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Preface

Dear reader,
 
In recent years, agile approaches have been advancing and their application is spreading to the development 
of mechatronic products, perhaps even beyond their limits. While the beginnings of agile development in soft-
ware extend back more than two decades, the applications in the development of physical products, also refer-
red to as hardware or mechatronic products in this study, is still relatively young by comparison. Here, you can 
find the first documented field reports at the beginning of the 2010s. Due to the experiences in software, it 
has been possible for physical product development to catch up quickly. Nevertheless, according to the Gart-
ner hype cycle, agile approaches in software are between seven to ten years ahead of hardware applications. 
 
At the Institute for Technical Product Development (ITPE) at the Universität der Bundeswehr in Munich, 
Germany, we are investigating how agile development in the field of mechatronics is evolving. Since 2017 
we have been conducting surveys in German-speaking countries in cooperation with AGENSIS on the cur-
rent state of the art, enabling us to now publish the third study on 'Agile Development of Physical Pro-
ducts'. While in the first study the focus was on discovering the motivations behind companies introdu-
cing agile development and to shed light on the potentials that the companies see in it, we adjusted the focus 
a little bit last year. In 2019, we wanted to examine the trends in terms of potential benefits in greater depth, 
while at the same time tracking the changes in the further course of implementing agile working methods.  
 
Based on these results, we were able to set new focal points for this year's study: First, we took a closer look at the 
understanding of agile development in order to discover how users perceive agile development. Subsequently, we 
examined which process models are used and how they are applied.  In the third part, we specifically addressed the 
challenges that arise in the application of these process models and provided suggestions for possible solutions. 
Finally, the topic of scaling in physical product development is addressed in order to understand which frameworks 
are used here and which characteristics the term scaling has derived in the context of mechatronics development. 

Since this year's study is a consecutive continuation of the work from the last few years, it is also possible for us 
to depict trends in certain topics and show the changes and assessments over time. In comparison to previous 
years, it can be seen that some aspects have changed and developed further. This year we have decided to publish 
the study in German as well as English. The participants, as well as the majority of readers are German-speaking, 
therefore the German publication aims to reduce terminological and comprehension fuzziness. Simultaneously, we 
have reduced the scope of the study and have presented the results in the clearest way possible to increase under-
standing. Nevertheless, it is our aim to process the data in a scientifically correct manner in order to be able to make 
precise and credible statements, as before. These changes also reflect the learning curve of the team of authors.  

We wish you a stimulating read and look forward to personal discussions and feedback.

⎯ The authors
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Executive Summary

This cross-sectional study covers the state of application and implementation of agile product development of phy-
sical products in German-speaking countries. The goal of the study is to provide interested people and organizations 
with a neutral frame of reference outside the software domain.  This reference serves to enable users to check project  
planning or ongoing transformations, to secure procedures and decisions and to classify individual experiences.  
 
As in 2018 and 2019, both scientific findings and practical implementation experience of the study partners were 
incorporated into the design of the study. Designed as an online survey, a sample of 125 participants from about 80 
companies in the manufacturing industry was evaluated (⇨  Demographics). The information was collected with 
36 detailed questions in the four subject areas ⇨ Understanding, ⇨ Application, ⇨ Challenges & Solutions, and  
⇨  Scaling. This provides a relevant, neutral, and multifaceted insight into the industrial practice of agile product 
development of physical products in 2020.
From the point of view of the team of authors, the following condensed results and tendencies can be identified:

• Agile product development continues to be attractive and growing. Familiar ('classic') project work is declining. 
Periods of three to five years should be planned for successful implementations and distinguish beginners from 
advanced users.

• In the majority of cases, agile product development is associated with being flexible, transparent, and customer-
oriented. For two thirds of the participants, agile working makes everyday life easier. Scrum, Kanban, and De-
sign Thinking are the dominating methods in industry.

• The effect of agile product development is mostly perceived through the improvement of success promoting 
factors such as cooperation and transparency. Hard, measurable success parameters (KPIs) are currently only 
affirmed by a minority.

• Interactions with the physical nature of the products are clearly identified as difficulties. Specifically, aspects 
such as external regulations, waiting times for components and dependencies on suppliers are generally sta-
ted to be hindering factors. On the product side, modularization and interface standardization are reported as 
important improvement options.

• In the majority of cases, agile product development is supported by IT tools and additive manufacturing pro-
cesses. Standard office tools dominate in approval. Rapid prototyping is already standard in the physical world 
and no longer strongly differentiating.

• Agile product development is still not a finished concept. Hybridizations between proven in-house standards 
and agile elements are strongly increasing. 70 % of study participants adapt elements, methods or mission 
statements to a significant extent. Templates and frameworks are used for orientation. Copying from templa-
tes does not seem to be expedient.

• There are still challenges in the implementation of agile product development. The central obstacle remains 
the understanding of agility. Knowledge transfer and training are dominant solution factors. Unresolved lea-
dership issues such as loss of power or career paths are significant conflict potentials. Self-organisation and 
empowerment of teams is low.

• Agile product development extends beyond the individual projects and is increasingly scaled. Scaling is hetero-
geneously occupied and covers the project portfolio, the organization or the management. Scaling frameworks 
are extensively adapted (so-called hybrids). Coordination and communication between agile teams are the 
dominant challenges mentioned.

All in all, the study shows that the concept of agile product development is making further progress into the world 
of physical products, forming its own paths and catching up with the software world. There is no sign of a slow-
down in the change efforts. 
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Demographics

1  Demographics

In the following section, the demographic data of the 
participants is presented and explained in more detail. 
The data is divided into the following three sections:

• Company-specific data
• Product structure and architecture
• Information about the participants

As in previous years, this edition of the study was able 
to cover a broad cross-section of companies of all sizes 
as well as a wide range of industries involved in the 
development of mechatronic products. A total of 125 
people took part. 

1.1  The companies

Sectors and company sizes
The circle of participating companies is broadly diversi-
fied across many industries, as Figure 1 shows. Similar-
ly to the last two studies, more than half of them are in 
the fields of mechanical & plant engineering and auto-
motive & traffic engineering. The next largest groups 
are electrical engineering / electronics, measurement &  
automation technology and consumer goods electro-
nics. The services in the area of product development 
represent the third largest group of participants with 
10 %. The results show that the survey also addressed 
the correct target group, companies in the field of me-
chatronics development, and that there is a cross-sec-
tor interest in agile development. Data from compa-
nies that produce purely software products were not 
included in the evaluation.

The distribution by company size of the participating 
companies is shown in Figure 2. As in previous years, 
the categories are divided into four groups: small and 
medium-sized enterprises (SME, < 250 employees), 

large enterprises (< 5,000 employees), corporations  
(< 50,000 employees) and large corporations (> 50,000 
employees).  Comparable to the last study, most parti-
cipants are employed in large companies. The share of 
SMEs has decreased slightly compared to last year. In 
contrast to the 2019 sample, almost half of the partici-
pants work in (large) corporations. 

Figure 1: Distribution of sectors, n = 125

3 % IT & Telecommunication

3 % Medical engineering

5 % Consumer goods electronics

6 % Measurement & Automation technology

9 % Others

10 % Services

10 % Electrical engineering / Electronics

22 % Automotive & Tra�c engineering

30 % Mechanical & Plant engineering
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13 % Large corporations.

34 % Corporations
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17 % SME

Figure 2: Distribution of company sizes, n = 125 
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•Most participants have 3 - 5 years of experience with agile development.

Despite a modular product architecture, dependencies often remain in the 
development of physical products. 

Most participants are employed in the development department, but are not 
tasked with development themselves.
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The results indicate that agile development is beco-
ming increasingly interesting for larger companies. It 
is also apparent that agility is relevant for companies 
of all sizes and that it is not a limiting factor. Further-
more, the data are a representative cross-section of the 
industry in the DACH region (Germany, Austria, Swit-
zerland).

Implementation and experience
Agile development in mechatronics is no longer new - 
it has already been used by several companies for quite 
some time. Figure 3 shows the current state regarding 
the implementation of agile working methods and thus 
the related experience of the companies. A distinction 
is made between software development, embedded 
software development and the development of physi-
cal products. In this illustration, the implementations 
in all three development areas are explicitly depicted 
in order to show the differences in the degree of matu-
rity between the areas, as explained at the beginning. 
The application maturity is divided into the following 
phases:

• Piloting describes the implementation of one or 
more pilot projects in which the application of agi-
le development is used for the first time.  

• In the establishment phase, first pilot projects 
have been successfully implemented and agile 
development is rolled out to further development 
projects, programs, or product lines.  

• The term implementation describes the complete 
adoption in the respective area, i.e. agile develop-
ment has become the standard procedure in the 
respective area. 

It can be seen that agile development has become a 
standard procedure in software development for a 
quarter of the companies, but only for an eighth in the 
development of physical products. In physical product 
development, half of the companies are still in the pilot 
phase. This is in line with the results of recent years - an 
entry into physical product development is usually pre-
ceded by several years of experience in software deve-
lopment. The embedded software development as 'in-
termediate step' is therefore also numerically between 
the software and the physical products - an expected 
step, since here besides the differences in the actu-
al content also the so-called constraints of physicality 
appear for the first time. These designate the physical 
form of products and the associated challenges (regar-
ding production time, effort, costs, etc.), and are descri-
bed in more detail on the next page and in chapter 4.

This year's survey also asked about the companies' ex-
perience with regard to agile development (Figure 4). 
This makes it possible to understand how long it takes 
companies to go through the individual phases from 
piloting to implementation. It can be seen that the 
duration of experience correlates with application ma-
turity - companies have been dealing with the topic in 
software the longest. Overall, the average experience 
is between three and five years.
In the area of physical product development, a mode-
rate 15 % of companies that have been working on the 
subject for more than ten years stand out. The partici-
pants of these companies stated that they have been 

Implementation

Establishment

Pilot phase

Physical
products

Embedded
Software

Software

27 %

48 %

25 %

41 %

43 %

16 %

51 %

37 %

12 %

Figure 3: Implementation of agile development in the company 
staggered by product shares, n = 87, 81, 101
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Figure 4: Experience of the companies with agile development by duration of application, n = 122, 122, 122
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working on the topic of agility in the areas of software 
and embedded software for quite some time as well. 
The rest of the field have merely begun a few years ago.  

1.2  The products

In addition to the company-specific data, it was inte-
resting to learn how the companies design their pro-
ducts in terms of product structure, as well as to take 
a closer look at their construction methods to better 
assess the physicality of the products. 

▶ Physicality here means the physical part of a mecha-
tronic product, in contrast to the 'virtual' parts of a pro-
duct made of (embedded) software. This differentiation 
feature, which does not exist in software development, 
was first addressed by Nis Ovesen in his dissertation in 
2012. Ovesen summarized the associated challenges for 
agile development under the term 'constraints of physi-
cality'.
 
 

To address this, the participants were asked what pro-
portion of software, embedded software and hard-
ware a typical product from their portfolio has. Based 
on the information provided by the participants, an 
average distribution of the product shares was cal-
culated, see Figure 5. Interestingly, the physical share 
accounts for slightly more than half. Based on this in-
formation, it can be verified that the products are in-
deed mechatronic. It should be mentioned that this is 
an average value of all data sets. The individual figures 
vary, but purely physical or purely software products 
are not developed by the participants in the study.
 

To better understand the products being developed, 
we delved deeper into their product design. Figure 6 
shows that nearly 90 % of the products are developed 
in modular design, almost half being predominantly or 
completely modular. The integral design is also found 
in many products (83 %), whereas only about one third 
of them are predominantly or completely integral. In 
the majority of the products, both modular and inte-
gral design are used to some extent, however, more 
were found to be modular. 

A further aspect of the investigations was the indepen-
dence of the modules. Here, only those products were 
included which, according to the information provided 
by the participants, have a modular design. Here it can 
be seen that less than one third of all products descri-
bed as (partially) modular have mostly or completely 
independent module components, as Figure 7 shows. 
In contrast, more than two thirds of all products descri-
bed as modular have more or less strong interdepen-

Figure 7: Independence of the modules with modular product structure, n = 83

43 %19 %8 % 19 % 10 %

71 % 29 %

dependent rather dependent half / half rather independent independent

Figure 5: Distribution of the typical product shares, n = 120

Physical shareEmbedded software

Software 53 %

24 %

23 %

Figure 6: Product structure, modular: n = 90, integral: n = 91

Modular

Integral

42 %47 % 11 %

30 % 53 % 17 %

(rather) a�rmative half / half (rather) negative
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dencies between the modules. These dependencies 
are especially characteristic for physical products, but 
from an agile point of view they are nevertheless a hin-
drance to a responsive way of acting.

1.3  The participants 

After having gathered information about the compa-
nies and their products, the third part of this study deals 
with the individuals who have taken part in the survey.  
Figure 8 shows the position of the participants in their 
respective companies. The form of presentation refers 
to the hierarchy in the organization - a good mix is 
achieved. It is noticeable that 27 % of the participants 
have an advisory in-house function as agile coaches or 
internal consultants. More than a quarter of the parti-
cipants stated that they have a high degree of respon-
sibility in their function as (senior) department head or 
managing director / board member, and half of all par-
ticipants have leadership responsibility. At 3 %, exter-
nal consultants are the smallest group of participants.

As in previous years, we also look at the participants' 
main focus of work in Figure 9. We were able to gain 
a deep insight into the product developments of 
the participating companies since 80 % of the parti-
cipants are working in the respective field. Many 
practitioners have contributed their knowledge and 
experience to this study. Occasionally, people from 
other areas adjacent to development also took part, 
demonstrating that the agile development philo-
sophy is of interest in areas beyond development.  
Chapter 5 describes the areas in which agility has alrea-
dy been introduced in companies and where it is plan-
ned to be introduced in the future.
For the first time, we also recorded the personal know-
ledge level of the participants in this survey (Figure 10). 
It is interesting to relate the level of experience of the 
company in terms of agile development to the personal 
experience of the individual. The majority of the par-
ticipants have already been working with the topic of 
agility for three to five years. This shows that the ma-
jority of the participants in this survey are also 'early 
adopters' (people who promote a certain technology or 
something similar at an early stage) in their companies. 

Figure 9: Work focus of the participants, n = 125

Figure 8: Position of the participants in the company, n = 125

Figure 10: Participants' experience with agile development, 
n = 125

7 %

18 %

54 %

15 %

6 %

>10 years6-10 years3-5 years1-2 years<1 year

3 % Consultant / External advisor

27 % Agile coach / Internal advisor

19 % Developer/ Employee

23 % Project and group manager

20 % (Senior) Head of department

8 % Managing director / Board member

1 % HR

1 % Production

2 % Consulting

2 % Sales

5 % Board of management

9 % Project management

60 % Development

20 % Pre-development/Research
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2  Understanding

The evaluation in the perspective 'Understanding agile 
product development and its impact' is structured as 
follows: 

• Associations and aims of agile development
• Perceived benefits
• Impact and workload

2.1  Associations

In order to be able to understand which aspects the par-
ticipants associate with the term 'Agile Development', 
three adjectives should be mentioned that best descri-
be the term. The result can be seen in the word cloud 
(Figure 11).  Only those terms are listed here that were 
mentioned by at least two people. The respective size 
of the terms reflects the frequency of their mention. 
  

The adjectives flexible, transparent, and customer-ori-
ented were mentioned by about a quarter of all parti-
cipants. It should also be emphasized that even adjec-
tives with negative connotations such as demanding, 
elaborate, or complex can be found several times. A to-
tal of 94 different adjectives were named. Even though 
this diverse understanding is not a fundamental prob-
lem per se, it still bears the risk of misunderstandings.
 
Agile development is, analogous to plan-driven deve-
lopment, a development philosophy that is applied un-
der certain conditions. The participants were therefore 
asked to select the three most important overarching 
aims of agile development from the list of aspects 
shown in Figure 12. The overwhelming majority of par-
ticipants agree that an improved response to change  
and uncertainties as well as the design of products with 
optimal customer value are the two most important 
goals. The third most frequent aim was the reduction in 
development time with 38 %. 
 

•Two thirds of the participants state that working in an agile way makes every-
day work easier.

The experience of the company and the individual user is a decisive factor in 
the application of agile working methods.

The perceived benefit of agile methods has been confirmed over the years.  

Figure 11: The most frequent associations with agile development, up to three mentions possible, n = 95
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To date, however, studies show that the use of agile 
process models has not yet guaranteed a reduction in 
development time (see Figure 15).

2.2  Benefits

The following part focuses on the benefits of agile 
process models. Here, we differentiated between the 
benefits for administrative activities, i.e. organizing or 
coordinating, and the operational benefits, i.e. the ac-
tual development. The results are shown in Figure 13 
and 14. The aspects had to be rated on a 5-point Likert 
scale (1 = very small benefit to 5 = very large benefit). The 
results of the averages show a very clear picture: The 
mean value for administrative activities is 3.10 in con-
trast to 3.88 for operational activities. Looking at the 
distribution of the answers, the participants attribute a 

significantly higher benefit to agility on the operational 
side. On the administrative side, the answers are rather 
evenly distributed and no clear tendency towards one 
side can be seen.
 
In order to understand how the recognizable effects on 
the company's product development performance are 
affected, Figure 15 shows the information about the 
perceived benefits of agile development. The corres-
ponding values from the studies of the last two years 
are also listed. Overall, it can be seen that the mean 
values of agreement on the 5-point Likert scale have 
increased. No significant deviation from previous years 
can be deduced. However, a low value does not neces-
sarily mean that the effect does not actually occur, but 
rather that only a few people are currently able to re-
cognize this effect.
Clear approval can be attributed to the most highly 
rated aspects of improved team-internal communica-
tion, increased flexibility, increased reaction speed and 
increased transparency. These aspects were also rated 
relatively high in previous years, but this year they were 
rated to be even more beneficial by a few percentage 
points. In the hard controlling KPIs, the trends are ana-
logous to those of previous years: Improved product 
quality and a shortened development time are conside-
red moderate, while benefits in terms of reduced de-
velopment costs are rated rather low on average. The 
results indicate that the benefits of agile development 
cannot be measured with the classic key performance 
indicators (KPIs) for the majority of participants as of 
now. 

Figure 12: Aims of agile development, multiple answers possible,  
n = 106

11 % Sustainable use of resources

12 % More even utilization of the employees

12 % Reduction of development costs

15 % Process simpli�cation

19 % Increase in employee attractiveness

21 % Quality improvement
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72 % Design of product with optimal customer value

78 % Improved response to change and uncertainties

Figure 14: Benefits for operational activities, n = 105Figure 13: Benefits for administrative activities, n = 105
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2.3  Impact and workload 

The effects of the application of agile process models 
on daily work routine are shown in Figure 16. Slightly 
more than two thirds of the participants stated that 
their work is made easier or significantly easier by wor-
king in an agile way. Only 17 % of the participants see 

this as an additional burden. The results thus express 
a predominantly positive basic attitude of the partici-
pants towards agility. Although the daily work routine 
tends to be influenced in a positive way, difficulties in 
implementation are recognizable. In addition, the per-
ceived degree of difficulty is also a criterion that must 
be used for the acceptance analysis. 

Figure 15: Perceived benefits of agile development on average,  2020: n = 105, 2019: n= 73, 2018: n=61
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Figure 17 shows the difficulty of the application depen-
ding on the personal experience of the user. Two thirds 
do not consider the application of agile process models 
to be difficult. The results also show that the applica-
tion becomes easier over time - working in an agile way 
is a learning process. This statement is relevant as it en-
courages companies that have only recently started to 
implement agile working methods and encounter ini-
tial resistance within the team or organization to con-
tinue with the implementation. Once the not always 
straightforward, so-called cultural change has taken 
place, the new way of working proves to be advanta-
geous.

The information on the degree of difficulty in the ap-
plication was also analyzed in terms of the position of 
the individual within the company. The corresponding 
results are shown in Figure 18. Here it is noticeable 
that people in management positions as well as em-
ployees find that their work is rather or a lot facilitated. 
In the case of project / group leaders, there is a broa-
der spread in the answers: participants from middle 
management positions tend to be at strife. This could 
be due to complex interactions in the hierarchies, i.e. 

their responsibility towards their employees as well as 
their superiors. For more clarity on this, further inves-
tigations must follow. One striking finding is that the 
consultants and external advisors are in agreement: In 
their eyes, an agile approach facilitates the work signi-
ficantly.

Figure 16: Individual impact of agile development on the daily work, n = 103

Figure 17: Level of difficulty in the application of agile process models 
depending on the experience of the user, n = 114

Figure 18: Individual impact of agile working depending on the positi-
on of the participant, n = 99
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3  Application

Agile process models have been used in physical pro-
duct development for a relatively long time. In additi-
on to the pure application, we have also taken a closer 
look at the corresponding boundary conditions in this 
chapter. It is divided into the following topics:
 
• Current state and future application of agile 

process models
• Decision criteria and features

3.1  Current state and future application

Figure 19 shows the most frequently used process mo-
dels, each with the corresponding values from the last 
two years. The trend of the 'classics' continues: Scrum, 
Kanban and Design Thinking are the most frequently 
used. Scrum has become a quasi-standard at 90 %. The 
use of Kanban has increased significantly in recent ye-
ars: from 54 % in 2018 to 75 % this year. Design Thinking 
is used by over half of the participants. Software-spe-
cific process models (TDD, FDD, AM, XP) are only used 
sporadically. An interesting finding is that there has 
been a rapid increase in in-house process models: from 
11 % in the previous year to currently 39 %. This puts 
them already in fourth place.
The extent to which adaptations to the process mo-
dels are necessary for the companies is shown in  
Figure 20. Here, a distinction is made between not 
adapted at all (by the book) and very much (complete 
adaptation), depending on the degree of necessary ad-
aptation of the methodologies to the company's own 
context. It is noticeable that only 2 % of all companies 
use the process models without any adaptations, i.e. 
according to the 'textbook'. Conversely, 70 % of the 
companies have to make moderate to very strong ad-
aptations of the agile methodologies. The results in 
this study show that a sole adoption without adapta-
tions is not appropriate for mechatronics.

  

▶ According to the latest edition of the Scrum Guide 
(2017), the founding fathers write that the methodology 
can now be used in other areas such as physical product 
development, but at the same time it should only be 
used as described in the guide, otherwise "the result (...) 
is no longer Scrum". However, the apparent discrepan-
cy to the 'Agile Manifesto' written by the same authors, 
which places reaction to change above strict adherence 
to a plan and propagates a regular adaptation of beha-
vior, raises questions.

Figure 19: Process models used, multiple answers possible, 2020:  
n = 117, 2019: n = 151, 2018: n = 228
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•The majority of participants adapt the process models extensively. 

The share of classical projects is decreasing. 

Only one third of all managers set an example in leading according to the 
principle of 'servant leadership'.
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To show the current degree of penetration of these 
methods into development projects, Figure 21 displays 
the shares of different project types. The data from last 
year for agile, hybrid and classical product develop-
ment projects are shown for comparison. It can be seen 
that the share of classical development projects decre-
ases over the years, but nearly half of all projects are 
carried out in this fashion. In addition, it can be seen 
that the share of agile projects has decreased compa-
red to the previous year. Simultaneously, a significant 
increase in hybrid projects can be observed. A change is 
emerging, yet for many participants a hybrid approach 
in mechatronics appears to be more appropriate than a 
purely agile approach.

In order to take a look into the future, the partici-
pants were asked about their projected estimation of 
future applications of agile methods. Figure 22 illust-
rates the prospective application of agile process mo-
dels, ergo what percentage of development projects 
should be carried out in an agile manner in the future 
(based on the current assessment, see Figure 21). It 
can be seen that the percentage of projects inten-
ded to be implemented in an agile manner increases 
correspondingly to the increase in the previous year.  

The comparison to the previous year is interesting here: 
The bar shown in yellow in Figure 22 corresponds to 
the 37 % share of agile projects forecast in the previous 
year. The actual value is also marked yellow in Figure 21 
and is only 20 % - indicating that the forecasted valu-
es have not been reached. As described above, a shift 
has occurred leading to more hybrid projects. Whether 
the forecasted values will be reached in the projected 
3 years, respectively in 5 years, is therefore difficult to 
predict. The current figures indicate that there will be 
a significant increase in hybrid projects. It is, however, 
possible that the application of hybrid projects is a 
temporary or 'interim solution' and that companies will 
switch to purely agile projects in the future. Further in-
vestigations will therefore be necessary in the coming 
years.

3.2  Criteria and characteristics

In the following section, the focus is on the basis for 
decision-making in applying agile working methods in 
project work. Figure 23 shows the decision criteria used 
by companies to decide whether a project should be 
carried out in an agile manner. Here it becomes appa-
rent that the new development share and the change 
rate of requirements are the criteria most frequently 
used. The classification of the project into the 'Stacey 
Matrix' was named third most frequently with almost 
a quarter of all participants. Remarkably, the Stacey 
Matrix has achieved such a high level of awareness 
that it is even used more often than any other metho-
dical support (20 %).

Figure 22: Planned agile share in future development projects, 2020: 
n = 84, 2019: n = 61

Figure 20: Degree of adaptation of the process models used, n = 112 

Figure 21: Percentage of all product development projects, broken 
down by type of approach, 2020: n = 99, 2019: n = 65
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▶ Organizational theorist Ralph D. Stacey may be visibly 
surprised by this result. Although he provided the input 
for the matrix named after him, it was not his intention 
to create a scheme for classifying projects in a volatile 
environment. Stacey is concerned by the topic of com-
plexity in organizations, which is why he developed a  
model that illustrates the different types of ma-
nagement based on the corresponding environment. 
Under clear conditions, best practices can be used, 
whereas under unclear conditions and a high de-
gree of disagreement among stakeholders, the 'zone 
of complexity', as he refers to it, other approaches 
are needed because traditional practices are ineffec-
tive. Specifically in this 'zone of complexity' there is 
enormous potential - for creativity and innovation. 
 
Two further results stand out: 9 % of the participants 
stated that there are no decision criteria for the type 

of project in their company - and if there are, that 
these are not openly communicated. Furthermo-
re, decisions are made on the basis of project cons-
traints and content rather than the people who will 
ultimately work on the project: the team members.  

The criteria discussed are intended to provide the peo-
ple in charge with a basis for decision-making around 
which they can orient themselves. Therefore, in the fol-
lowing section the area of conflict between decision-
makers and self-organization will be examined. Figure 
24 shows who decides whether the project should be  
carried out in an agile, hybrid, or classical manner. Mul-
tiple answers were possible. The results indicate the 
hierarchical path that is common in industrial practice 
- the decision is often made top-down, and the team 
is told how to proceed. The department, development, 
and project management are in charge here. In 27 % of 
the cases, the project team is also involved in the de-
cision - however, in a mere 4 % of cases was the team 
actually allowed to decide how to proceed. Instead, 
several hierarchical levels are typically involved in the 
decision.

Agile development in mechatronics is based on the 
values and principles once formulated in the Agile  
Manifesto for Software Development. According to the 
agile principles, an environment should be created for 
self-organized teams in which they can do their job in 
the best possible way. In order to track how this 'envi-
ronment' has evolved, Figure 25 displays the freedom 
that the teams are currently granted in decision-ma-
king. The results show that most teams are allowed 
to organize absences and define work content indepen-

Figure 25: Freedom of decision for the teams, n = 95 
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Figure 24: Decision makers for the mode of operation, multiple 
answers possible, n = 94
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dently. Setting appointments independently and con-
ducting customer meetings is also the responsibility of 
more than half of the teams. Approval of necessary ex-
penses is currently the responsibility of just over a third 
of the teams. It can be seen that most teams already 
have a great deal of freedom when it comes to team-
internal team matters. In areas that classically affect 
the responsibility of superiors, such as budget or deve-
lopment results, only a small number of teams ejoys the 
freedom to decide in these areas as well. 
 
Another aspect essential for a successful agile transfor-
mation concerns the role of managers. Some approa-
ches go so far as to completely dismantle several hie-
rarchical levels in the system in order to achieve a flat 
hierarchy or even to switch to a completely hierarchy-
free self-organization, as the example of the Holocracy 
demands. In mechatronics, the role of the manager is 
still rather classical, i.e., leading by example, as Figure 
26 shows. Most managers are characterized by profes-
sional expertise. Almost half of the participants agree 
that they can organize themselves and that there is an 
open error culture, but only one third agrees that they 
share responsibility and explain decisions in a transpa-
rent manner. Servant Leadership is a central element of 
agility which has become increasingly important over 
the years. Currently, only 32 % of managers are credited 
with implementing this leadership style. These figures 
appear to be consistent in that only a similar percen-
tage of teams is currently working in an agile manner. 
Adherence to agreed targets is currently still a central 
aspect of corporate culture and is practiced by almost 
three quarters of all managers.

▶ 'Servant Leadership' here refers to a new leadership 
style in which the supervisor or supervisors take on the 
role of a 'servant leader'. The goal is for the manager to 
serve the team members by providing them with the 
best possible support where necessary, rather than dis-
tributing tasks top-down. Working in this style, the re-
sponsibility shifts from the manager to the team mem-
bers to a shared responsibility.

Figure 26: Characteristics of the management style of managers,  
n = 94
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4  Challenges & Solutions

The introduction and implementation of agile working 
methods represents a transformation process that 
bears certain challenges. To specify these challenges 
more precisely, the fourth chapter is divided into the 
following two sections: 

• Challenges and conflicts
• Assistance

4.1  Challenges and conflicts

Companies that manufacture mechatronic products 
are dependent on a variety of factors in their product 
development, as shown in Figure 27. Almost two thirds 
of the participants stated that their companies are 
dependent on external specifications such as audits or 
certifications. This dependency is also found in soft-
ware development, depending on the corresponding 
product, but plays a central role especially in mechat-
ronics development. The following aspects are charac-
teristic of the development of mechatronic products 
due to their physical nature: Waiting times for internal 

or external partners or production times. For over half 
of the companies, prototype production also results in 
strong dependencies, similar to those of suppliers. For 
a certain percentage of the companies (42 %), internal 
specifications such as guidelines or standards also result 
in stronger dependencies. In addition to processes and 
procedures, access to necessary components therefore 
represents a major hurdle for many companies.
 
To explore the challenges that hinder the agile develop-
ment of physical products, we asked participants about 
the three most important obstacles. The summarized 
and grouped results are listed in Figure 28. The under-
standing or preconceived notion of agile development 
was identified as the biggest obstacle at present. By far 
the most frequently mentioned was the so-called 'pa-
radigm perplexity', which refers to the (in-)compatibili-
ty of agile and classical worlds.

▶ 'Paradigm perplexity' describes the clash of different 
views or ways of thinking within a system and the uncer-
tainties that accompany them. In product development, 
the term describes the flow of elements from agile de-
velopment into classical, previously practiced develop-
ment and the resulting confusion among some of the 
people involved (see Ovesen 2012).

Figure 27: Dependencies in product development, n = 98
Figure 28: Obstacles to agile development, multiple answers possi-
ble, n = 87 
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There are sometimes diverging views on the topic of 
agile methods, both from employees and managers. 
The so-called establishment of the right mindset, i.e. a 
corresponding attitude towards agility plays a signifi-
cant role. The ideas of customers who have not worked 
in an agile manner so far prove to be a challenge at 
times. A further aspect, as already mentioned in Figure 
27, is time restrictions due to waiting and manufactu-
ring times for physical components. In addition, physi-
cal restrictions (the so-called 'constraints of physicali-
ty') such as breaking down product development tasks 
into appropriate increments or physical limitations 
(installation space) pose significant challenges for agile 
development. This issue does not arise in software de-
velopment due to its virtual nature. The lack of tools is 
only mentioned by a small percentage of participants 
in this regard. 

The previously mentioned paradigm perplexity due to 
the clash between the agile and the classical world con-
tinues to result in conflicts of social nature. Conflicts 
perceived by the participants are shown in Figure 29 
with reference to the corresponding values from the 
previous year. It is noticeable that many aspects were 
rated slightly lower than in the previous year. The loss 

of power of managers is still considered to be a rela-
tively serious challenge. An increase compared to 2019 
is noticeable in excessive demands on employees, which 
raises questions about the results from Figure 16, re-
flecting on the preponderant relief in everyday work. 
Managing employees through objectives and approving 
decisions on development results are classified as mode-
rate conflicts. These points already appear in Figures 25 
and 26: the results coincide, most participants are abo-
ve the employee level or act as internal consultants. A 
significant reduction compared to the previous year 
is observed in loss of established workflows. A decline 
in the value of one's own knowledge and fear of losing 
their job are seen as less of a challenge as last year.

4.2  Assistance

In addition to the consideration of the challen-
ges and their implications, solutions of the com-
panies will be presented in this section. It is the 
first year that such approaches are included in the 
study. Figure 30 shows the use of certain tools 
and technologies to support or accelerate the pro-
duction of prototypes. Additive manufacturing  

Figure 29: Potential for conflict through the introduction of agile working methods, 2020: n = 94, 2019: n = 77
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(3D printing) is a technology that is already a standard 
in development in many companies. This is similar to 
document-based prototyping using traditional me-
thods. The creation of vertical prototypes, i.e. the de-
piction of a reduced product scope or only a specific 
function, is common for half of the companies. Simi-
lar results are found regarding virtual prototyping, i.e. 
the use of digital tools. Originally intended for analysis 
purposes, digital models also serve the prototypical vi-
sualization of product artifacts. A rather novel form of 
prototyping, mainly driven by the use of Design Thin-
king, is prototyping with fast processible materials like 
paper, styrofoam, or similar. One third of the compa-
nies are already increasingly using these methods. As 
far as digitization is concerned, the use of relatively 
new digital technologies such as augmented and vir-
tual reality or digital twins (digital data models) is not 
yet the norm - only a quarter of the companies are 
using them. Even visual samples, surface models and 
'fake prototypes', i.e. concept confirmations without 
technical mechanisms of action, are not yet part of the 
standard repertoire for most companies. Digitization 
still holds enormous potential for use in mechatronics 
development.

Another aspect that was examined is the use of digi-
tal tools to support project work, especially require-
ments and project management, as shown in Figure 
31. The goal of this section was to determine which  
IT tools are used and in what respect they support the 
development process. All in all, it can be said that de-
spite the broad tool landscape, there are a select few 
used by the majority of participants. The most broadly 
accepted are Jira and Microsoft Office. 93 % of the par-
ticipants consider the use of Jira to be helpful. CodeBe-
amer, Polarion, Integrity, and Team Foundation Server 

(now Azure DevOps Server), were only evaluated by a 
small number of people. It is important to note that 
none of these tools is perceived as a hindrance, most 
consider these programs to be helpful. DOORS, on the 
other hand, is only perceived as helpful by half of the 
participants, more than a quarter even consider it to 
be a hindrance. The programs from the Office packa-
ge received only 59 % approval, but also only a 6 % 
rejection rate. It must be mentioned that most of the 
participants (81 people) voted on the Office packa-
ge, and from the point of view of some participants, 
it does not have any advantage or disadvantage, es-
pecially for requirements management. Furthermo-
re, the Office package includes a variety of programs 
that could not be voted separately in the survey.  
The influence of nearly all IT tools presented is percei-
ved as non-inhibiting by the participants, in fact, most 
of them are found to be helpful for the majority of par-
ticipants.

Finally, Figure 32 shows the measures a company can 
take to actively promote agile development. In this 
section, participants were able to name them free-
ly and the results are summarized in categories. The 
measure confirmed by all participants without excep-
tion is knowledge transfer. This includes training for 
employees and managers alike. Another aspect that 
was mentioned repeatedly is coaching as an internal 
knowledge transfer or through external consulting. 
The exchange of experience, for example with other 
companies or partners, is also considered very impor-
tant. 39 % of the participants also consider immateri-
al support, referred to here as corporate culture, to be 
very helpful. Among other things, this includes an open 
error culture, allowing for mistakes and failures, and 
the expression of trust in employees - 'employee em-

Figure 31: Support by IT tools  
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powerment' is the keyword. Those who are 'allowed' to 
make mistakes and enjoy a certain amount of security 
from their superiors are also willing to take unconven-
tional paths or try out new ideas. More than a quarter 
of the participants also mentioned factors that can be 
summarized under the term supporting measures. The-
se include aids such as software and hardware tools as 
well as methodological tools such as a Kanban board 
or the establishment of an innovation hub. A further 
measure is the provision of sufficient resources, eit-
her in terms of manpower or appropriate premises in 
which separate work can be carried out. Active change 
management is also cited by almost a quarter of the 
participants. This includes the intentional introduction 
and establishment of agile working methods with sup-
port from the management team. This is followed by 
the implementation of pilot projects, as this allows the 
first experiences with the topic to be gathered.

Figure 32: Support to promote agile working methods, multiple 
answers possible, n = 74
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5  Scaling

Since scaling has been identified as an increasingly im-
portant aspect of agile development of physical pro-
ducts in recent years, this study examines scaling as 
an independent research block for the first time. The 
chapter is divided into the following sections: 

• Understanding of the concept of scaling and chal-
lenges in this context

• Application and adaptation
• Fields of action and inclusion of further areas

5.1  Understanding and challenges

As soon as agile development goes beyond the appli-
cation of dedicated agile methodologies in indepen-
dent teams, one speaks of scaling agile workflows. In 
business practice, this includes a broad spectrum of 
characteristics. In this section we will illustrate what 
the participants understand by the term scaling. The 
results are shown in Figure 33 and present a complex 
picture. The central element of agile scaling is the colla-
boration of agile teams within or across organizational 
units. Half of the participants see both aspects as cha-
racteristic of scaling. Only 15 % define agile scaling as 

a multitude of agile teams working independently of 
each other. 38 % of the participants even go beyond the 
collaboration of agile teams and refer to scaling as agile 
organizational structures. In addition, a quarter of the 
participants associate the entirety of projects being of 
agile nature, including agile management structures, 
as characteristic of agile scaling.
The results show that the term 'scaling' is not defined 
clearly in practice and different aspects are strongly in-
terrelated. The central characteristic is the cooperati-
on of agile teams, characterized by interdependencies. 
These dependencies are an essential part, which is why 
agile scaling goes beyond the independent application 
of agile methods in several teams. Other forms of sca-
ling include the comprehensive conversion of develop-
ment teams to agile working teams and the adaptation 
of management structures as a step towards an agile 
organization. 
 
In order to specify the challenges of agile mechatronics 
development in scaling, the answers of the participants 
are summarized in Figure 34. Here, participants had the 
opportunity to freely name challenges they associate 
with scaling or that they have experienced themselves. 
The communication between self-organized and au-
tonomous agile teams as well as their coordination is 
the biggest challenge, named by 75 % of participants. 

Figure 33: Understanding of agile scaling, multiple answers possible, n = 111
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This often included coordination and synchronization 
problems and the resulting increased communication 
effort. This, in turn, leads to a reduction in project speed. 
43 % of the participants cited a lack of understanding 
and incorrect implementation as difficulties of agile 
scaling. When roles and responsibilities are unclear, 
the connection to classical structures and processes 
causes frictional losses and the agile principles are not 
consistently adhered to. Some participants also stated 
diverging prioritizations between divisions or a lack of 
objectives. 18 % of the participants are also confronted 
with problems regarding a lack of knowledge exchange 
or insufficient resource allocation (need for available re-
sources). 

5.2  Application and adaptations

Since agile development in software applications is 
ahead of that of physical products, the challenges of 
scaling have been known in software for quite some 
time. Agile scaling frameworks have already been de-
veloped in response to this. Interestingly, some of the 
frameworks do not limit the applicability to software 
development, but emphasize the broad applicability, 
including in the development of physical products. 

The extent to which scaling frameworks are used in 
mechatronics development is shown in Figure 35. It 
can be seen that 56 % of the participants already sca-
le using such frameworks, while the remainder do not 
(yet) scale. Of the companies involved in this study 
who are currently scaling, 72 % use aspects from SAFe, 
51 % use parts from LeSS and 31 % use elements from  
Scrum@Scale. Aspects from Nexus and DAD are used 
by 13 % of the participants. In addition, 35 % of the sca-
ling participants state that they use other frameworks 
or combinations of those previously mentioned.

▶ The frameworks differ significantly in development 
structure characteristics. While SAFe extensively defines 
the resulting business organization and structures, most 
other frameworks use rather basic scaling principles. 
Apart from DAD, all scaling frameworks are based on 
Scrum. DAD differs in that it provides a variety of ele-
ments of other methodologies in a so-called toolkit and 
suggests possible options. The preference for SAFe could 
indicate an initial need for predefined structures and 
practices in the implementation of scaling, as individual 
experiences are not yet available. The predefined struc-
tures are also reminiscent of the familiar development 
procedures of sequential development models.
 
Figure 36 shows that two thirds of the participants use 
only one dedicated framework. 15 % combine two dif-
ferent scaling frameworks and 20 % of the participants 
state that they use (aspects of) at least three different 
scaling frameworks. This result indicates that the exis-
ting scaling frameworks, originally designed for soft-
ware development, have methodological gaps for the 
context of physical product development - and must 
be adapted accordingly. The participants compensate 
for this by combining different frameworks or different 
elements of them. These new combinations suggest 
that the components of scaling frameworks can also 
function as individual blocks and not only in the holis-
tic application of the frameworks.
 

 

Figure 35: Scaling share and frameworks used, multiple answers 
possible, n = 72 Figure 36: Combination of scaling frameworks,  n = 72
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Figure 34: Scaling challenges, multiple answers possible, n = 44
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As displayed in Figure 37, only 18 % of the partici-
pants do not adapt existing scaling frameworks 
at all or only to a small extent. The remaining  
82 % make significant changes to the scaling frame-
works and 18 % of them have completely adapted 
the original structure. Although the existing scaling 
frameworks from software development are used ex-
tensively, they do not fully meet the requirements of 
mechatronics development. Compared to the degree 
of adaptation of the agile methodologies in Figure 20 
(see chapter 3), it is noticeable that scaling frameworks 
require significantly more adaption.  

▶ The results indicate that the development of physi-
cal products has constraints that are not addressed in 
existing scaling frameworks. Based on the high percen-
tage of participants who significantly customize the 
frameworks, it is obvious that the development of phy-
sical products is more heterogeneous. A broader deve-
lopment context is required, in summary, it can be said 
that scaled agile development in mechatronics requires 
extensions and additions to existing frameworks.

5.3  Fields of action and inclusion of additional areas

The scaling of agile process models in the development 
of physical products requires adjustments both directly 
in the product development and in the organizational 
structure and affects a wide range of business proces-
ses. More than 80 % of the participants rate adjust-
ments in the management culture, organizational lo-
gic, product integration, and collaboration of agile and 
non-agile organizational units as important (see Figure 
38). To achieve this, the management culture must be 
further developed towards self-organized teams with 
shared responsibility between managers and teams 

(see Figure 26 in chapter  3). Corporate organizational 
structures require adjustments in terms of roles, affi-
liations, and hierarchy. Complex product integration 
and securing physical products requires fast feedback 
loops and cross-departmental collaboration. Further-
more, the collaboration of agile and non-agile organi-
zational units must not be jeopardized by inconsistent 
interfaces or process-specific differences. 
Almost three quarters of participants see the need for 
adaptations of the product architecture. This architec-
ture is the central lever to avoid resulting dependen-
cies between development teams already in the con-
cept phase. A re-evaluation of the impact of product 
architecture, including the organizational constraints, 
appears to be necessary. Both HR and IT processes are 
relevant, supporting processes that are necessary to 
enable scaled agile development of physical products.
 
The expansion of agile working methods within the 
organization or across multiple teams also requires ap-
propriate support measures. As Figure 39 shows, the 
participants agree that management commitment is 
highly relevant for a successful agile transformation. 
Apart from this, the aspect of active learning support 
through training is also advocated for by the vast ma-
jority. Working according to agile methods is new and 
therefore unfamiliar to many people, creating the need 
for appropriate training. 
Another helpful aspect is the implementation of a 
transformation project to take the participants 'on the 
road' and help them get started. For such endeavors, 
advice or coaching by third parties is advocated for on 
top of the previously mentioned additions. The trans-
formation of structures and processes raises questions 
that need to be answered. If these questions go unans-

Figure 38: Relevance of adaptations for scaling, n = 71
Figure 37: Degree of adaptation of the scaling frameworks used, 
 n = 40
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wered, uncertainty often turns into obstructive resig-
nation or rejection.

To conclude the chapter on scaling, we want to high-
light in which divisions of the company agile approa-
ches are being used. Figure 40 clearly reflects a concen-
tration of agility in product-related departments. 76 % 
of the participants in research and pre-development 
have already implemented agile work or are in the 
process of doing so, another 18 % are planning to im-
plement it, and a mere 6 % do not plan to implement 
agile work. In production, 51 % are already working or 
planning to work with agile approaches, while ma-
nagement is at 46 %. Outside of these divisions, the 
percentage of non-agile working areas (i.e. not planned 
either) continues to increase from HR (60 %) to legal  
(87 %). From this data it is clear that agile working me-
thods are slowly spreading from development, ma-
nagement, and production to the other divisions of a 
company. 

The results of the coming years will ultimately show 
whether all company divisions will work in an agile 
manner. 

Figure 39: Relevance of assistance for scaling, n = 73
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Study design
As in previous years, the data presented in this study was collected through a publicly accessible online survey. The 
questions were asked in German in order to reach the target group in the DACH region (Germany, Austria, Switzer-
land) and avoid translation issues or comprehension difficulties. 
The survey was comprised of 48 questions divided into five topics analogous to the presented chapters. In 
comparison to the previous year, attention was paid to providing an appealing and modern layout of the sur-
vey due to its greater scope. In addition, short introductory texts in the individual sections were added with 
the intention of improving the reading flow. The survey was rated 'rather interesting' on a 5-point Likert sca-
le with an average score of 3.47. To the joy of the team of authors, not a single participant disliked the survey.  
Compared to previous years, the proportion of questions in the demographics section has increased to obtain a 
clearer picture of the level of knowledge of the companies and individual participants. Another change is that the 
previously used 'survey of choice' feature, where participants only select topics that are of interest to them, has 
been omitted to avoid a small population in certain question blocks. For the same reason, no more timeboxes have 
been included.  The average time required to answer the questionnaire was 25 minutes.

Distribution
The survey was open from October 2019 to early January 2020. The link to the survey was shared with personal 
contacts and participants of previous surveys via e-mail. Furthermore, the survey was distributed via the newsletter 
of the VDI (Association of German Engineers), on LinkedIn, Xing and special Facebook groups. A total of 125 people 
voluntarily took part in the survey independent of, and without support from, the authors.  

Evaluation and illustration
In order to provide the reader with as broad an overview as possible and an easy introduction, the evaluation of the 
study and the presentation of the results were mainly descriptive. The respective number of responses is indicated 
below the corresponding figures. The response option 'no answer' and missing information were excluded from the 
calculation of percentages and the number of responses. Figures have been commercially rounded to the stated 
values. Accordingly, slight deviations may occur when adding up the various results. For the sake of clarity and to 
avoid confusion we have refrained from showing percentages of less than 10 % in some graphs. A corresponding 
explanation is provided in the text for each figure.  ▶ Comments by the authors have been marked as such.
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Agile development of physical products

In the development of mechatronic products, agile development has been playing an increasingly important role for 
several years now. This series of studies has been investigating the progression of agility in the DACH region since 
2018. In the present 2020 edition, the focus is on the topics of understanding, application, challenges and solutions, 
as well as scaling. As in previous years, the results of this study are based on the statements of practitioners from a 
wide range of industrial companies who participated in an online survey. The study describes both quantitative and 
qualitative results from industrial practice.
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