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Abstract

Manufacturing companies are increasingly integrating agile approaches into their development processes. This is expected to improve customer
integration, enhance responsiveness to changes in the development context and ultimately lead to improved process and product quality. However,
since agile approaches mostly originate from the culture of software development and have been formulated on the basis of observations of
successful software projects, new challenges arise in the application of these approaches in physical systems development. Often the approaches
fail due to false expectations or lack of acceptance, which causes agility not to be deeply integrated into the processes. For this reason, this
contribution presents an understanding of the current state of acceptance of agile working and the expected and perceived added value of using
agile approaches in practice. Based on this understanding, future research will develop a systematic by means of which agile elements can be
introduced into development processes in a way that is appropriate to the situation and needs, thereby increasing acceptance and perceived added
value. Since it is empirical research, which analyses real-world processes, a survey was chosen as a suitable research method. 235 participants
from different branches in the area of physical product development in Germany participated. The results were analyzed using usual statistical
methods. An assumption that there are discrepancies between strategic and operational views on agile working could not be confirmed. However,
optimization criteria in the area of acceptance of agile approaches were identified. The research contributed to the understanding of the current
performance level in the field of agile development of physical systems. The identified potentials in the area of acceptance and perceived added
value in agile work can now be measured specifically for each individual application and realized with suitable methods, what contributes to
a sustainable integration of agile methods into the development processes.
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1. Introduction and Background: Agile Development

The transition from the development of physical products to
the development of product service systems as a combination
of technical system, service and business model has signifi-
cantly changed product development [1]. For example, the fact
that technical systems operate during their utilization phase in
a superordinate System of Sytsems (SoS) [2] makes validation
significantly more difficult [3]. Furthermore, not only the clas-
sical domains of mechatronics are involved in the development
[2]. In order to remain reactive to changes in the development
context, manufacturing companies are increasingly introducing
agile approaches to their development processes [4]. However,
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since these approaches originate from software development,
they lead to new challenges [S]. In order to make the introduc-
tion of agile approaches sustainable, this contribution derives
an understanding of the existing status in practice regarding
acceptance and perceived added value of agile work.

Agile approaches are mostly based on the agile manifesto,
which was written by several software developers in 2001. It
places the delivered value that software offers to a customer in
the focus of development. [6] The best known agile approach,
which is also used in the development of physical systems, is
Scrum, which was even initially intended for physical product
development [7], but became widely accepted in software de-
velopment [8]. Three values are at the core of the approach:
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transparency, review and adaptation, which are implemented
through different roles, events and artifacts in the development
process [8]. Especially the short cyclical planning (usually so-
called 4-week sprints) and the continuous delivery of working
software as well as regular testing and revision are typical char-
acteristics of the approach [8, 9] and at the same time reasons
why its implementation in the development of physical systems
is not possible without adaptation of the approach [5].

Another agile approach, which is widely used in innovation
management, is Design Thinking [10]. It consists of six phases
that can be repeated in any number of iterations [11]. In each
phase a variety of development methods are provided [12].
Central to Design Thinking is to put oneself in the position of
the user of a product. Based on the knowledge gained here, con-
cepts are developed and prototyped in a fast pace. This is fol-
lowed by a test, from which new insights can be gained for a
repetition of the phases. [11] However, the focus of Design
thinking is very much on the integration of product users [13].

In the approach of ASD - Agile Systems Design according to
ALBERS [14], the development of products, the associated val-
idation system and production system is considered integrated.
The approach is based on 9 basic principles for the agile devel-
opment of mechatronic systems [15] under continuous integra-
tion of existing product and process knowledge [16, 17]. The
core of the approach is the provision of selected agile elements
and the integration of these elements into the existing structures
of manufacturing companies. ASD is not a recipe for successful
product development, but rather provides a situation- and de-
mand-oriented combination of flexible and structuring process
elements, depending on the application and the respective goals
of'the developers. [18, 19] This ensures an agile transition, con-
sidering the culture prevailing in the context [20].

In different studies it was determined, how the current con-
ditions of the application of agile approaches are in the practice
of producing enterprises. The spread is mostly limited to indi-
vidual areas in the companies with focus on software develop-
ment as part of the overall system development. However, it
could be determined that the basic working method is seen as
quite positive. Challenges exist especially in a non-uniform un-
derstanding of agility, physical limits of technical systems (and
their effects on production systems and validation systems
[21]) and in dealing with hierarchies. [5, 22, 23]

2. Research Design

In order to successfully introduce agile approaches into the
processes of physical product development and to optimize
them at the right areas, the acceptance of developers regarding
agile work and its relevant criteria are examined. Additionally,
the expected and perceived added value of agility is examined
and compared. The adjustments of a new understanding to
work lead to a field of tension between management view and
developer view [24]. In order to resolve this, the influences on
acceptance and perceived added value of agile work must be
understood especially from these different viewpoints in the
development process. The derived research hypothesis is:
There are discrepancies in the understanding, the actual and

expected added value as well as the acceptance of agile ap-
proaches between participants in the development process who
take the management or the developer view or both views.

If this hypothesis is accepted, it means that discrepancies be-
tween the views lead to conflicts when applying/implementing
agile working. However, if this hypothesis is rejected, then
there must be no particular focus on the interface between stra-
tegic and operational levels in the use/implementation of agile
working. Accordingly, the approaches must be introduced in
line with needs and situations along the needs and culture of
the entire organization.

In order to observe, analyze and understand real-world pro-
cesses and challenges, an empirical study is conducted accord-
ing to the definition of ECKERT ET AL. [25]. Since it is empirical
research, which analyzes real-world processes, the survey was
chosen as a suitable method. It captures the perception and at-
titudes of the participants to predefined questions. It allows a
quantitative approach, which can be analyzed statistically to
derive the findings for a specific group. [26] For these reasons,
a quantitative cross-industry survey is be conducted with par-
ticipants experienced in agile collaboration.

The survey comprised three possible survey routes (appen-
dix A). First, a simple and understandable introduction is pro-
vided by querying demographics D.1-5, understanding and
goals U.1-3. Next in the agile background AB.1-9 are the agile
work experience measured with question AB.1 and the level of
knowledge about agile methods evaluated due question AB.8
are checked to divide the participants into the three survey
paths. The agile experienced participants answer the com-
plete questionnaire with the challenges C.1, the acceptance
A.1-28 and the actual added value AAV.1-8 of agile working
methods. The other participants are divided according to
whether they know agile working or not (AB.8). The partici-
pants with a knowledge of agile approaches, will answer the
area of expected added value EAV.1-8, which is the counter-
part of the actual added value area. The inexperienced partic-
ipants are then finished. The study is oriented in design and
content on the studies from [5, 23, 27].

The study design has been tested by experts from business
(software & hardware background) and science (physical prod-
uct development). This ensures the quality, comprehensibility
and logic of the survey. A freely accessible online survey
should enable the widest possible dissemination. The survey
was distributed via company mailing lists, association mailing
lists and personal contacts via e-mail and direct messaging. Ad-
ditionally, the study was distributed via the newsletters of sev-
eral German Associations. This selection and the study design
ensured that the participants had experience in agile collabora-
tion. A total of 346 people completed the survey in whole or in
part. For the analysis in this publication, 235 participants were
considered relevant and their data was used for the analysis.

3. Results
Firstly, the demographic profiles of the participants and

their understanding of agile approaches are evaluated and pre-
sented. Afterwards the collected data is analyzed by the added
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Associated Adjectives (Top 11)
(N=235)

4

flexible
customer-oriented
communicative
fast

Associated Meanings (Top 7)
(N=235)

... be able to react quickly to unforeseen events.

... to organize yourself within a team.
... deliver concrete results to the customer in short
time frames (in a few weeks).

I
beneficial —m— ... find out what the customer really wants.
elaborate === ... adapt the culture & structure of the
unstructured == company to agile working.
chaotic = . N ... to have direct contact with
(= complicated ™ i customers and end users.
thrifty * N ., - toinvest a lot of time in communication.
i
oy 0% 10% 20% () 0% 5% 10% 15% 20%
Agile Goals (Top 7) Agile Challenges (Top 7)
(N=235) (N=168)
flexible reaction 10 ENViroNMeNt & mrziof:i:";"cizlslm :ia::ri:g'g: I
. requ_"e"_‘ent changes change management towards an agile mindset to overcome
early and continuous validation of results T i from di ional levels, THE—
improved team building & organization I compatibility of agile working with existing process models  IEEEEEE—————
high " tisfacti increased coordination effort with actors
| ; 0 |
igher customer satistaction and teams outside the agile team
. team structure & organization
-to- | (self- i i I
shorter time-to-market ( ganized Py | u
. B scaling of agile approaches to
continuous product improvement I h?gherghieraffmca, levels | NE——
increase the degree of innovation ﬁl loss of control at management level NN
0% 5% 10% 15% 20% l:‘ 0% 5% 10% 15% 20%

Fig. 1 Diagrams for agile comprehension

value and acceptance of agile methods (see Fig. 1). Predomi-
nantly, the study is analyzed by means of descriptive statistics
in order to prepare and clearly present the amount of data using
graphics. Additionally, the applied percentages indicate the pri-
mary selection of participants. The used 5-step Likert scale en-
ables further statistical analysis methods. The summed up mean
values for acceptance, actual and expected added value are fur-
ther statistically evaluated among each other or between the
three views of the development process. For this purpose, the
independent T-test p is used for statistical relevance, COHEN's
d for determining the effect strength and the correlation coeffi-
cients r to calculate the correlation of the hypotheses [30, 31].

3.1. Profile of participants and their understanding of agile

For the evaluation of physical product development, 235
participants from the agile development of physical systems
answered the questionnaires. The average study participant
works in a small- to medium-sized company with up to 5,000
employees (>60%) in the German-speaking area, has more than
10 years of professional experience (>60%) and mainly accom-
panies a position in lower management (>35%) or is a specialist
(>20%). He/She is experienced in agile work with over 1 year
of experience (>50%). In development process the study par-
ticipant takes both views (>44%). The understanding of the av-
erage study participant associates the fast reaction to unpredict-
able results, the self-organization of teams and the delivery of
concrete results in short periods of time to the customer with
agile working. In addition, he/she links the adjectives reactive,
flexible and customer-oriented with agile approaches. This re-
sults in the goals of agile working as flexible reaction to envi-
ronment & requirement changes, earlier and continuous valida-
tion of results and shorter time-to-market for the use. Fig. 1
shows the distribution of the participants' understandings in the
area of agility. In particular, associated adjectives, the associ-
ated meanings, the goals, but also the addressed challenges
were queried, which can all be components of an overall under-
standing. The most commonly mentioned components of agile
work in this study lead to the following understanding: Flexible
reaction to unexpected events in self-organized teams to deliver

regularly validated as well as concrete results to the customer,
so that a shorter time-to-market can be achieved.

3.2. Added value of agile

The added value of agile working methods has a decisive
influence on their acceptance. For this reason, the eight differ-
ent factors from Fig. 2, with the 5-step Likert scale in the study,
are collected and added together to obtain the overall added
value. The mean value of this overall added value is 3.66 for
the actual added value and 3.92 for the expected added value,
which means that the expected added value of agile working
methods is higher than it is in reality. Both values are above the
middle of 3, so regardless of expectations and actual, the par-
ticipants see an added value of agile methods compared to the
previous used approaches. The discrepancy of 0.26 between the
actual and expected added value is confirmed as statistically
significant according to the independent unpaired T-test [28,
29] with p = 0.024. In addition, the calculation of the effect
strength with COHEN's d = 0.391 results in a small to medium
effect. Finally, the correlation coefficient r = 0.192 shows a
small to medium positive correlation. [30, 31] Thus, the ex-
pected added value is statistically significantly higher by 0.26
on average than the actual added value (95%-CI[.03, .48]),
t(198)=2.27, p=.024,d=.391r=.192.

This means that for the representative group, the expected
added value is higher than the real one and that this is statisti-
cally significant, a small to medium effect and positive corre-

Expected vs. Actual Added Value

total added value | —
self-organized working I
increased scope of action & faster reaction time |
improved quality [
improved customer integration |GGG
improved customer satisfaction
improved product development process [
improved handling of complexity [
productivity I
donotagrafheT It oOIEe gre CTTCSTARE

magile expactations (N=48) m agile experience (N=157)

Fig. 2 Participants’ average notion of agile added value and its factors
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lation. This results in a statistically significant discrepancy be-
tween actual and expected added value. Specified on the direc-
tion of the discrepancy it can be stated that the actual added
value does not meet the expectations of agile work. A detailed
analysis of the individual factors in Fig. 2 reveals the following
criteria show the greatest difference between actual and ex-
pected added value and have the greatest potential for improve-
ment (actual added value vs. expected added value):

e Increased scope of action & fast reaction time (A = -0.61)
e Increased productivity (A = -0.59)

e Improved product development process (A = -0.48)

e Improved customer satisfaction (A =-0.36)

When comparing the views on the actual added value, no sta-
tistically significant difference is recognized, but the developer
sees the actual added value of agile work at its highest. People
who occupy both views also reflect the average value of the
other two views. The factors identified by the study with the
greatest differences between the developer and management
view are the following (management view vs. developer view):
e Self-organized working (A = -0.20)

e Improved product development process (A = -0.30)

e Improved customer integration (A =-0.31)

e Increased scope of action & fast reaction time (A = 0.17)
The analyses of this study highlight the factors of increased
scope for action & fast reaction time, self-organized work, im-
proved quality and improved customer integration as the most
important added value factors and thus for agile approaches.

3.3. Acceptance of agile

The degree of satisfaction of the study participants with ag-
ile working is showed in Fig. 3. This discloses a high potential
to optimize it especially in comparison to the personal assess-
ment of the respective opinion and the own acceptance of agile
approaches. This is also reflected in the calculated total value
of the acceptance criteria. One explanation for this is the un-
convincing consequence of introducing agile work approaches.
This reveals one of the decisive factors for good and convinced
application of agile approaches. In the more detailed analysis
of the acceptance criteria in Fig. 4 it should be considered that
the criteria work structure lost, fear of change, method com-
plexity and tuning time expenditure are potentially negative in
nature and therefore inverted, so that their values show the ac-
ceptance impact of agile methods and have a corresponding im-
pact on the overall value of acceptance. Subsequently, five cri-
teria stand out, which are considered to have a high optimiza-
tion potential, due to their low value in the study. These criteria
include the changed direction of work instructions into the
team (3.41) and the cooperation between manager and team

personal assessment of agile acceptance
(N=159; Likert score)

personal opinion
personal acceptance
satisfaction TS
consistent introduction T ————
1 2 3 4 5

Acceptance Criteria
(N=162)

Total points acceptance
Added value score
Personal interest
Meaningfulness
Fear of change
Fun
Role Team
Passportability
Understanding
Work structure lost
Method Clarity
Method complexity
Problems solved
Transparency of work —e—————
Method adaptation
Working instruction (direction) changed
Cooperation with manager / team better
Corporate culture & structure adapted
Satisfaction e————
Method Discipline ————
Higher tuning time expenditure =—
rather not agree agree rather
do not agree partially agree agree

Fig. 5 Acceptance Criteria to agile development

(3.41). These points are directly related to each other. The co-
operation is directly related to the direction in which work or-
ders are given to the team and can therefore be optimized to-
gether. Furthermore, they influence the next factor of ac-
ceptance of agile working, the adjustments of the corporate
culture and structure (3.40). When the values and principles of
agile approaches are implemented in the culture and structure,
this also implies the direction of the work instruction as well as
the cooperation between manager and team. These dependen-
cies can be extended to the fourth factor, the methodological
discipline. If the agile method is implemented in a disciplined
manner, the appropriate adjustments are made in the company.
Finally, the fifth criterion is to identify satisfaction. It depends
on the use of agile approaches and is strongly related to ac-
ceptance. The view comparison for the acceptance value does
not reveal statistical significance. Both views have minimal the
highest value of 3.66, but the values differ only marginally
from the management view with 3.58 and the developer view
with 3.61. These values and the value of all participants with
3.62 reveal the fundamentally positive acceptance of agile
work in the study. Fig. 5 shows the individual factors with the
greatest differences between the views. It becomes obvious that
with adaptability, method clarity, method discipline and
method adaptation, factors directly related to the applied meth-
ods and their implementation become apparent. For a high ac-
ceptance of agile work between the views it is elementary im-
portant that the right methods are used and above all that they
are implemented correctly and consistently. Finally, the study
analyses reveal the criteria corporate culture and structure,

View comparison of acceptance criteria

Total points acceptance

Passportability

Method Clarity

Method adaptation

Cooperation with manager / team better
Corporate culture & structure adapted
Satisfaction

Method Discipline

Higher tuning time expenditure

rather not agree agree rather
do not agree partially agree agree

H both views(N=76) management view (N=56) ®developer view (N=30)

Fig. 3 Participants’ personal assessment of agile acceptance

Fig. 4 View comparison of selected acceptance criteria
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method discipline, direction work instruction, cooperation ex-
ecutive and team as the acceptance criteria, which need a de-
tailed optimization and adjustment. In summary, these can
mainly be integrated into the company-specific adaptations of
methods, organization, communication and cooperation.

4. Conclusion and Outlook

The basis for the measurement was given components of un-
derstandings, but these have already been identified as relevant
in previous studies. For this reason, the statements in this paper
can naturally only refer to this understanding in terms of ac-
ceptance. The sustainable implementation of agile approaches
in the development processes of manufacturing companies is
directly dependent on the acceptance of these approaches by
the employees and on their perceived added value. In addition,
there are different objectives in the use of agile approaches be-
tween the strategic and the operative view on projects. Using a
quantitative study with 235 participants from companies in
Germany optimization criteria in the area of acceptance of agile
approaches were identified: corporate culture and structure,
method discipline, direction work instruction, cooperation ex-
ecutive and team. Furthermore, it was shown that the expected
and real added value in the use of agile approaches diverge.
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Appendix A. Study Questionnaire

773

mainly used so far:

Expectations are: (5-level Likert scale)

Demography Acceptance of agile working |
D.1 Are you a consultant? A1S The introduction of agile working has shifted the responsibility
D.2 How many years of professional experience do you have? ) for setting development goals to the team.
D.3 How many people work in your company A6 I understand the relevance & importance of agile working in the
D.4 In which economic sector is your company active? ) modern work environment.
D.5 In which industry do you work? A.17 I like the easier monitoring of the work performance.
A.18 Agile work does not suit our company.
Pl | Udestandlng of agll w0|n hich A19 | like self-organized & cross-functional teams. (cross-functional
u.l .ease §e ect't et rge most appropriate adjectives which you asso- ' =the team has all the necessary skills to develop the product)
ciate with agile working.
U2 Agile work means for you... (Please choose your top 3 in order of im- A.20 I am interested in how we can continuously improve.
’ portance) A.21 I am rather skeptical about changes at work.
U3 | Please select the three most important goals you think the introduc- A.22 | The team works self-organized and self-determined.
’ tion of agile working should pursue. .
A.23 The development process has lost structure due to agile work
Agile Background A.24 | The agile way of working was adapted to the company.
AB.1 | How long have you been working agile? a5 | Aeile work has solved many problems of the classical way of
AB.2 What was your position in the company before the change to agile ' working.
’ working?
AB.3 Please indicate the field of your expertise: A.26 Please mark your opinion towards agile work.
AB.A Please assign yourself and your tasks in agile product development A27 In your opinion, how consistently was the changeover to agile
’ to either the management or the developer view. ' working carried out?
AB.5 | What is your role in agile working? . .
A.28 How do you rate your acceptance of agile working methods?
AB.6 How was the agile working method introduced? Y Y P € &
AB.7 Do you have experience with agile scaling models?
AB.8 | How much experience do you have with agile work? Expected added value of agile working |
AB.9 Please enter the agile approaches/methods/frameworks you have If we were to introduce agile working methods, my

performance of each team member.

EAV.1 Increased flexibility to meet changing requirements.
EAV.2 | Increased productivity of the team.
c1 | Please select the three biggest challenges you see in connection with EAV.3 | Abetter handling of complexity.
agile working. EML4 Improved integration of the customer into the development
process.
EAV.5 Increased customer satisfaction.
To what extent do you agree with the following statements about agile work- EAV.6 | Animprovement in the product development process.
ing methods? (5-level Likert scale) EAV.7 | Abetter quality of results.
A1l The coordination time required for agile work is less than before EAV.8 | Enabling self-organized work.
with the classic method of working.
A2_| Agile work suits me and my tasks.
A3 | find the methodological guidelines for agile work complex. My actual experiences with agile work are: (5-level Likert scale)
A4 Agile work has created more problems than it has solved. AAV.1 We have increased our scope of action & accelerated the han-
A5 I am satisfied with the way we do agile work. dling of changed requirements.
A The team strictly adheres to the process/meeting guidelines which AAV.2 | We have improved our approach to complexity.
were/are introduced with agile working. AAV.3 We have integrated customers more intensively into the devel-
A7 The corporate culture & structure is the same as before the transi- ' opment process.
tion to agile working. AAV.4 | We have increased customer satisfaction.
i . AAV.5 | We have improved the product development process.
A.8 I can understand that we have changed our working method to agile. - - -
AAV.6 | We have improved the quality of earnings.
A9 The path of a requirement into the team has not changed through AAV.7 | We work self-organized.
agile working. AAV.8 | We have increased our productivity.
A.10 | enjoy working agile.
Al The methodological guidelines for the agile work approach used are
clear to me. F1 If possible, please give one or more reasons why you are not
A12 | find the cooperation between management and the team to be ' working agile.
better when working in an agile way. F.2 We would appreciate feedback on the survey.
A.13 | Through agile work we have thrown ourselves into complete chaos.
Ald The transparency of agile working allows an easier overview of the




