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Overcoming Innovation Paralysis with 
a Step-by-Step Project Outline

Especially in times of uncertainty, dealing with the digital transformation 
of one’s business can quickly become an overwhelming prospect. This 
makes establishing a strategy that clearly names the individual steps and 
provides structured guidance for these even more important. As needs 
can vary greatly depending on the specific use case, and as small and 
medium-sized enterprises (SMEs) can find themselves facing special 
challenges here, an approach that offers benefits to as many users as 
possible is especially valuable in this case. 
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Even twelve years after the ideas for Industry 4.0 were 
first presented [1], many small and medium-sized 
enterprises (SMEs) continue to face challenges in 
 shaping the process of transformation [2]. The 
introduction of the new technologies, methods, tools 
and concepts [3] associated with digital transformation 
is often met with reluctance [4], increases the fear of 
poor decision-making and inhibits the transformation 
 process, especially in SMEs, due to a lack of sufficient 
financial resources and know-how [5]. According to a 
study by the German KfW, only 33% of SMEs surveyed 
had carried out a digitalization project in 2021 [5]. 

To support digital transformation efforts in SMEs, a 
variety of guidelines and maturity models can be used 
(see [6] for an overview). These models can differ 
significantly in their structure, scope, level of detail and 
intended audience. Maturity models can utilize (self-)
assessments to determine the current state and show 
a development path to a target state [7]. Such models 
are comprised of subject areas (dimensions) and 
subordinate aspects (indicators) [8]. The indicators are 
assigned specific features that must be met to achieve 
a certain level of maturity. These features are defined 
by a Likert scale, with ascending levels of maturity.

Development paths can then be derived from the 
assessed current state, whereby the limits of a maturity 

model are reached. For 
SMEs to be able to 
leverage the insights 
gained from the maturity 
model to define and 
design concrete digital-
ization projects, a 
supplementary method-
ological support tool is 

necessary. Roadmaps are commonly used at this stage 
of development as they provide a comprehensive 
overview of development steps over a strategic period 
[9]. This implies that companies can translate long-term 
Industry 4.0 visions into realizable projects without 
getting mired in misguided trans formation processes. 
To support SMEs in developing a roadmap for shaping 
digital transformation, a holistic methodology has been 
developed.

Methodology: Developing an Industry 4.0 
Roadmap as a Team

By using this methodology, Industry 4.0 visions are 
systematically translated into a roadmap. This enables 
SMEs to develop their own digitalization strategy and 
strengthen their long-term competitiveness in the 
market. The methodology process is explained below 
and is illustrated in Figure 1.

The initial step of the process is to establish a roadmap 
team. Defining responsibilities for the roadmap and 
assessing the need for external support for facilitation 
or consultation is important at this stage. The roadmap 
team should cover all relevant functional and 
occupational  domains, with a particular emphasis on 
the Industry 4.0 vision. Additionally, it is crucial to 
communicate the outcomes company-wide to ensure 
transparency and gain acceptance from management 
and beyond [9]. 

The following stage is to determine the current state 
of affairs, meaning the company’s individual situation 
concerning the upcoming digital transformation. The 
company’s current level of digitalization is assessed 
employing an SME-specific maturity model developed 
in [6], which facilitates creation of a holistic perspective. 

Small and medium-sized enterprises still face the challenge of shaping 
their digital transformation. Maturity models offer a way to capture the 
situation within a company and support the creation of an Industry 4.0 
vision. This paper presents a methodology for SMEs to develop a roadmap 
for shaping digital transformation by enabling the transfer of this vision 
into specific decision-making steps. 
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This maturity model spans seven dimensions (“product”, 
“production”, “(process) organization”, “IT and data”, 
“management, leadership and culture”, “employees”, 
“business model and network”), and includes a total of 
29 indicators. These indicators are compared with one 
another across five maturity levels (0 = beginner to 4 
= excellent). To determine company-specific maturity 
levels using this maturity model, these indicator 
assessments are made through a guided interview 
lasting several hours (approx. 100 questions) [6].

The developed SME maturity model facilitates the 
assessment of a company's current state and the 
formulation of specific Industry 4.0 visions. Supporting 
the formulation of Industry 4.0 visions, so-called 
"Industry 4.0 cards" present practical examples of 
possible visions (e.g. for the use of Augmented Reality 
and Virtual Reality solutions; see Fig. 2). These fabricated 
Industry 4.0 cards can be customized or expanded to 
suit a company’s individual needs. Moreover, individual 
cards can be created using this schematic.

These Industry 4.0 cards create a common understand-
ing within the roadmap team and provide a basis for 
further methodological processes. Each Industry 4.0 
card contains a description of the Industry 4.0 vision 
in question and assigns points (on a scale from 1 to 3) 
to reflect the connection assessed between the Industry 
4.0 vision and the various dimensions of the maturity 
model. This is done for each of the seven dimen sions 
based on the ratio of relevant to total indicators within 
the dimension. An indicator is deemed relevant if it  

has received  1 or more points based on its 
implementation of the vision. To ensure comparability 
of results, even with differing numbers of indicators 
per dimension, the Industry 4.0 cards are normalized 
to 3 points. This is achieved by multiplying the ratio 
and the maximum scale value and then rounding up 
to the nearest whole point. This establishes a specific 
link between the Industry 4.0 vision and the dimensions 
outlined in the maturity model.

To map the target state, the Industry 4.0 card is transferred 
into the maturity model by selecting the necessary 
maturity levels for the indicators deemed relevant. 
Concrete actions must then be identified through a delta 
analysis comparing the previously outlined Industry 4.0 
vision (target state) and the company’s current level of 
digitalization (current state). The descriptions of the 
individual maturity levels of an indicator provide objective 
support to derive explicit actions (e.g. "Centralize master 
data" or "Develop training concepts") , that are necessary 
to achieve the respective maturity level. These actions 
are subsequently incorporated into later stages of the 
roadmap. They are documented e.g. on sticky notes and 
added to a table (prioritization matrix), where they are 
no longer grouped by dimension. This enables  the 
identification of dependencies and interactions between 
the individual actions, which can be systematically 
arranged in the roadmap.

Actions are entered into rows and columns in the 
prioritization matrix, and then compared in pairs (see 
pair comparison in [11]). If an action in a row must be 
completed to enable an adjoining action in the column 
to be completed, a 1 is entered. If there is no connection 
between the two, a 0 is entered. All pairs are compared 
using this method, from which a preliminary 
prioritization can be derived based on the totals for 
each row.

The prioritization matrix is fundamental in roadmap 
creation, which comprises a timeline and the maturity 
model's seven dimensions (See “Creation of roadmap” 
section in Fig. 1). The individual actions are added to 
the roadmap according to their dimension, beginning 
with the highest followed by its subordinate actions 
(those assigned a 1 in the prioritization matrix), which 
are then discussed and transferred over. This is followed 
by the action with the second highest priority and its 
dependent actions. The order of actions that have 
already been placed may change as necessary. This 
procedure is repeated until all actions are entered and 
their order no longer requires changes. Possible con-
straints can then be discussed, important goals and 
significant interactions highlighted, and thematically 
linked or cross-dimensional clusters can be formed. 
Finally, the roadmap team must reach a consensus on 
a qualitative time horizon.

Figure 1: Methodology according to [10].
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different Industry 4.0 card and entered a corresponding 
target state into the maturity model. The subsequent 
actions derived from the delta analysis were compared 
and prioritized using the prioritization matrix. These 
actions were then transferred into a roadmap, and 
significant interactions and a time horizon were 
determined.

The methodology was evaluated by eight industry 
participants (including management, production, IT 
and digitalization managers) during a workshop [10]. 
An anonymous questionnaire was used to collect data, 
with respondents rating each statement on a five-point 
Likert scale. The scale scores from "Disagree" (1) to 
"Agree" (5). Particularly, the structure of the workshop 
(score: 4.6), the development of the fictional company 
(score: 4.5) and the methodology for roadmap creation 
(score: 4.4) received positive ratings. Furthermore, all 
participants confirmed the workshop's usefulness 
(score: 4.5) and expressed their intention to employ 
the methodology in the future (score: 4.1). 

Actively shaping digital transformation

In summary, the methodology is adaptable to a 
company’s respective level of digitalization, while 
Industry 4.0 cards offer practical implementation 
options. Systematically utilizing the methodology 
identifies actions that can be prioritized and converted 
into a roadmap using a maturity model. The practical 
implementation of the roadmap starts by defining 
follow-up activities. The developed methodology is 
assumed to be generally valid and is fundamentally 

To prevent the developed roadmap from being an end 
in and of itself, explicit follow-up activities must be 
formulated, project planning must be initiated and the 
results of the roadmap must be converted into a 
corporate vision. The project planning phase can be 
oriented around common project management 
techniques [11].

Evaluation via a practice-oriented 
workshop

The methodology was tested via a full-day workshop. 
An Industry 4.0 vision was developed and transformed 
into a practical roadmap for a realistic use case in a 
fictional company. The fictitious company in question 
produces 250,000 hole punchers per year, generates 
a turnover of 3.9 million euros, has 42 employees, and 
possesses a hierarchical structure. To assist workshop 
participants in the implementation of different Industry 
4.0 cards, detailed information about the company is 
necessary in addition to the general information 
provided. This includes a bill of materials from which 
the necessary production steps can be derived. The 
resulting factory layout has been modeled in both 2D 
and 3D (see Fig. 3) and contains production quantities, 
cycle rates, and logistical processes. Additionally,  a 
value stream map illustrates the flow of materials and 
information.

Based on this example and the level of digitalization 
present, the methodology outlined previously was 
carried out in small groups. Each group selected a 

Figure 2: Example of an Industry 4.0 card.
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usable independently from the specific use case. 
Nevertheless, additional testing is required to investigate 
the general validity and transferability regarding specific 
company contexts. 

However, the ongoing process of digitalization 
necessitates changes to job roles, potentially resulting 
in subsequent changes to staff's competence profiles. 
These changes must be considered when planning and 
designing Industry 4.0 visions to prevent delays or 
inaccurate planning. Therefore, it is crucial to identify 
both current and future competencies and incorpo rate 
them into the planning process. Furthermore, suitable 
competence profiles for future roles must be determined 
using appropriate methods. This applies both to the 
manufacturing roles for which this planning is occurring 
and to the roles within the planning department.

The workshop, developed as an independent further 
training opportunity, is intended for employees who 
aim to promote digitalization within their company in 
the medium term or are directly or indirectly affected 
by the digital transformation.

The research project – SME Knowledge Transfer Laboratory 
“Digital Factory” – (KMU-Wissenstransferlabor “Digitale 
Fabrik“) with a duration of three years (01/2020 - 12/2022) 
is funded by the European Regional Development Fund 
(ERDF - or EFRE in German) 2014 to 2020 (IWB-ERDF 
Programme Hesse) and by the State of Hesse. 

Figure 3: Digital image of the example company in 2D (left) and 3D (right) [10].


