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Abstract
During the past ten years, lots of new data-driven products and services for tools, machinery and equipment have been 
developed. While several new players from other industries gained a certain market share, plant and machinery producers 
also started to enhance their portfolio to take on new data-driven products and services because of the technological 
changes in Industry 4.0. As a first part of the research, an extensive market study was carried out to analyze how many 
German companies already offer data-based products and services in addition to their core machines and understand 
what kind of offerings they make. To classify these offerings, a scheme based on established Industry 4.0 maturity mod-
els was developed. In brief, the market for data-driven products and services is still developing, with few technology 
leaders and fast movers taking the largest share. While the market study gave an overview of what was on offer, the 
second part of this contribution analyzes how the fast movers with a high level of Industry 4.0 maturity conducted their 
data-driven services and products. Thus, these few companies were analyzed in more detail, based on public material 
as well as subsequent expert interviews. Most fast movers in this study relied on the same patterns and approaches, 
especially when looking at organizational issues such as customer-driven innovation, agile organization of operations, 
mixed teams, partnering and portfolio enhancement.

1  Introduction

In the year 2011, the term „Industry 4.0″ was used for the first time. In the most influential subsequent publications, 
one of the major technological drivers leading to this 4th industrial revolution were Cyber-Physical Systems, meaning 
physical systems such as machines with ubiquitous computation capabilities on the hand and the connection of assets 
through the worldwide web on the other hand [1]. These formed the technological basis for the paradigms character-
izing the fourth industrial revolution–horizontal and vertical integration, decentralized intelligence and control as well 
as integrated digital engineering [2]. Some authors added topics such as 3D printing and biohybrid implants [3]. For the 
remainder of this contribution, the narrower focus on digitalized manufacturing systems is chosen in accordance with 
[4]. Once consisting solely of mechanical and electrical elements, products have transformed into complex systems, 
integrating hardware, sensors, data storage, microprocessors, software, and connectivity in various arrangements. Paired 
with a product cloud for storing and analyzing data, as well as running certain applications, these advancements are 
propelling significant enhancements in product functionality and performance [5]. This infrastructure revolutionizes 
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product capabilities by enabling autonomous monitoring and reporting of conditions and surroundings, providing 
unprecedented insights into product performance. The synergy of monitoring data and remote control creates oppor-
tunities for optimization through algorithms, enhancing product performance, utilization, and integration with other 
products in extensive systems [6]. These factors promote adaptability, efficiency, and resilience while also catalyzing the 
emergence of new products within the realm of industrial automation [4]. Depending on the source cited, the additional 
economic created would range between 78 [7] and 110 [8] billion euros per year for Germany alone.

In pursuit of heightened product value, companies engage in innovation through the development of novel services 
or the refinement of existing ones. This strategic evolution transcends a traditional product-centric framework, incen-
tivizing a paradigm shift towards delivering integrated packages that seamlessly incorporate both tangible goods and 
intangible services [9]. The integration of digital services, facilitated by embedding digital components into physical 
products, plays a pivotal role in fostering the emergence of innovative business models [10]. The academic discourse 
consistently identifies this transformative progression as servitization, digital servitization, or the overarching concept 
of a product-service system [10, 11]. A thorough examination of these conceptual frameworks is available in articles, 
exemplified by the seminal contributions of [12, 13]. In publications such as [14], aside from delineating the concept of 
digital servitization, the incorporation of the term digitalization is notable. As per [14], digitalization is defined as the 
strategic application of digital technology to unveil novel avenues for value creation and revenue generation, often 
intricately linked with the adoption of a servitization strategy. This transformative journey not only reshapes customers’ 
value propositions but also redefines the mechanisms through which a company leverages its processes and capabilities 
to generate and capture value. Central to this paradigm shift is the emphasis on collaborative co-creation with custom-
ers, facilitating adaptive responses to their evolving needs.

The digitization of manufacturing companies lays the foundation for I4.0 principles such as interoperability, decentrali-
zation, virtualization, real-time capability, service orientation and modularity. At the same time, emerging technologies 
have the capacity to reshape business process management from its traditional version to a more exploratory variant [15].

Many of the potentials of Industry 4.0 are based on the generation of Big Data enabling the development of new 
data-driven business models, or data transparency and data analytics [16], and not only product and process innovations 
but also business model innovations are essential for future success. One of the models enabled by the fundamental 
technical foundations of I4.0 is the “product services business model”, which relies heavily on data from CPS, IoT and 
Smart Factories. This type of business model is popular with manufacturing firms seeking closer customer contact, more 
stable revenue streams and better resource utilization and its products are known as data-driven products and services, 
where manufacturers move from being vendors to customer problem solvers or solution providers, bringing new value 
to the customer by mitigating risks and improving operational performance or asset efficiency [17].

While several new players from other industries gained a market share in manufacturing, domain knowledge is very 
often required to develop close to the market´s needs and meet the challenges involved. Thus, plant and machinery 
producers also started to enhance their portfolio to take on new, data-driven products and services as a consequence of 
the technological changes in Industry 4.0. Comparable to the introduction of services in the late 1990s and early 2000s, 
data-driven products, software and services tend to enhance the portfolio, provide additional revenue as well as present 
great potential to set themselves apart from the competition for high-quality producers from Germany. While a study 
conducted by KPMG in 2021 found that more than two-thirds of customers buying and using machinery and equipment 
are open towards new offerings [18], very few first “real” cases have become public, as e.g. in [19].

At the same time, developing software or data-driven services is very different from designing and building plants 
and machinery, from the perspective of technology as well as organization, culture and even business models. Thus, a 
lot of suppliers struggle to successfully adapt to these requirements.

Despite the wide range and popularity of data-driven products and services, there is few empirical data in the cur-
rent academic literature on patterns and/or approaches to guide manufacturing companies in the process of creating 
data-driven products and services. Briard et al. [20] discussed in their paper what the challenges of data-driven design 
research in the development process phase of physical products are and present conjectures for future lines of research. 
Schäfer [21] presents data privacy challenges and measures to address them when offering data-driven products. Chen’s 
[22] study proposes a research model of the digital service delivery process and states in his results that data-driven 
digital capabilities affect product support services and customer support services positively, indirectly improving firm 
competitiveness. Haifei Yu, Yanbin Gao & Yuanyuan Lu [23] formulate revenue models with no data sharing, unidirec-
tional data sharing and bidirectional data sharing based on the Hotelling model and conclude that horizontal product 
differentiation has a positive influence on the willingness to share data and that the optimal data sharing strategy of 
companies depends on horizontal product differentiation, data absorption capability and market competition. On the 
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other hand, in the study of Zuoxu Wang et al. [24] 172 articles concerning data-driven product design (DDPD) were 
analyzed, to conclude that DDPD has vitality in the Intelligence Era by combining the cutting-edge digital technolo-
gies, such as AI, additive manufacturing, digital twin, and so on. It was also determined that current DDPD studies could 
outperform classical design methods in well-defined tasks, but still cannot master creative/innovative design tasks that 
require cognitive ability. Meyer et al. [25] present 17 use cases that provide an overview of the possibilities offered by 
data analysis in product planning, reiterate the importance of data analysis, and point out that this topic is relatively 
new to many manufacturing companies and that many of these have little experience and/or expertise in this field [26]. 
Meyer et al. [27] offered practitioners a number and variety of investigations that can be performed with data in the use 
phases and at the end emphasizes that empirical research on this topic should gain even more importance. Meyera et al. 
[28] presented a methodology for planning optimized product generations and retrofits by systematically analyzing 
data and deriving new functions and features from the results. Furthermore, they focused on the fact that to integrate 
their approach in companies, a benchmarking process and the support of tools are necessary. The study by Grigoryan 
et al. [29] provides an analysis of the status quo and the challenges for companies with respect to data-driven product 
management research, an overview of the relevant data and proposes a detailed research roadmap, which provides 
professionals with a broad overview of this subject and allows them to reflect on how their product management should 
change in the future, in technical, organizational and human dimensions.

On the other hand, Bahrenburg et al. [30] state that approximately ten percent of companies are well positioned in 
terms of data and systems, and only one-third of them identify their own company as lacking or insufficiently prepared 
for the coming increase in complexity.

As seen from the previously cited sources, there is a lack of current literature that presents in depth the success factors 
or approaches and lessons learned from pioneering companies in the provision of data-driven products and services, 
especially in the machine and plant engineering sector. Thus, we conducted a study of fast movers, early adopters of 
software and data-driven products and services in the area of plant and machinery engineering. As [31] concluded that 
Germany has been one of the most important innovators in this field the study was conducted with a focus on German 
providers. The study was conducted in a three-step approach: First, a wide market search was conducted to study the 
extent to which German plant and machinery engineering companies currently provide both software and data-driven 
products and services. A wide gap can be observed between the classical deployment of software and the provision of 
data-driven services such as Equipment-as-a-Service or machine-learning-based performance enhancement. The latter 
seem to offer a higher margin, but also require more technical and organizational sophistication. Thus, in a second step 
publicly available material on providers of such advanced data-driven services and products was examined. Finally, 
expert interviews were conducted to analyze in depth the success factors and lessons learned from fast mover companies 
regarding the provision of data-driven products and services in the German plant and machinery engineering sector.

2 � Market research

As the first part of the research analysis, an extensive market study was carried out. Initially, we employed the list of 
exhibiting companies of two of the most important trade fairs for plant, machinery, tool and die making: the "Exposition 
Mondiale de la Machine Outil"—EMO in Hannover and the "International Exhibition for Metalworking Technologies"—
METAV in Düsseldorf, which have more than 500 exhibitors each. To analyze this list in detail, we collected secondary 
data on each exhibiting company from its website, such as its product portfolio, and from additional websites where 
annual reports and company publications are presented. From this analysis, 202 German companies were identified that 
offer data-driven products and services in addition to their core products. By analogy with cyber-physical systems, these 
are suppliers of physical products such as machinery, systems or components that could be enhanced with computing 
and communications capabilities. Trading and software companies were eliminated from the analysis. In a second part, 
these 202 companies were analyzed according to their size, measured in annual turnover and number of employees, 
as well as their portfolio of Industry 4.0 offerings. To classify these offerings, we first had to develop a scheme based on 
established Industry 4.0 maturity models (see chapter 2.1).

Finally, to deepen the analysis and identify successful practices of pioneering companies in providing data-driven 
products and services from the machine and plant engineering sector, we analyzed more than 130 publicly available 
publications, ranging from press releases to marketing podcasts as well as conducted interviews with experts from some 
of these pioneering companies. The interviews resulted in 20 h of written conversations. The detailed results and analysis 
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of these interviews and data are presented in Chapter 3, where we also describe the patterns and conclusive results of 
all Fast Movers and the most interesting individual expressions of the expert interviews.

2.1 � Scheme for market data analysis—level of maturity

Industry 4.0 is often described as a stepwise evolution of systems and processes, thus necessitating an evaluation of its 
maturity. During the last years, more than 20 such maturity models have been derived and published, with a meta-analysis 
presented in [32]. Figure 1 depicts one of the most influential and most cited maturity models, as introduced by the 
National Academy of Science and Engineering acatech in 2017 [33]. The technological basis is set through computeriza-
tion followed by connectivity. Together, these two elements create visibility as the lowest level of Industry 4.0 maturity. 
In a second step, understanding is developed before predictive capability is achieved. The highest level of maturity is 
seen as the ability to adapt based on prediction.

We employed this model of Industry 4.0 maturity, aggregated the steps where technically feasible (Fig. 2) and trans-
lated it into offering levels (Fig. 3):

On the lowest level, local computing power provides data aggregation, transparency, or even some feedback based 
on data from the automation level. Technologically, this is mostly achieved through well-studied and established tech-
nologies and implemented in solutions such as SCADA.

On the second level, aggregated data are available online through an internet connection. Technologically, this 
requires understanding and mastering the IIoT stack from an edge level to TCP/IP, MQTT, and others, but also includes 
aspects such as data stream architectures, network security, data privacy and safety, among others. Typically, these data 
streams are used to feed dashboards to provide information for domain experts.

On the third level, these data streams are connected to models and very specific domain knowledge to pursue specific 
goals, from process optimization to better maintenance and improved plant operations of even lower energy consump-
tion. In all these cases, domain expertise needs to be matched with data processing capabilities, very often requiring 
sophisticated models, data science approaches and specifically designed applications.

On the fourth level, services are provided on top of these models and data streams. In addition to mastering the dif-
ferent technology stacks and domain expertise, this also requires redesigning the organization towards the provision of 
services, which typically includes most internal processes and even the basic business model.

It is important to realize that all lower steps must be mastered in order to reach a higher step. E.g., local data aggrega-
tion (level 1), data provision through IIoT (level 2) as well as machinery wear and tear models (level 3) need to be well 
understood before providing offers such as Equipment as a Service or Performance Improvement.

Fig. 1   Industry 4.0 maturity model as introduced by Schuh et al.
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All of the companies included in our study were analyzed with respect to their offering portfolio and then classified 
according to this maturity level model. As domain-specific value generation and application cases varied across the 
different actors.

2.2 � General findings of the market data

The companies researched ranged from the very small, with a single-digit number of employees, to those with a global 
presence. Of the 202 under scrutiny, 92 hat actual software or data-driven products and services in their portfolio, rep-
resenting 43% of the total.

Following the EU definitions for the sizing of companies, 12 of these 92 companies fit into the category of micro or 
enterprises with less than 50 employees. On average, these companies employed 19 employees and had an annual sales 
volume of 2,7 million €. In the category of medium-sized companies (mostly referred to as SMEs) with fewer than 250 
employees and less than 50 million euros in annual turnover, there are 26 companies with an actual offering of software 
or data-driven products and services. On average, these companies employed 122 employees and had an annual sales 
volume of 16 million €. As the remaining group of large companies had a very disparate number of employees, we 
decided to classify them into two subgroups: Companies with less than 1000 employees, which are represented by 34 

Fig. 2   Aggregation of maturity levels with respect to technologies

Fig. 3   The maturity level derived for the market analysis
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companies in this subgroup. On average, these companies employed 489 employees and had an annual sales volume of 
93,2 million €. The second subgroup, made up of large-scale enterprises (corporations) with more than 1000 employees, 
making up 20 companies in total. On average, these corporations employed 6.100 employees and had an annual sales 
volume of 1,2 billion €.

When ranging the companies according to their number of employees, a clear correlation between company size 
and Industry 4.0 maturity level was observed: While offerings at the highest level could be found in any subgroup, the 
number of large companies offering data-based services was much higher than that of small companies (see Fig. 4).

Figure 4 also illustrates that this correlation trend has a high range of variation. Even some small or micro enterprises 
were found to offer products and services with a high Industry 4.0 maturity level. Still, the overall correlation between 
company size and maturity level is positive. So, when it comes to the ability to develop new, data-driven products and 
services, size does matter.

2.3 � Detailed view on maturity level in product portfolio

When looking at the different company sub-groups, the distinction discussed above became even clearer: For micro and 
small enterprises, 75% of all companies with digital offers stayed on level 1, thus offering products and services based on 
classical technologies with local applications only. In the same group, only one company offered data-driven services, 
thus exhibiting the highest maturity level. On the other side of the size scale, many mature offerings could be found. 
More than half of all large companies with more than 1000 employees had data-driven product and service offerings at 
maturity level 4, and almost the same number of companies showed offerings at level 3. Maturity levels 1 and 2 are very 
rare among this subgroup. Very often, small and medium-sized companies (as per EU definition) are described as the 
backbone of the German economy as well as a key driver for innovation and technological progress [34].

Several research and funding lines as well as further support is guided towards this group of companies [35]. When 
looking at the maturity level of the data-driven offerings, this innovativeness can be seen: More than half of all compa-
nies from this sub-group had offerings of maturity levels 3 and 4 in their portfolios, with an almost equal split between 
these two. In this respect, SMEs had an even more mature portfolio than the next group of larger companies ranging 
from 250 to 1000 employees (Fig. 5).

Fig. 4   Maturity level over 
company size

Fig. 5   Offer Portfolio for the different company categories
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2.4 � Product portfolio in high maturity levels

Services based on IoT and data can take many forms. A navigation model of the St. Gallen University differentiated 66 pat-
terns and more than ten different offerings in the area of Equipment-as-a-Service alone. These range from the service-based 
provision of software or consumables to hardware components, and equipment or even a complete fleet [36].

The companies under scrutiny in level 4 offered a comparable wide range of services: While Equipment-as-a-Service cer-
tainly is the most prominently advertised and discussed in many publications, the overall number of this pay-per-use offer 
was comparably small (33%) in comparison to performance packages (~ 60%). At the same time, Software-as-a-Service was 
often found even with company offerings on maturity level 3. It became clear that the offer of equipment, i.e. machinery on 
a per-use base, highly depended on the complexity and exchangeability of the equipment, or its opposite–the customer’s 
level of specification. Generally speaking, companies offering machines that could be more easily exchanged and transported 
(compressors, lathes, etc.) are more likely to finance on a pay-per-use basis. On the other hand, even for highly customer-
specific equipment, performance enhancement and other services could be offered as-a-service.

While this market study gave an overview of what was on offer, we wanted to understand how the fast movers with a high 
level of Industry 4.0 maturity conducted their data-driven services and products. Thus, we analyzed these few companies in 
more detail, which will be discussed in the next chapter.

3 � Detail analysis of fast movers

In the following chapter, we present the in-depth findings of the analysis of the Fast Movers and subsequent expert inter-
views. Several findings and patterns had a high number of occurrences, these were summarized in chapter 3.3 as conclusive. 
Results and expressions with a close relation to the study that were voiced individually are briefly presented in chapter 3.4.

3.1 � Design of the study

First, we isolated suppliers of machinery and equipment that provide offerings on the highest digital maturity level, as 
depicted in chapter 2. Overall, 20 companies could be identified and were thus labeled as “Fast Movers for data-driven prod-
ucts and services”. All the companies under examination have been working on these offerings for some time. This resulted in 
tangible and technically mature offerings as well as extensive experience in designing, developing and selling these products 
and services. Furthermore, this entailed knowledge regarding stumbling blocks due to own failures and customer feedback. 
Fast Movers in data-driven products and services could be found among very large companies and corporations, but also 
medium-sized companies. Thus, size as well as organizational form were not distinguishing features. In their core business 
as OEMs, all companies under examination had several decades of market presence, reflecting extensive know-how in their 
respective industry and application.

A positive correlation could be observed between the innovativeness of organizations and their openness to reveal how 
they approach this. When looking at the Fast Movers, only 3 out of 20 have almost no tangible external image on how they 
develop data-driven products and services. For the remaining 17 Fast Movers, we analyzed more than 50 publications, such 
as press releases, articles in industry-related media channels and blogs as well as podcasts. As these are mostly “white litera-
ture” without scientific peer-review, we collected them in a separate annex. From these sources, some conclusive patterns 
arose: the mentioning of customer-integration into the innovation development (75%), the application of agile procedures 
(65%), the usage of external partners (60%) and mixed teams (55%). To clarify the findings from these sources, we conducted 
in-depth interviews with eight industry experts. These were either working as directors, vice presidents, or even C-level at 
the Fast Movers themselves or close business allies and service providers. First, we verified the validity of the patterns one 
by one, then asked interviewees to rank and prioritize them. In the third part of the interviews, we asked open questions to 
reveal missing parts.

3.2 � Conclusive patterns and findings

Most Fast Movers in this study relied on the same patterns and approaches, especially when looking at organizational 
issues. The findings can be divided into customer-driven innovation, agile operations organization, mixed teams, part-
nering and portfolio enhancement.
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3.2.1 � Customer‑driven innovation

A basic differentiation in innovation can be made between the introduction of new technologies and solutions 
never experienced (push) or the focus on solving existing problems (pull) [37]. In the study, all Fast Movers went for 
the market pull strategy. Most were familiar with the classic design thinking framework [38] or at least described 
procedures like this concept.

3.2.2 � Agile operations organization

Data-driven products and services depict a software-intensive offer. Thus, all Fast Movers relied on agile organiza-
tional structures for product and service development, mostly in SCRUM [39]. Some even admitted to having tried 
classical, waterfall-like approaches before but found them unhelpful for this kind of development.

3.2.3 � Mixed teams

Product and service development in SCRUM requires mixed teams with backgrounds in different IT-related fields to 
cover all necessary technologies [40], as well as domain experts in the roles of product owners, stakeholders, etc. 
to guide feature development in the right direction. All fast movers thus deployed mixed teams. While long-term 
employees with years of experience in the customer domain served as product owners, mostly new hires brought in 
the necessary technological skills such as software development, IoT and cloud infrastructure. This did not necessarily 
result in an age gap between these two groups, as experienced software developers often come from other industries.

3.2.4 � Partnering

Customer-focused feature development, design thinking, agile development, and software often depicted new skill 
areas for the fast movers. Thus, external partners with more experience were often brought in to supply these. The 
way these partnerships were organized ranged from joint development [41] to outsourcing [42] and in some cases 
even the acquisition of existing companies [43].

3.2.5 � Portfolio enhancement

Digitalization and data-driven products and services in the context of Industry 4.0 are often described as “disruptive”, 
e.g. in [44] or [45]. In the classic “The innovator´s dilemma”, new technologies often lead to disruption for the market 
incumbents as new challengers arise from external markets with lesser requirements where cheaper technologies 
can be developed to a certain maturity before moving into the market in question [46]. Successful fast movers were 
thus expected to test their technologies in other markets or customers that were not serviceable before. Instead, 
all fast movers stated that data-driven products and services are an enhancement of their existing portfolio with 
established clients. They indicated that the necessary trust, close cooperation and domain expertise to develop these 
new offerings could only be achieved under these conditions.

3.3 � Individual expressions

Although the findings in chapter 3.2 were shared by all or at least most Fast Movers, some interesting individual 
expressions were shared during the interviews that yield additional need for research.

While some Fast Movers spun off separate daughter companies to develop and introduce data-driven services, 
others integrated this into existing business units. No consensus could be reached as to when or why to choose 
which way.

Whereas most Fast Movers relied on Design Thinking and customer-focused approaches in their development, 
some admitted to having started without knowing these methods and later discovered that they worked in align-
ment with them.
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Some experts admitted that the market success of new data-driven products and services heavily depends on the 
willingness of customers to introduce these new concepts, but in traditional, conservative markets these customers 
are also slow to converge.

An additional interesting observation was that even though the problems on the customer site might seem similar, e.g. 
in their operations. But concerning the technological infrastructure and the knowledge level of the workforce involved, 
these similar problems are not best matched by the same solution approach, thus hampering the scalability of already 
developed products and services.

4 � Organizational and managerial implications

In the interviews conducted in this study, Industry 4.0 Fast Movers mostly described organizational challenges and 
changes during their development. It can thus be concluded that developing data-driven products and services intro-
duces more organizational challenges than technological ones. This also means that a large number of companies will 
require additional help to introduce concepts such as Design Thinking, Agile methods or DevOps practices in their 
organizations. Thus, the capabilities and focus of an organization need to be addressed rather than the technological 
building blocks for offerings on a higher level of Industry 4.0 maturity. This encompasses training, strategic partnerships 
and talent selection in hiring processes.

At the same time, the standardization of equipment had a clear influence on the products and services on offer, as 
scalability on the completely installed base needs to be considered. A consensus among all experts and Fast Mover 
companies can be found in the fact that only standardized equipment that is transportable can be used for high-level 
offerings such as EaaS. The risks involved in offering highly customized, non-transferable assets as a service completely 
negates the positive effects on the side of the OEMs.

Thus, different offerings and services need to be offered by machinery and equipment companies depending on their 
digital focus as well as the degree of standardization of their equipment, see Fig. 6: When a company is only starting its 
digital transformation, offering software and applications can make economic sense if a certain market can be addressed 
through standardized equipment. A digitally focused and capable organization with exchangeable and standardized 
equipment can offer EaaS. Is the equipment in focus customized or non-transportable, other packages such as perfor-
mance enhancement should be considered.

Finally, it can be concluded that data-driven products and services in the area of Industry 4.0 require a high degree 
of domain expertise. Thus, engineers often serve as domain experts, product managers and the like, emphasizing the 
need for more education of engineering students and re-training for the experienced workforce in this new domain.

Finally, the development of data-driven products and services depicts an unknown area for most equipment manu-
facturers. This implies a huge uncertainty towards customers expectations, product specifications and service delivery 
as well as internal structures such as sales and accounting. Thus, developing these new services is a typical example for 
the applicability of agile methods such as Design Thinking, Minimum Viable Products and SCRUM. As Grove pointed 
out [47], in this type of environment, classical management structures build around individual goals and performance 
reviews do not work. Thus, in addition to different processes in product development, management tools for goal set-
ting and performance measurement will need to be adjusted. [48] introduced Objectives and Key Results (OKRs) as a 
methodology to manage and control this type of organization. Introducing such organizational changes in itself will 
require excessive change management and result in additional efforts and costs to manufacturing companies. While large 

Fig. 6   Selecting the most fea-
sible data-driven offerings
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companies have been observed to experiment with these structures and management methodologies (see Sect. 3), small 
and medium sized companies find an additional entry barrier to developing data-driven products and services. This will 
add on top of technical challenges such as reliability, data security and the like. Overall, research regarding managerial 
and organizational implications of data-driven products and services is often overlooked. Few authors such as [49] or 
[50] researched these implications. Very often, entry barriers to Industry 4.0 are perceived as pure technological [51].

5 � Conclusions

The market study clearly showed that less than half of all companies in focus are offering data-driven products and ser-
vices in addition to their core business yet. While some of the Fast Movers are already far ahead in their development, 
most of those companies with data-driven products and services remain at a lower maturity level. It can thus be con-
cluded that most companies in the German machinery and equipment market are not yet on their way toward offerings 
in the area of Industry 4.0., even though additional revenues and higher profits might be expected.

This paper also contributes to enriching and expanding the emerging literature on the creation of digital products 
and services in traditional industries such as machine and plant engineering. Previous studies on servitization such as 
[52] present key factors in the process of digital product creation such as partnerships, ranging from co-development 
to outsourcing and even acquisition of existing companies. As well as the implementation of agile co-creation models 
and the concept of customer-driven innovation. On the other hand, previous studies on the use of agile processes for 
product co-creation in digital servitization and software such as [53–55] emphasize the benefits of using agile processes 
in the creation of digital products, as well as including key challenges faced by companies such as the use or creation 
of mixed teams, customer-driven innovation, cooperation or creation of spin-offs and the expansion of their product 
portfolio based on customer feedback.

It could be observed clearly that developing data-driven products and services in the domain of machines tools is 
not purely a technical task, but entails organizational and managerial changes. Most authors especially in the begin-
ning of Industry 4.0 such as [2] or [5] focused on technological advancements and competitive advantages [8]. Even in 
strategic research outlines such as [4], the topics of organizational and managerial changes were underrepresented. On 
the other side, this kind of technological focus seems characteristic for the manufacturing companies as well. As [51] 
showed in a market study, the focus of companies, especially SMEs, in developing data-driven products and services is 
also technological, putting an emphasis on technological barriers and risks.

Introducing agile methods and management tools again is not suitable for the development of classical mechanical 
equipment. Yet, it is again best-fitted for data-driven products and services in their early development stage. This can 
lead to parallel structures for the different kind of products and puts additional strain on manufacturers, as it introduces 
organizational complexity. Especially for SMEs, this depicts an area of tension and possible conflict. As has been observed 
especially in the interviews (see Sect. 3), no best practice has yet been established regarding the integration of organi-
zational units focusing on data-driven products and services. While some companies prefer clearly separated business 
units or subsidiaries, others want to keep the areas of OEM and data-driven business as close together as possible.

Thus, it can be deducted from our research that to help the majority of companies, especially SMEs, that have not yet 
unlocked their market potential regarding data-driven products and services, more research focus needs to be put on 
managerial and organizational changes. Frameworks to integrate both agile and classical management tools and meth-
ods as well as guidelines to their integration are needed. Additionally, future efforts need to be spent on the implications 
for company culture: Agile means to fail fast and often, while classical project management and development focuses 
on not failing at all. The latter is reflected not only in structures and processes, but also hearts and minds, thus depicting 
a major need to change for manufacturers in the tool and die industry.

Author contributions  Eike Permin and Lina Castillo carried out the market analysis and interviews together as well as wrote the main manu-
script. Both reviewed the manuscript.

Funding  European Regional Development Fund, EFRE-0500131

Data availability  The datasets generated during and/or analyzed during the current study are available from the corresponding author on 
reasonable request.



Vol.:(0123456789)

Discover Mechanical Engineering             (2024) 3:9  | https://doi.org/10.1007/s44245-024-00039-6	 Case Study

Declarations 

Ethics approval and consent to participate  This research was conducted in accordance to the Regulations for Safeguarding and good Scientific 
Practice, published by the TH Köln in 2023 and aligned with the Good Research Practice of the Deutsche Forschungsgemeinschaft DFG. The 
need for written approval of the ethics committee of the TH Köln–University of Applied Sciences–was waived based on the self-assessment 
guidelines and tool. Informed consent to Participate and Consent to Publish were obtained from all participants, none of which was under 
the age of 18.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Geisberger E, Manfred B, eds. Living in a networked world: Integrated research agenda Cyber-Physical Systems (agendaCPS). Herbert 
Utz, 2015.

	 2.	 Rüßmann M et  al. Industry 4.0: The future of productivity and growth in manufacturing industries. Boston Consulting Group 
2015;9(1):54–89

	 3.	 Schwab K. The fourth industrial revolution. Currency. 2017.
	 4.	 Kagemann H. et al. Recommendations for implementing the strategic initiative INDUSTRIE 4.0. National academy of Science and Engi-

neering Germany. Frankfurt, 2013.
	 5.	 Porter ME, Heppelmann JE. How smart, connected products are transforming competition. Harv Bus Rev. 2014. https://​doi.​org/​10.​1017/​

CBO97​81107​415324.​004.
	 6.	 Porter ME, Heppelmann JE. How smart, connected products are transforming companies. Harv Bus Rev. 2015;93(10):96–114. https://​doi.​

org/​10.​1017/​CBO97​81107​415324.​004.
	 7.	 Neugebauer R et al. Trends in Industrie 4.0. Fraunhofer Society. Munich. 2016.
	 8.	 Geissbauer R et al. Industrie 4.0. Opportunities and challenges of the industrial internet. study by price Waterhourse Coopers. 2014.
	 9.	 Lamperti S, Cavallo A, Sassanelli C. Digital servitization and business model innovation in smes: a model to escape from market disrup-

tion. IEEE Transact Engin Manage. 2023. https://​doi.​org/​10.​1109/​TEM.​2022.​32331​32.
	10.	 Paschou T, et al. Digital servitization in manufacturing: a systematic literature review and research agenda. Ind Mark Manage. 2020;89:278–

92. https://​doi.​org/​10.​1016/j.​indma​rman.​2020.​02.​012.
	11.	 Rapaccini M, Adrodegari F. Conceptualizing customer value in data-driven services and smart PSS. Comput Ind. 2022;137: 103607. https://​

doi.​org/​10.​1016/j.​compi​nd.​2022.​103607.
	12.	 Sassanelli C, De Carolis A, Terzi S. Integrating failure mode, effect and criticality analysis in the overall equipment effectiveness framework 

to set a digital servitized machinery: an application case, in Dolgui, A. (ed.) IFIP International federation for information processing 2021. 
Springer Nature Switzerland AG 2021. 2021: 143–152. doi: https://​doi.​org/​10.​1007/​978-3-​030-​85902-2

	13.	 Zheng T, et al. The applications of Industry 40 technologies in manufacturing context: a systematic literature review. Int J Product Res. 
2021. https://​doi.​org/​10.​1080/​00207​543.​2020.​18240​85.

	14.	 Sjödin D, et al. An agile co-creation process for digital servitization: a micro-service innovation approach. J Bus Res. 2020. https://​doi.​org/​
10.​1016/j.​jbusr​es.​2020.​01.​009.

	15.	 Czvetkó T, Kummer A, Ruppert T, Abonyi J. Data-driven business process management-based development of Industry 4.0 solutions. CIRP 
J Manufact Sci Technol. 2022;36:117–32.

	16.	 Müller J, Buliga O. Archetypes for data-driven business models for manufacturing companies in Industry 4.0. Proceedings of the Inter-
national Conference on Information Systems (ICIS). Munich. 2019.

	17.	 Weking J, Stöcker M, Kowalkiewicz M, Böhm M, Krcmar H. Leveraging industry 4.0–a business model pattern framework. Int J Product 
Econ. 2020;225:107588.

	18.	 Oppold B, et al. EaaS customer insights. What 10,000+ machine owners told us about Equipment as a Service. Berlin: Whitepaper; 2021.
	19.	 Klemkow J. Subscribed Industry Podcast. https://​subsc​ribed​indus​try.​podig​ee.​io/. Accessed 10 Oct 2023
	20.	 Briard T, Jean C, Aoussat A, Véron P. Challenges for data-driven design in early physical product design. A scientific and industrial perspec-

tive. Comput Indust. 2023. https://​doi.​org/​10.​1016/j.​compi​nd.​2022.​103814.
	21.	 Fabian S, Heiko G, Christoph G, Oliver G, Felix W. Data-driven business and data privacy. Challenges and measures for product-based 

companies. Bussines Horizons. 2023;66:493–504.
	22.	 Chen L, Dai Y, Ren F, Dong X. Data-driven digital capabilities enable servitization strategy. From service supporting the product to service 

supporting the client. Technol Forecast Soc Change. 2023;197:122901.
	23.	 Yu H, Gao Y, Lu Y. Company data sharing, product innovation and competitive strategies. Expert Syst Appl. 2023. https://​doi.​org/​10.​1016/j.​

eswa.​2023.​121083.
	24.	 Wang Z, Zheng P, Li X, Chen CH. Implications of data-driven product design: from information age towards intelligence age. Adv Eng 

Informat. 2022. https://​doi.​org/​10.​1016/j.​aei.​2022.​101793.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1109/TEM.2022.3233132
https://doi.org/10.1016/j.indmarman.2020.02.012
https://doi.org/10.1016/j.compind.2022.103607
https://doi.org/10.1016/j.compind.2022.103607
https://doi.org/10.1007/978-3-030-85902-2
https://doi.org/10.1080/00207543.2020.1824085
https://doi.org/10.1016/j.jbusres.2020.01.009
https://doi.org/10.1016/j.jbusres.2020.01.009
https://subscribedindustry.podigee.io/
https://doi.org/10.1016/j.compind.2022.103814
https://doi.org/10.1016/j.eswa.2023.121083
https://doi.org/10.1016/j.eswa.2023.121083
https://doi.org/10.1016/j.aei.2022.101793


Vol:.(1234567890)

Case Study	 Discover Mechanical Engineering             (2024) 3:9  | https://doi.org/10.1007/s44245-024-00039-6

	25.	 Meyer M, Panzner M, Dr-Ing. Koldewey Christian, Prof. Dr.-Ing. Dumitrescu Roman. 17 use cases for analyzing use phase data in product 
planning of manufacturing companies. 55th CIRP Conference on Manufacturing Systems. 2022;1053–1058.

	26.	 Meyer M, Fichtler T, Koldewey C, Dumitrescu R. Potentials and challenges of analyzing use phase data in product planning of manufactur-
ing companies. Artif Intell Eng Des Anal Manuf. 2022;36: e14.

	27.	 Meyer M, Panzner M, Dr-Ing. Koldewey C, Prof. Dr.-Ing. D Roman. 17 use cases for analyzing use phase data in product planning of manu-
facturing companies. 55th CIRP Conference on Manufacturing Systems. 2022; 1053–1058.

	28.	 Meyera M, Franka M, Massmanna M, Wendtb N, Prof. Dr.-Ing. Dumitrescua, Roman. Data-Driven Product Generation and Retrofit Planning. 
53rd CIRP Conference on Manufacturing Systems. 2020; 93: 965–970.

	29.	 Grigoryan K, Fichtler T, Schreiner N, Rabe M, Panzner M, Kühn A, Dumitrescu R, Koldewey C. Data-driven product management: a practi-
cioner driven research agenda. 33rd CIRP Design Conference. 2023; 119: 290–295.

	30.	 Bahrenburg S, Munk S, Fischer J. Study. Future PLM“–Product Lifecycle Management in in the digital age–The catalyst for IoT, Industry 
4.0 and Digital Twins. Bearing Point. 2019.

	31.	 Behrens V, Steffen V. A note on Germany’s role in the fourth industrial revolution. Analysis of the Leibniz Centre for European Economic 
Research and the World Intellectual Property Organization. 2020. Available at SSRN 3827033.

	32.	 OchoaUrrego RL, PeñaReyes JI. Digital maturity models: a systematic literature review. Digitalizat Approac Case Stud Tools Strat Trans-
format Implementat. 2021: 71–85.

	33.	 Schuh G. et al. Industrie 4.0 Maturity Index. Managing the Digital Transformation.of Companies. Update 2020. Berlin. 2020.
	34.	 European Union. Entrepreneurship and small and medium-sized enterprises (SMEs). Brussels. 2023. https://​single-​market-​econo​my.​ec.​

europa.​eu/​smes_​en.
	35.	 Federal Ministry for economic affairs and climate action. The German Mittelstand as a model for success. https://​www.​bmwk.​de/​Redak​

tion/​EN/​Dossi​er/​sme-​policy.​html. Accessed 05 May 2023.
	36.	 Wortmann, et al. The St. St. Gallen: Gallen EaaS Navigator. University of St. Gallen. Bosch IoT Lab; 2021.
	37.	 Brem A. Pull vs. Push—strategic technology and innovation management for a successful integration of market pull and technology push 

activities. The Boundaries of Innovation and Entrepreneurship: Conceptual Background and Essays on Selected Theoretical and Empirical 
Aspects. 2008; 39–71.

	38.	 Rowe PG. Design Thinking. Cambridge: MIT Press. 1987.
	39.	 Asproni G. An introduction to scrum. Softw Dev J. 2006;6:1–10.
	40.	 Aghina W et al. The five trademarks of agile organizations. McKinsey Whitepaper. 2018.
	41.	 Relayr. Success Stories. Company website. https://​relayr.​io/​succe​ss-​stori​es/​trumpf/. Accessed May 18 2023.
	42.	 Codecentric: projects. Company website. https://​www.​codec​entric.​de/​proje​kte/​kampf-​bahna​briss-​frueh​erken​nung-​produ​ktion-​ki. 

Accessed 02 May 2023.
	43.	 Ray S. Press release. https://​www.​rayso​no.​com/​news-​stori​es/​voith-​agent​ur. Accessed 05 May 2023.
	44.	 Bongomin O, et al. Industry 40 disruption and its neologisms in major industrial sectors: a state of the art. J Eng. 2020;2020:1–45.
	45.	 Winter J. The evolutionary and disruptive potential of Industrie 4.0. Hungar Geo Bull. 2020;69(2):83–97.
	46.	 Christensen, Clayton M. The innovator’s dilemma. When new technologies cause great firms to fail. Harvard Business Review. 2013.
	47.	 Grove, Andrew S. High output management. Vintage. 2015.
	48.	 Doerr, John. Measure What Matters: The Simple Idea that Drives 10x Growth. Penguin UK, 2018.
	49.	 Permin E, et al. Creating digital products in engineering companies–a practitioner’s review. Procedia CIRP. 2021;100:205–10.
	50.	 Brodeur J, Deschamps I, Pellerin R. Organizational changes approaches to facilitate the management of Industry 4.0 transformation in 

manufacturing SMEs. J Manuf Technol Manag. 2023;34(7):1098–119.
	51.	 Müller JM, et al. Barriers and Enablers for Industry 4.0 in SMEs: a combined integration framework. IEEE Transactions on Engineering 

Management. 2024.
	52.	 Ciasullo MV, Polese F, Montera R, Carrubbo L. A digital servitization framework for viable manufacturing companies. J Bus Indust Market. 

2021;36(3):142–60. https://​doi.​org/​10.​1108/​JBIM-​07-​2020-​0349.
	53.	 Mero J, Leinonen M, Makkonen H, Karjaluoto H. Agile logic for SaaS implementation: capitalizing on marketing automation software in 

a start-up. J Bus Res. 2022;145:583–94. https://​doi.​org/​10.​1016/j.​jbusr​es.​2022.​03.​026.
	54.	 Sjödin D, Parida V, Kohtamäki M, Wincent J. An agile co-creation process for digital servitization: a micro-service innovation approach. J 

Bus Res. 2020;112:478–91. https://​doi.​org/​10.​1016/j.​jbusr​es.​2020.​01.​009.
	55.	 Paluch S, Antons D, Brettel M, Hopp C, Salge T, Piller F, Wentzel D. Stage-gate and agile development in the digital age: promises, perils, 

and boundary conditions. J Bus Res. 2020;110:495–501. https://​doi.​org/​10.​1016/j.​jbusr​es.​2019.​01.​063.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://single-market-economy.ec.europa.eu/smes_en
https://single-market-economy.ec.europa.eu/smes_en
https://www.bmwk.de/Redaktion/EN/Dossier/sme-policy.html
https://www.bmwk.de/Redaktion/EN/Dossier/sme-policy.html
https://relayr.io/success-stories/trumpf/
https://www.codecentric.de/projekte/kampf-bahnabriss-frueherkennung-produktion-ki
https://www.raysono.com/news-stories/voith-agentur
https://doi.org/10.1108/JBIM-07-2020-0349
https://doi.org/10.1016/j.jbusres.2022.03.026
https://doi.org/10.1016/j.jbusres.2020.01.009
https://doi.org/10.1016/j.jbusres.2019.01.063

	Creating data-driven products and services in industry 4.0: a case study on companies in the German machine and tool industry
	Abstract
	1 Introduction
	2 Market research
	2.1 Scheme for market data analysis—level of maturity
	2.2 General findings of the market data
	2.3 Detailed view on maturity level in product portfolio
	2.4 Product portfolio in high maturity levels

	3 Detail analysis of fast movers
	3.1 Design of the study
	3.2 Conclusive patterns and findings
	3.2.1 Customer-driven innovation
	3.2.2 Agile operations organization
	3.2.3 Mixed teams
	3.2.4 Partnering
	3.2.5 Portfolio enhancement

	3.3 Individual expressions

	4 Organizational and managerial implications
	5 Conclusions
	References


