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Abstract 

 

The digitalization of society is causing companies’ 

environmental conditions to change. New customer 

demands, a change in employee thinking and a market 

situation altered by new competitors are making the 

digital transformation of companies a necessity. 

Identifying capabilities in a company, recommending 

actions and then implementing actions necessitates 

ascertaining the company’s level of development in 

terms of digital transformation. A multitude of 

capability maturity models and different approaches to 

use exist to meet the needs of SMEs and large 

companies. Since the dimensions of Industrie 4.0 are 

understood slightly differently all over the world, this 

paper formulates a train-the-trainer approach that 

ensures a global baseline understanding based on a 

dedicated capability maturity model. The paper 

concludes with a discussion of future applications for 

this method. 

 

Keywords: Industrie 4.0, digitalization, capability 

maturity index, capability analysis, performance 
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1. Introduction 

 
Industrie 4.0 represents a paradigm shift for 

industrial manufacturing. Once Acatech publicized its 

plan for Industrie 4.0 at the Hannover Messe in 2013, 

this new approach to modernizing manufacturing spread 

and established itself in Europe. Similar initiatives have 

been launched in almost every country in the European 

Union. With a perspective on global trends, the basic 

concepts have been adopted and adapted to the 

requirements of domestic industry in various countries, 

sometimes addressing a wider circle of companies and 

service providers along the industrial value chain. 

Industrialized nations such as the US with its “Industrial 

Internet Consortium”, China with its “Made in China 

2025” initiative or Japan with its “Industrial Value 

Chain Initiative” are setting their own agendas to 

strengthen their competitive position in manufacturing. 

What all these approaches have in common is the 

fundamental demand for greater use of digital 

technologies and data in manufacturing, greater 

connectivity of machines and manufacturing processes, 

and the associated and necessary establishment of new 

business models for companies in the industry. 

While Industrie 4.0 and digitalization have been hot-

button issues on various levels of government, academia 

and industry, small and medium-sized businesses 

especially often find it difficult to identify the benefits 

of digitizing processes, products and services. These 

difficulties are often the product of a limited view of 

digitalization as a purely technical issue, i.e. exchanging 

manufacturing equipment for connected equipment, 

while keeping everything else (e.g. processes, 

interfaces, staff qualifications, etc.) the same. Providing 

companies with a realistic assessment of their 

Industrie 4.0 capability development as well as 

highlighting potential benefits to be leveraged is needed 

to encourage the adoption of new technologies and 

initiate the necessary adaptation processes in 

companies. The promotion of an integrated company 

assessment based on a dedicated capability maturity 

model helps to identify a company’s current status vis-

à-vis digitalization and additionally establishes a 

perspective for a realistic road map for a company to 

plan its development path over the medium-term.  

To this end, the Fraunhofer IFF developed and 

successfully employed its Industrie 4.0-CheckUp in 

over a dozen companies in Germany. Additionally, the 

Industrie 4.0-CheckUp was successfully employed in a 

number of international pilot projects, focusing on 

transfer activities in other cultural contexts.  

This paper provides insights into the methodology of the 

Fraunhofer IFF’s Industrie 4.0-CheckUp, including its 
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underlying capability maturity model. It focuses on the 

international transfer activities to adapt the methodology 

to requirements of international companies as well as the 

development of a train-the-trainer method to build 

capacity to perform the CheckUp in other countries, 

specifically Thailand. 

 

2. The scope of digital transformation 

 
The principle of Industrie 4.0 is implemented in a 

smart factory [1]. Obermaier posits that the smart 

factory is characterized by automation and 

digitalization, on the one hand, and by the connectivity 

of industrial infrastructures and the actors operating in 

this value adding structure, on the other hand [2]. 

Siepmann notes that this industrial infrastructure can be 

interconnected in stages [3]. Not only the technological 

view, but also the transformation of the company’s 

organization and culture must be considered when 

implementing Industrie 4.0 [4]. 

 
Figure 1: Components of Industrie 4.0 [3] 

Cyber-physical systems (CPS) are the foundation of 

a smart factory. These systems are possible by 

embedded systems (ubiquitous computing), the Internet 

of Things (IoT) and other services such as cloud 

computing [5]. The combined use of human-machine 

communication transforms CPS into cyber-physical 

production systems (CPPS) [6]. Only by an aligned 

conformation of the corporate vision, strategy as well as 

business processes and models, it is possible to 

transform manufacturing companies towards 

digitalization and implement the principle of 

Industrie 4.0 holistically [5]. 

In light of the last point in particular, reducing 

Industrie 4.0 to technological innovations appears 

inexpedient since the underlying technological 

capabilities have existed for years. Linking the 

technologies with "fundamentally changed ways of 

thinking compared to traditional approaches to 

production" [3] engenders innovation. Schenk also notes 

that effective implementation of the principle of 

Industrie 4.0 requires a paradigm shift in a company [7]. 

Accordingly, Siepmann formulates five central 

paradigms that describe the "realization of the idea 

behind Industrie 4.0" [3]: 

 Vertical and horizontal integration 

 Decentralized intelligence 

 Decentralized control 

 Integrated digital engineering 

 Cyber-physical production systems 

Vertical integration means integrating a hierarchy of 

all internal company systems, on the one hand, and 

exchanging data between hierarchy levels by interfaces 

[5]. On the other hand, horizontal integration makes it 

possible to connect the actors involved in manufacturing 

on one level [2], i.e. the integration of a continuous and 

dynamic value creation network even across company 

boundaries [3]. According to Bauernhansl, the use of 

CPPS results in decentralized intelligence and leads 

consequently to an approach of decentralized control 

[8]. Decentralized intelligence describes the capability 

of manufacturing equipment and systems to transfer 

relevant information independently to a decentralized 

control system [3]. The approach of digital engineering 

should be approached in order to increase the production 

system’s flexibility integrally, [9]. Continuous data 

integration is used to incorporate changes into an 

existing model in order to be able to simulate impacts 

and risks before implementation [10]. The physical and 

the virtual world thus interlock seamlessly and the 

complete process is represented in real time [3]. 

Along with the capabilities provided by the principle 

of Industrie 4.0, there are also risks. Fallenbeck and 

Eckert state that new methodological and technological 

approaches are needed to ensure the security and 

veracity of information and communication systems. 

Targeted manipulation of data collected for the purposes 

of controlling and monitoring internal processes could 

have devastating consequences [11]. In addition, new 

fields of action also open up in the domain of 

occupational health and safety. Günthner et al. state that 

work must remain manageable and transparent for 

employees – despite the use of technical systems. 

Moreover, any sense of outside control by restrictive 

technical systems should be avoided, such as being 

overwhelmed by excessive complexity [12]. 

The digital integration of customers and suppliers 

beyond company boundaries is extremely important to 

the organization of dynamic and, especially, end-to-end 

value chain networks. Different international views of 

Industrie 4.0 are thus playing an increasingly important 

role in global value networks. 
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3. Different international views of 

Industrie 4.0 

 
The presentation of Industrie 4.0 at the 2013 

Hannover Messe initiated a global discussion on 

potential implications and impacts digitalization might 

have on manufacturing, the economy as a whole and 

society at large. The initial concept for Industrie 4.0 

propagated in Germany focused on promoting the 

export-oriented manufacturing sector and machine tool 

industry, ensuring the high-wage country’s 

competitiveness, counteracting demographic change, 

and boosting resource and energy efficiency. Germany 

aimed to establish an international lead market for 

Industrie 4.0 solutions, while becoming the leading 

developer of solutions for export to world markets. 

Efforts were concentrated on technology development 

and standardization to facilitate the adoption of solutions 

[13]. Other countries around the world similarly 

developed their own industrial strategies to promote 

digitalization, especially in manufacturing. While they 

extensively reference Germany’s approach to 

Industrie 4.0, a comparison of different national 

digitalization strategies reveals that each exhibits 

specific national traits that represent the countries’ 

specific cultural backgrounds, industrial make up and 

social challenges. China, for instance, is clearly focusing 

on leveraging automation capabilities in a centrally 

managed national strategy [14]. The USA has taken an 

economy-wide approach focusing on value chain 

optimization [14]. Austria is concentrating on social and 

non-technical factors specifically addressing the social 

challenges of digitalization [15]. The UK is focusing on 

nationwide productivity gains to reduce regional 

disparities [16]. European efforts are largely aimed at 

coordinating national initiatives, either through the 

European Commission’s “Digitising European 

Industry” strategy [17], public-private initiatives such as 

EFFRA [18] or dedicated agreements and working 

groups among national initiatives such as Germany, 

France and Italy’s trilateral group for smart 

manufacturing [19]. 

The discussion is steadily shifting from this strategic 

sphere to the shop floor. Companies want to understand 

how they can put these concepts into practice. The 

strategic approaches with different national traits are 

built around the largely similar basic concepts of 

increasingly connected manufacturing and products, 

while increasing the use of data generated by equipment 

and production. The technological starting point is thus 

largely the same in every country, while considering the 

general level of technical progress. Germany is often 

seen as a benchmark. Companies want to understand 

what Industrie 4.0 means for them in their own 

corporate context. Additionally, there is a demand for 

the transfer of methods such as capability maturity 

assessment methodologies to build local capacities to 

support businesses. 

 

4. Industrie 4.0 capability maturity models 

 
Organizing digital transformation confronts 

manufacturing companies with the challenge of using a 

suitable methodology that meets their strategic and 

operational requirements, e.g. enhancing the customer 

experience, increasing or maintaining competitiveness, 

networking the company and developing new business 

models. These requirements are essential to meet the 

objectives of Industrie 4.0. Once the goals have been 

achieved, digital transformation ushers in a change in 

the corporate environment which can be seen as both an 

opportunity and a risk [20]. When starting to organize, 

it is nevertheless essential to determine the company’s 

starting situation and to decide whether its capabilities 

can be reconciled with the requirements of the changing 

corporate world. This necessitates a company analysis 

in the first step, which can be performed using methods 

from strategic planning [20]. Widespread methods of 

corporate analysis include the value chain based on 

Porter, portfolio analysis, experience curve analysis, and 

strengths-weaknesses analysis or capability analysis. 

These do not adequately meet manufacturers’ demands, 

though, because analysis domains are too small or 

visualizations are insufficient to derive concrete 

recommendations. 

The use of capability maturity models in practice has 

established itself in the context of digital transformation 

as a useful method for evaluating companies integrally 

and identifying capabilities. According to the literature, 

a capability maturity model is described as an 

"anticipated, logical, desired or typical development 

path for objects of a class in successive stages, 

beginning in an initial stage up to [...] maturity" [21] in 

terms of predefined features [22]. Capability maturity 

models are used simply to describe the change of 

analyzed objects (evaluation) and then to derive 

recommendations for action in order to reach the next 

higher level [22]. The distinctive benefit of capability 

maturity models is the possibility of internal and 

external comparisons and benchmark analyses [23]. 

When supporting digital transformation, capability 

maturity models thus constitute a helpful tool, especially 

for executives in charge, to ascertain the stage of 

development and to derive individualized development 

paths from them [24]. 

At present, many capability maturity models that 

assess companies’ current status in terms of their digital 

transformation exist or are being created all over the 
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world. Research institutions, private consultants and 

agencies publish capability maturity models as part of 

studies or on their websites. There is a certain degree of 

arbitrariness in a large number of these models, and not 

all developers disclose the underlying conditions and the 

method, with which the model was developed [21]. A 

multitude of capability maturity models are based on 

subjective self-assessments. Unlike an objective 

description of the conditions in the individual stages of 

development, subjective comparisons lack the requisite 

comparability of the results. A classification and critical 

analysis of different capability maturity models, 

different requirements for capability maturity models as 

a function of company size as well as international 

differences have been discussed in detail in previous 

papers [25, 26, 27]. One of the goals of these 

publications was to identify significant capability 

maturity models on the market, to systematize 

requirements for different types of companies, and, 

finally, to provide recommended actions for developing 

capability maturity models for small and medium-sized 

enterprises (SME). 

Mittal et al. and William et al. primarily focused 

their studies on the basis of a literature search to derive 

a capability maturity model specifically for SMEs. 

Mittal et al. especially highlighted the key differences to 

multi-national enterprises (MNE) once again through an 

initial comparison between SMEs and MNEs [25]. 

Among other things, the more limited financial 

resources, the limited capacities for research and 

development, the limited flexibility in management and 

the strict decision-making by the CEO or shareholders 

are noteworthy [25]. The Industrie 4.0-Quick-CheckUp 

examined here is intended to help SMEs with digital 

transformation [26]. 

The Fraunhofer IFF’s Industrie 4.0-CheckUp with 

its integrated analysis of the thematic fields of 

Industrie 4.0 and its incorporation of all of a company’s 

organizational units has to be adapted to the basic 

conditions in different versions available. Further 

examination of capability maturity models will be 

described taking the Industrie 4.0-CheckUp and the 

simplified tool of the Industrie 4.0-Quick-CheckUp as 

examples. To this end, the Industrie 4.0-CheckUp’s 

basic structure is briefly explained first. 

 

5. Industrie 4.0-CheckUp 

 
The Industrie 4.0-CheckUp is performed in five 

steps, which are adapted individually to the objective of 

analysis as well as to the company’s specifics and 

requirements. The general procedure is presented in 

Figure 2. 

 
Figure 2: General Industrie 4.0-CheckUp method [26] 

A kick-off workshop is conducted with the company 

at the start of an Industrie 4.0-CheckUp in order to make 

the capabilities and relevant opportunities of 

digitalization tangible to the company staff. During the 

kick-off, visions of Industrie 4.0 are presented, concrete 

digitalization actions are discussed, and a basic 

understanding of digitalization and the desired 

interconnectivity of the entire value chain are discussed. 

Expert interviews will be conducted with selected 

company representatives to compile a common base of 

data and information, which later will constitute the base 

of knowledge for the Industrie 4.0-CheckUp. Along 

with executives’ and employees’ longstanding 

experience, engineers’ planning expertise and 

technology assessments are also recorded. This top-

down management approach to implementing 

Industrie 4.0 in combination with a bottom-up 

improvement process promises excellent prospects for 

the implementation phase since solutions are developed 

with the involvement of value-adding staff and generally 

more accepted as a result. This participatory planning 

approach has repeatedly proven to be effective, 

especially when implementing digitalization and 

automation solutions. 

In the next step, the results of the assessments are 

analyzed with Fraunhofer trainers by structuring 

problems and comprehensively identifying drivers in a 

cross-section of the company based on a methodological 

tool kit. The objective is a detailed understanding of how 

the results of the capability maturity model can be 

interpreted by the company for further use, developing 

an individual strategy and implementation road map. 

Based on the evaluation, appropriate actions and road 

maps toward Industrie 4.0 will be developed and an 

action plan for implementation will be generated. On-

site consulting in each company is necessary to specify 

concrete digitalization capabilities and detailed actions. 

Industrie 4.0-CheckUps performed in companies have 

revealed that some business units complete more 

activities and projects intuitively and iteratively than 

other units (Figure 3). 
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Figure 3: Example of an assessment from an 

Industrie 4.0-CheckUp 

This can result in the coexistence of different stages 

of Industrie 4.0 integration in one company. Format 

changes and interface problems between different 

generations of technology manifest themselves as 

obstacles for improvement. Since interdisciplinary and 

process-driven plans are often missing, the task is to 

advance every unit to the same stage of integration based 

on 

 identifying and weighting innovation drivers, 

 identifying concrete measures for each unit and 

placing them in the overall focus, 

 analyzing different options for action and 

likelihood of success, 

 creating a capability maturity model and 

performing a cost-benefit analysis, and 

 providing decision support for potential capital-

intensive projects. 

Concrete actions for each business unit can 

subsequently be identified and placed in the company’s 

overall focus; always under the premise of avoiding 

local optima by using interdisciplinary and process-

driven plans. Actions for employee awareness creation 

and training are as much a part of this as changes to and 

modifications of processes and technology. 

The Fraunhofer IFF’s trainers use assessment 

models specifically modified for digitalization to 

evaluate measures qualitatively or quantitatively – based 

on client requirements. These assessments ultimately 

establish the basis for drawing up a strategy road map. 

This provides a company with a digitalization strategy 

with potential migration paths, thus revealing a tangible 

evolutionary path. 

The simplified Industrie 4.0-Quick-CheckUp 

derived from the Industrie 4.0-CheckUp, can be 

implemented with considerably less financial 

commitment because less labor is required in the 

information gathering and analysis phases [26]. 

Partners, who were also familiar with the in-depth 

Industrie 4.0-CheckUp were especially involved in 

validating the practicality of the Industrie 4.0-Quick-

CheckUp in order to make it possible to compare the 

findings between these two approaches. To this end, a 

workshop was subsequently held with a group of users 

consisting of science and industry stakeholders. For the 

sake of clarity as regards to stakeholders, companies that 

use the Industrie 4.0-Quick-CheckUp by themselves are 

referred to as “users”; Industrie 4.0-CheckUp 

consultants that manage projects and especially shape 

the results are termed “trainers”. The major findings can 

be summarized as follows: 

 The vision of Industrie 4.0 is incomprehensible 

to many companies and still too abstract. A self-

assessment does not adequately facilitate 

understanding – a trainer in the process helps 

clear up misunderstandings. 

 Communication between the departments 

facilitated by the Industrie 4.0-CheckUp trainer 

is considered a significant success factor of the 

project. 

 A self-evaluation of the company constitutes an 

opportunity for management to develop the 

individual organizational approach participative 

with their team and to prepare employees for 

Industrie 4.0 individually. 

 Users of the Industrie 4.0-Quick-CheckUp 

ascertain the current development stage and 

derive the next development steps – users 

recognize the danger of measures not having 

been verified by a trainer. 

 Recommendations for action derived 

independently after a self-assessment of the 

company are predominantly technologically 

driven. 

 There is no crosschecking of the theoretical state 

with the necessity or relevance of the 

achievement of objectives when an Industrie 4.0-

Quick-CheckUp is conducted independently. 

 Company representatives are inclined to distort 

the assessment positively – the determined 

capability maturity level thus establishes a 

distorted basis for deriving recommendations for 

action. 

Although a self-assessment is fundamentally easier 

and less expensive to implement, the results are not as 

significant as the results of a detailed Industrie 4.0-

CheckUp. Furthermore, relevant and important positive 

impacts, such as creating awareness for digitalization 

issues and changing employee mindsets, cannot be 

achieved during an Industrie 4.0-Quick-CheckUp. 
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However, a major criticism of this approach, was that 

SMEs are left on their own too much and the focus of 

the method – the derivation of measures from the 

capability maturity assessment – usually still requires 

outside assistance. 

One possible solution to this might be to combine the 

supervised Industrie 4.0-CheckUp in a condensed 

format of only three days for the first and second phase 

of the project (see Figure 2) with implementation by 

local consultants to meet the financial requirements in 

particular. The personal support of a full Industrie 4.0-

CheckUp at an economy-wide SME level, however, 

would hardly be feasible for organizations such as 

Fraunhofer IFF due to a large number of companies and 

requisite human resources of trainers. Thus, a systematic 

and in-depth qualification and training of Industrie 4.0-

CheckUp trainers is more promising to broaden the 

basic ability to Industrie 4.0-CheckUp and transfer it to 

other international organizations. The Industrie 4.0-

CheckUp requires the development of more than just 

methodological skills with the help of the tool. 

 

6. Skill requirements for Industrie 4.0-

CheckUp trainers 

 
Training requirements have been being discussed in 

academia and industry for many years. Among others, 

studies of the impact on basic and advance training in 

the metal and electrical industry [28], the skills for 

Industrie 4.0 training requirements and approaches [29], 

and a study by Siemens [30] deserve mention. These 

studies compare content, training and skills relevant to 

Industrie 4.0, which are required in the context of 

Industrie 4.0 projects. Graul’s comparison of the 

findings of studies of training requirements shows in 

particular a high degree of overlap in the training 

priorities of 

 relation to the system, 

 relation to analysis, 

 relation to data, 

 relation to the process, and 

 relation to problem-solving skills [31]. 

Striking in this analysis is that interdisciplinary 

training and social skills only play a minor role [31]. 

Another approach to clustering requirements for 

employees is the requirement profile based on Hermann, 

which breaks skills down into six areas [32]: 

 soft skills, 

 psychomotor skills, 

 perception, 

 creativity, 

 methodological skills, and 

 cognitive skills. 

 

These six areas were used to examine the aspects of 

creativity and idea generation skills in particular. 

Furthermore, important personal skills such as the 

openness to new experiences, self-management or 

decision-making skills were prioritized under the area of 

soft skills. The area of perception, which includes 

perception of surroundings or mood, among other 

things, also played a significant role. 

The first outcome of this theoretical analysis was the 

development of a list of requirements for future 

Industrie 4.0-CheckUp trainers, which can be outlined 

as follows: 

 good to excellent university degree in an 

engineering program (mechanical 

engineering, manufacturing process 

engineering/manufacturing logistics, 

process engineering), ideally a doctorate, 

 at least five years of real work experience, 

ideally in consulting or in several (ideally 

international) companies, 

 project management experience/mid-level 

management, 

 capital, innovation, and/or reorganization 

project experience, 

 grasp of the fundamentals of information 

technology/digitalization, 

 strong soft skills (primarily social skills and 

self-mastery), and 

 English language skills. 

This list of requirements and the substantive skills 

constitute the point of departure for the designing of a 

train-the-trainer plan. 

 

7. Train-the-trainer program 

 
Following the validation of the Industrie 4.0-Quick-

CheckUp, a group of individuals internationally active 

in science, business and government was assembled to 

develop and formulate a train-the-trainer program. A 

didactic curriculum was developed at two workshops 

with the aid of creativity methods such as Six Thinking 

Hats, mind mapping and the Delphi method. The 

curriculum was intended to build international 

capacities and to ensure the transfer of knowledge in the 

sense of diffusing knowledge on different levels. 

The program developed consists of four phases, all 

of which must be completed to complete the training. An 

overview of the four phases is presented in Figure 4. 
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Figure 4: The 4 phases of train-the-trainer program for 

the Industrie 4.0-CheckUp 

Exactly ten individuals with the required skills are 

accepted in the training program following the selection 

process. These ten individuals are split into two groups 

at the beginning of the training. They are split up based 

on a team role test rather than arbitrarily. A 

questionnaire-based approach is used to assign every 

trainee a role in the team building process. Analyst, 

creator or connector are roles assigned to the ten 

trainees. This initial classification ensures that the teams 

are put together as heterogeneously as possible. 

In the first phase of the training program, trainers 

from the Fraunhofer IFF conduct an Industrie 4.0-

CheckUp project with the two groups (following the 

sequence in Figure 2). The trainees can initially follow 

and observe all the steps of an Industrie 4.0-CheckUp in 

a passive role. The objective is to familiarize the trainees 

with the practical application before the theoretical 

training. Trainees can especially use the phase during 

information collection to develop a feeling for "asking 

the right questions". Daily facilitated feedback sessions 

at the end of a workday give the trainees the opportunity 

to discuss observed contents within the group. The first 

phase ends with a final presentation of the two 

Industrie 4.0-CheckUp projects. The groups experience 

the Fraunhofer team’s presentations to review the 

significant findings of the first phase in a concluding 

feedback session. 

The second phase of the program includes the 

methodological and technical training. On the one hand, 

the goal is to qualify the trainees for the Industrie 4.0-

CheckUp method. On the other hand, participants are 

provided with technically sound expertise in the subject 

of Industrie 4.0. The methodological and technical skills 

are additionally enhanced during this training phase by 

exercises that aim at strengthening personal and social 

skills (see soft skills above). The methodological part of 

the training focuses on transferring knowledge of the 

Industrie 4.0-CheckUp method theoretically. A 

developed didactic curriculum is used to combine the 

levels of learning, materials and relationships between 

trainer, trainees and content as profitably as possible. 

Contents include individual phases of the project and 

technical excurses, comprising the topics presented in 

Figure 1. Along with cognitive skills, these excurses 

also teach personal, soft and methodological skills. In 

keeping with the didactic curriculum intended to train 

trainees regionally to acquire new projects in the 

medium to long term, the fundamentals of Industrie 4.0, 

historical foundations, different international 

perspectives or even theoretical principles of capability 

maturity models are also taught. Role-playing games 

also test the various possible directions acquisition talks 

can take; in the sense of a pitch. To this end, the 

Fraunhofer IFF trainers assume different roles of 

manager types in order to teach trainees ways to address 

specific audiences and skills to change their 

argumentation strategy during a conversation. 

Furthermore, the contents are taught theoretically during 

the phases of the project following figure 2 and are 

either treated in review with past examples from the first 

phase or practiced using examples from the third phase 

of the training. Another element of this phase of the 

training is a study trip to Germany which especially 

concentrates on company visits from a wide spectrum of 

industries that have gone through the Industrie 4.0-

CheckUp program. Factory tours and sharing of 

experiences between companies and trainees ensure a 

sustainable and practical learning success. This 

particularly enables trainees to get to know different 

approaches to different levels of capability maturity and 

to apply their experiences to future companies 

contextually. 

During the third phase, the trainees and trainers swap 

roles. The trainees are primarily responsible for 

performing the Industrie 4.0-CheckUp. The trainers 

merely take the role of observes during this training 

phase, and intervene in the event of problems only. In 

addition, the Fraunhofer staffers verify all phases and 

results of the Industrie 4.0-CheckUp performed by the 

trainees. This training phase is particularly important for 

testing the acquired learning content acquired 

theoretically and practically in a real-world application, 

thus deepening it. 

Finally, the trainees complete Industrie 4.0-

CheckUp projects on their own during the fourth phase 

of the training. Results of these are discussed with the 

trainers from the Fraunhofer IFF, while their 

consistency is verified before being presented. The 

training program ends after this phase. It is assumed that 

the trainees will be able to act as trainers by themselves, 

as their responsibility and practical experience grows 

and the desired diffusion effect will start thereon. 

 

8. Discussion – experiences from the 

validation 

 
As has been discussed in the literature critically, it is 

questionable whether companies need the outside 

support of a consultant when drafting their Industrie 4.0 

road map. Mittal et al. state that most companies, 

especially SMEs, do not factor in outside consultants to 

supervise their digital transformation [25]. The 

approach described in this paper emphasizes the 

importance of outside support when performing an 

Page 4597



Industrie 4.0 capability maturity assessment. This is 

specifically based on practical experience and the 

incorporation of intercultural and national views of the 

subject. 

Two different organizations validated the training 

program described in section seven that was initially 

executed in Thailand. The following findings were 

established: 

 The requirements formulated for training the 

trainees proved to be necessary. Trainees without 

the requisite professional experience had 

difficulty interpreting the complex relationships 

within the company correctly. Furthermore, 

selected trainees with engineering backgrounds 

in science proved to be best in terms of mastering 

project complexity and understanding technical 

and economic correlations. Two trainees with 

business economics backgrounds sometimes had 

difficulties interpreting technical relationships 

correctly, especially in the field of information 

and communication technologies. The defined 

requirements ought to be adhered to as much as 

possible. 

 It was also established that key facts about 

manufacturing and information system use cases 

must be available to recommend the right actions 

to a customer. The biggest differences between 

the trainers were detected in the methods of 

communication. Empathetic communication 

systematically targeting the company’s mindset 

and weaknesses proved to be significantly more 

effective than just a factual explanation of a use 

case. Similar differences were also detected 

during the interview-based information 

collection. 

 Holding regular feedback sessions during the 

various training phases proved to be 

constructive. Sharing among groups and learning 

from each other particularly resulted in many 

different discussions and contextual 

modifications in the program. For instance, a 

variety of management’s views during goal-

setting can be harmonized and addressed through 

modified communication methods. 

 Alternatives to the methods defined for the 

Industrie 4.0-CheckUp were often presented and 

discussed critically during the training. 

Organizing the process of digital transformation 

together with local partners proved helpful. 

Based on a standardized capability maturity 

model, ways to modify the program for specific 

countries could be found, which affect the form 

of interaction during the presentation of the 

results, for instance. In particular, the form of 

visualization during the fourth phase of the 

project was adapted to the requirements. An 

overall better visual contextualization was 

necessary to establish a superior understanding 

of the road map. 

It was also possible to derive some general 

recommendations for organizing digital transformation 

from the collaboration with companies, which were 

discernible from the executives’ classic behavioral 

patterns. 

 Do not follow the calculations for the return on 

investment. Industrie 4.0 affects the entire 

company. 

 Implement a sustainable transformation and 

change management. Involve all employees. 

 Keep questioning your business model by using 

the Business Model Canvas or the 55 pattern. 

 Follow the rules of user interface design (i.e. 

apps) to provide good service to your employees. 

 Develop your own IT expertise to program 

custom applications. 

 

9. Conclusion 

 
The purpose of this paper was to derive an approach 

to incorporating and harmonizing various international 

views and interpretations of the topic of Industrie 4.0 

based on a capability maturity model. First, the 

validation of an earlier approach to self-assessment was 

presented based on an approach validated in practice. 

This revealed that outside support and the introduction 

of impulses currently not being considered at the 

company are indispensable in part. A program focused 

on training program, international trainers in 

Industrie 4.0-CheckUp was derived from this. 

The validation of this training program delivered a 

sound foundation for organizing globally operating 

value networks. The need for further research was 

identified based on the findings of this paper. Therefore, 

next steps will be the representation and visualization of 

horizontal integration. Furthermore, tighter integration 

with companies’ existing but not yet collected key 

performance indicators is extremely relevant. Finally, 

the goal is to develop a capability maturity model based 

on a process-oriented rather than a function-oriented 

representation.

Page 4598



References 

 
[1] Andelfinger, Volker P.; Hänisch, Till (2015): 

Grundlagen: Das Internet der Dinge. In: Volker P. 

Andelfinger und Till Hänisch (Hg.): Internet der Dinge. 

Wiesbaden: Springer Fachmedien Wiesbaden. 

[2] Obermaier, Robert (2016): Industrie 4.0 als 

unternehmerische Gestaltungsaufgabe: Strategische und 

operative Handlungsfelder für Industriebetriebe. In: 

Robert Obermaier (Hg.): Industrie 4.0 als 

unternehmerische Gestaltungsaufgabe. Wiesbaden: 

Springer Fachmedien Wiesbaden. 

[3] Siepmann, David (2016): Industrie 4.0 - Fünf zentrale 

Paradigmen. In: Armin Roth (Hg.): Einführung und 

Umsetzung von Industrie 4.0. Grundlagen, 

Vorgehensmodell und Use Cases aus der Praxis. Unter 

Mitarbeit von David Siepmann. Berlin, Heidelberg: 

Springer Gabler. 

[4] Schuh, Günther; Anderl, Reiner; Gausemeier, Jürgen; 

Hompel, Michael ten; Wahlster, Wolfgang (Eds.) (2017): 

Industrie 4.0 Maturity Index. Die digitale Transformation 

von Unternehmen gestalten. München: Herbert Utz 

Verlag. 

[5] Siepmann, David (2016b): Industrie 4.0 - Struktur und 

Historie. In: Armin Roth (Hg.): Einführung und 

Umsetzung von Industrie 4.0. Grundlagen, 

Vorgehensmodell und Use Cases aus der Praxis. Unter 

Mitarbeit von David Siepmann. Berlin, Heidelberg: 

Springer Gabler. 

[6] Bauernhansl, Thomas; Hompel, Michael ten; Vogel-

Heuser, Birgit (2014b): Industrie 4.0 in Produktion, 

Automatisierung und Logistik. Anwendung, 

Technologien, Migration. Wiesbaden: Springer Vieweg 

(SpringerLink). Online verfügbar unter 

http://dx.doi.org/10.1007/978-3-658-04682-8. 

[7] Schenk, Michael (2015): Produktion und Logistik mit 

Zukunft. Berlin, Heidelberg: Springer. 

[8] Bauernhansl, Thomas; Hompel, Michael ten; Vogel-

Heuser, Birgit (Hg.) (2014a): Industrie 4.0 in Produktion, 

Automatisierung und Logistik. Wiesbaden: Springer 

Fachmedien Wiesbaden. 

[9] Schenk, Michael; Schmucker, Ulrich (2016): 

Durchgängiges Anlagenengineering vom Entwurf bis zur 

Betriebsphase. In: "KMU 4.0" - Intelligente 

Fertigungstechnologie für kleine und mittelständische 

Unternehmen: Fertigungstechnisches Kolloquium 

Magdeburg - Magdeburg: Otto-von-Guericke-

Universität, 2016, Kap. 2, insgesamt 20 S.; [Kongress: 

Fertigungstechnisches Kolloquium Magdeburg, 9./10. 

März 2016, Magdeburg]. 

[10] Vogel-Heuser, Birgit; Bauernhansl, Thomas; Hompel, 

Michael ten (Hg.) (2017): Handbuch Industrie 4.0 Bd.4. 

Berlin, Heidelberg: Springer Berlin Heidelberg. 

[11] Fallenbeck, Niels; Eckert, Claudia (2017): IT-Sicherheit 

und Cloud Computing. In: Birgit Vogel-Heuser, Thomas 

Bauernhansl und Michael ten Hompel (Hg.): Handbuch 

Industrie 4.0 Bd.4. Berlin, Heidelberg: Springer Berlin 

Heidelberg. 

[12] Günthner, Willibald; Klenk, Eva; Tenerowicz-Wirth, 

Peter (2017): Adaptive Logistiksysteme als Wegbereiter 

der Industrie 4.0. In: Birgit Vogel-Heuser, Thomas 

Bauernhansl und Michael ten Hompel (Hg.): Handbuch 

Industrie 4.0 Bd.4. Berlin, Heidelberg: Springer Berlin 

Heidelberg. 

[13] Kagermann et al. (2013) “Securing the future of German 

manufacturing industry - Recommendations for 

implementing the strategic initiative INDUSTRIE 4.0 - 

Final report of the Industrie 4.0 Working Group”, 

Forschungsunion / acatech, April 8, 2013, 

https://en.acatech.de/wp-

content/uploads/sites/6/2018/03/Final_report__Industrie

_4.0_accessible.pdf. 

[14] Kagermann et al. (2016): “Industrie 4.0 in a Global 

Context“, acatech,  

https://www.acatech.de/wp-

content/uploads/2018/03/acatech_STU_engl_KF_Indust

ry40_Global.pdf. 

[15] Sommer, R. (2016): Association Industry 4.0 Austria – 

the Platform for Smart Produc-tion, http://magazin.know-

center.tugraz.at/wp-content/uploads/2017/03/Plattform-

Industrie-4.0-Vorstellung-iKnow.pdf.  

[16] HM Government (2017) “Building our Industrial 

Strategy – Green Paper”, 

https://www.gov.uk/government/uploads/system/upload

s/attachment_data/file/611705/building-our-industrial-

strategy-green-paper.pdf. 

[17] European Commission (2016) “Digitising European 

Industry - Reaping the full benefits of a Digital Single 

Market”, Communication From The Commission To The 

European Parliament, The Council, The European 

Economic And Social Committee And The Committee 

Of The Regions, COM (2016) 180 final, Brussels, 

19.4.2016, https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=CELEX:52016DC0180. 

[18] EFFRA – European Factories of the Future Research 

Association, https://www.effra.eu/. 

[19] Federal Ministry for Economic Affairs and Energy 

(2018) « Paris Declaration of the Trilateral Group for 

Smart Manufacturing », Paris March 27-28, 2018, 

https://www.plattform-

i40.de/PI40/Redaktion/EN/Downloads/Publikation/wg3-

trilaterale-coop.pdf?__blob=publicationFile&v=3. 

[20] Bea, Franz Xaver; Haas, Jürgen (2005): Strategisches 

Management. 4., neu bearb. Aufl. Stuttgart: Lucius & 

Lucius (Grundwissen der Ökonomik 

Betriebswirtschaftslehre, 1458). 

[21] Becker, Jörg; Knackstedt, Ralf; Pöppelbuß, Jens (2009): 

Dokumentationsqualität von 

Reifegradmodellentwicklungen. Arbeitsbericht. 

Westfälische Wilhelms-Universität, Münster. Institut für 

Wirtschaftsinformatik. Available online at 

www.ifib.de/publikationsdateien/2009.pdf, checked on 

8/18/2017. 

[22] Kohlegger, Michael; Maier Ronald; Thalmann, Stefan 

(2009): Understanding Maturity Models. Results of a 

Page 4599

http://magazin.know-center.tugraz.at/wp-content/uploads/2017/03/Plattform-Industrie-4.0-Vorstellung-iKnow.pdf
http://magazin.know-center.tugraz.at/wp-content/uploads/2017/03/Plattform-Industrie-4.0-Vorstellung-iKnow.pdf
http://magazin.know-center.tugraz.at/wp-content/uploads/2017/03/Plattform-Industrie-4.0-Vorstellung-iKnow.pdf


Structured Content Analysis. Universität Innsbruck, 

School of Management, Information Systems. Graz. 

Available online at 

iwi.uibk.ac.at/download/downloads/Publikationen/KM

M.pdf, checked on 4/6/2017. 

[23] Bruin, Tonia de; Freeze, Ronald; Kaulkarni, Uday; 

Rosemann, Michael (2005): Understanding the Main 

Phases of Developing a Maturity Assessment Model. 

Edited by B. Campbell, J. Underwood, D. Bunker. 

Australasian Conference on Information Systems 

(ACIS). Sydney. Available online at 

http://eprints.qut.edu.au/25152/. 

[24] Solli-Sæther, Hans; Gottschalk, Petter (2010): The 

Modeling Process for Stage Models. In Journal of 

Organizational Computing and Electronic Commerce 20 

(3), pp. 279–293. 

[25] Mittal, Sameer; Ahmad Khan, Muztoba; Romero, David 

and Wuest, Thorsten (2018): A Critical Review of Smart 

Manufacturing & Industry 4.0 Maturity Models: 

Implications for Small and Medium-sized Enterprises 

(SMEs). Article in Journal of Manufacturing Systems.  

[26] Häberer, Sebastian; Lau, Lina and Behrendt, Fabian 

(2017) “Development of an Industrie 4.0 Maturity Index 

for Small and Medium-Sized Enterprises,” presented at 

the 7th IESM Conference, Saarbrücken. 

[27] Williams, Christopher; Schallmo, Daniel and Lang, 

Klaus (2019): Digital Maturity Models for Small and 

Medium-sized Enterprises: A Systematic Literature 

Review: Conference Paper at the ISPIM Innovation 

Conference – Celebrating Innovation: 500 Years Since 

daVinci, Florence, Italy on 16-19 June 2019. 

[28] Bayme vbm. (2016). Industrie 4.0 - Auswirkungen auf 

die Aus- und Weiterbildung in der M+E Industrie. 

München. 

[29] acatech. (2016). Kompetenzen für Industrie 4.0. 

Qualifizierungsbedarf und Lösungsansätze (acatech 

POSITION). München: Herbert Utz Verlag. 

[30] Kunz, C. (2015). Next generation competencies for a 

digital world - Erfahrungen aus dem Siemens - Projekt 

"Industrie 4.0@SPE". BWP (6/2015). 

[31] Berufsbildung 4.0 – Chancen und Herausforderungen bei 

der konzeptionellen Umsetzung in der beruflichen 

Fachrichtung Metalltechnik – Graul Erik 2018- 

Universität Erfurt – Magisterarbeit. 

[32] Andelfinger, V.P., Barthelmäs, N., Burger, A., Böhm, L., 

Fauser, K., … Ziegler, S. (2017). Industrie 4.0: Wie 

cyber-physische Systeme die Arbeitswelt verändern. 

Wiesbaden: Springer Gabler. 

Page 4600


