority of the techniques analysed are mature for being 
applied in road-mapping services for SMEs. Other techniques such as SCAMPER were 
assessed as less useful as their application may require further knowledge of the contents 
and practice in the moderation prior being performed with companies. The evaluation of 
techniques presented in this study relies on the evaluation of research teams having as 
reference their experience in conducting applied research projects with SMEs. On the one 
hand, this aspect can be considered a major limitation of this research pretending to 
derive impactful results for SMEs. On the other hand, such a preliminary step is 
necessary, to filter out those techniques that may have a lower impact for SMEs. This 
may also encourage the participation of companies to the evaluation of techniques, which 
may already retain an impact during real case study simulation. In this regard, future 
developments of the research require defining more detailed metrics SMEs should 
employ in evaluating such techniques. 

6 Conclusion and outlook 

This work gives a first very important contribution by presenting an overview of the 
Industry 4.0 roadmapping approaches currently available in the literature. A breakdown 
into roadmaps is provided, which have been developed by institutions, consulting firms 
and scientists. This overview should summarise current results of the scientific literature 
as well as the methods used by practitioners and policy makers. 

Based on the literature research, the challenges and requirements of SMEs for the 
introduction of Industry 4.0 concepts were also examined. Based on these challenges and 
the identified Industry 4.0 roadmaps, a SWOT analysis was conducted to identify best 
practices of existing models and at the same time to identify weaknesses and limits of 
existing models. The findings of the SWOT analysis as well as discussions with experts 
from practice formed the basis for the development of an Industry 4.0 roadmap service 
for SMEs. 

In one of its steps, this service also includes the conduction of a creativity workshop 
to analyse the problems in SMEs and to derive ideas and solutions by using Industry 4.0. 
These ideas should ultimately result in Industry 4.0 introductions in SMEs. As a second 
important contribution, the present paper shows a proposal for the design of such a 
creativity workshop on the basis of moderation methods from the Design Thinking 
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school. Selected moderation methods were tested and validated by means of an 
experiment and mostly all of them showed a great potential to be used in practice. 

In a next step the research team will conduct a series of real industrial case study test 
applying the proposed I4.0 Roadmap service to SMEs. Through a satisfaction survey as 
well as feedback discussions the authors will analyse the usefulness and perceived degree 
of innovation of the proposed design thinking methods. Especially for the application  
of the method SCAMPER the research team will develop a quick-guide in order to 
introduce the workshop participants in this creativity technique. Further, the research 
team wants to define more detailed metrics to measure the application of such techniques 
in SMEs. 
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