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Abstract

The increasing dynamization of markets, changing customer requirements and unpredictable occurrences pose new challenges for product devel-
opment and design. Agile methods and processes can serve as a solution to secure the innovation capability of organizations in this environment.
Since the areas of agility and innovation capability of organizations have mostly been treated separately in research, this research effort is focusing
at hollistically collecting success factors for agility and success factors for the innovation capability of organizations and analyzing them in detail
- including collecting indicators and directional characteristics. The analyzed factors are specifically focused on the development of mechatronic
products and are intended to serve as a type of library that enables organizations and researchers to understand their own situation as best as
possible, select appropriate recommendations for action in a targeted manner, and track their implementation / operationalization on the basis of
the corresponding indicators and characteristics. This research work thus makes a contribution to sustainably increasing innovation capability and

agility of industrial organizations.
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1. Context & Motivation

Companies are currently facing a variety of challenges, such
as the dynamization of markets, staying up to date with current
megatrends, the increasing complexity of products and produc-
tion processes, a growing number of variants, and rising quality
and market requirements. In addition, companies must find a
balance between limited resources and the shortening of prod-
uct life cycles as well as accelerating technological progress
- requiring a shortening of innovation times [1]. The fact that
competitors can threaten the market position of companies with
disruptive innovations, intensifies the need for innovations, in
order to sustainably remain on the market as a company and in
the long term. This raises the question of how innovation can
be driven forward in a targeted manner and whether the imple-
mentation and use of agility in product development can serve
as a solution for these challenges.

2212-8271 © 2023 The Authors. Published by Elsevier B.V.

1.1. Innovation Capability

Innovations are characterized by uncertainty, depending on
e.g. the industry sector, the product life cycle and other fac-
tors. These uncertainties arise in particular in the areas of
required technical knowledge and technology, market under-
standing and specific product requirements, necessary internal
resources and time required until market launch. [2] Also, the
shortening of product life cycles as well as accelerating techno-
logical progress require product novelties and a shortening of
innovation times highlighting the need for a high level of in-
novation capability. An innovation in general is characterized
by three elements: The benefit for customers, users and suppli-
ers (product profile) must be identified, realized in a technically
satisfactory way (invention) and successfully introduced to the
market [3]. Albers et al. [4] describe that only a product that
satisfies all of these aspects has the potential to become an in-
novation. Market dynamics, customers, employees, universities
and other companies or competitors are further influencing the
innovation process of a company. [4]
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1.2. Agile Methods in the Product Creation Process

A variety of methods have already been developed to drive
innovations forward, some of which are firmly anchored in the
processes and organizational structure of companies. Among
these methods, agile methods form an essential component.
More and more companies are looking into the use of agile
methods and are endeavoring to integrate agile approaches into
various organizational units in order to increase their own ef-
fectiveness as well as efficiency (e.g. improvement of product
quality and shorter development times) through greater flexibil-
ity, better use of resources and lean process structures, amongst
other measures. Particularly in the early phase of product de-
velopment, the targeted use of agile methods can be benefi-
cial for a company’s innovation ability and accelerate the com-
pany’s internal innovation process as well as making it more
efficient. The targeted use of agile methods and processes only
seems reasonable if changes are likely (for example, in complex
innovation-driven or large-scale projects), self-organization is
possible (especially if individuals can take on different tasks
and thus complement each other), requirements change quickly
and value can be created incrementally. [5]

According to the current state of research, a high number of
factors have already been identified that positively influence an
organization’s agile capabilities. The approach of ASD — Agile
Systems Design allows the development process to be adapted
to specific situations and requirements [6], with the goal of eas-
ing the challenges of agile change [7].

Following the international study by Komus [8], which sur-
veyed over 600 individuals from over 20 countries, most prod-
uct development projects use hybrid and selective agile devel-
opment processes (about 80% of projects). Reasons of surveyed
individuals for using agile approaches include shortening time
to market, increasing product and process quality, and reduc-
ing risk in general. Nevertheless, companies are facing major
challenges in designing their organizational and structural ori-
entation in this context in a target-oriented manner. Companies
are exposed to individual internal as well as external influences,
pursue specific goals and thus bring along different organiza-
tional as well as technical prerequisites. [5]

In literature, the domains ‘Innovation’ and ‘Agility’ have
mostly been treated separately. By jointly examining these do-
mains and investigating potential cause-effect relationships be-
tween innovation capability and the agile operation system, the
authors aim to gain insights into a possible increase in the inno-
vation capability of organizations through the targeted introduc-
tion of agility into product creation processes and identification
of respective synergies. A broad empirical study conducted by
Puriwat and Hoonsopon [9] could show an increase of the per-
formance in radical innovation and thus innovation capability
through the use of agility in new product development teams.
In addition, Hoonsopon and Puriwat [10] show that innovation
capability combined with agility has a positive effect on manag-
ing the early phase of product development (including finding
new ideas, idea screening, marketing analysis and technological
evaluation - the so called ‘fuzzy front end’). While the previous
studies were focused on the differentiation between organiza-

tional agility and flexibility and their impact on the innovation
capability, as well as the influence on the early phase of new
product development or the fuzzy front end, this research effort
aims at hollistically collecting success factors for innovation ca-
pability and success factors for agility and analyzing them in
detail. The research effort is further specifically focusing on the
development of mechatronic products and is intended to discuss
and analyze the success factors jointly in a subsequent study.

2. Research Gap & Target

This research study contributes to the investigation of the ex-
tent to which the innovation capability of organizations can be
increased through the targeted introduction of agility in prod-
uct creation processes. For this purpose, characteristics and fea-
tures (in the following: ‘factors’) are identified that an organi-
zation with a successful innovation capability demonstrates or
possesses (success factors for innovation capability) based on a
deep literature review. In addition characteristics of the identi-
fied factors are collected to form the basis for the investigation
of which success factors are decisive for a targeted and suc-
cessful implementation, use and evaluation of success of agile
methods and processes in organizations in order to boost inno-
vation capability.

For the literature-based development of the tables on inno-
vation capability and agility, the following procedure is fol-
lowed: First, boundary conditions and constraints are identified
to enable classification and delimitation of the subject matter, as
well as to make boundary conditions explicit with regard to the
applicability of the findings. In a second step, success factors
are identified and collected based on a deep literature research.
These success factors are summarized in overarching clusters in
order to facilitate the manageability of the complexity. Based on
the current state of research, indicators for each success factor
are determined to support the usability for organizations in the
sense of a Key Performance Indicator (KPI). The table is con-
cluded with a directional characteristic for each success factor
in order to support researchers as well as organizations in its
application.

2.1. Research questions

Based on the research needs, the research questions are listed
below, which serve to operationalize the underlying objective of
this work:

1. What are the characteristics of an innovative organiza-
tion?

(a) What factors are positively influencing innovation in
organizations (success factors)?

(b) What are constraints and limitations in the early
phase of product development in the context of in-
novation capability?

2. What factors characterize implementation and use of
agility in the product creation process?
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(a) What are boundary conditions and constraints that
exist in the early phase of product creation in the con-
text of agile product development?

(b) What are success factors or criteria for implementing
and using agile methods and processes?

3. How can the identified factors be characterized in terms
of an indication (KPI) and directional weighting?

4. How can a model be set up to transparently conceptu-
alize and describe the success factors and indicators for
innovation capability and agility in order to enable a joint
analysis for future studies?

2.2. Research Design

Based on a holistic literature review and analysis of results
from previous research studies, factors influencing agility and
factors influencing the innovation capability of organizations
were collected separately and then clustered into success fac-
tors and criteria of innovation capability and agility in the con-
text of different organizations. This results in a set of clusters
with corresponding success factors. For the individual factors,
indicators (KPI's) were determined, as well as the associated
characteristics that can be expected to have a positive influence
on innovation capability or agility.

The results are made explicit in a table form and can thus
be easily used for further research projects or for use in indus-
trial practice. As a result, all success factors for agility, which
have an impact on the agility of an operation system, were con-
ceptualized in the AM — AgilityMap and success factors for
innovation capability, which have an impact on the innovation
capability of organizations, were conceptualized in the IM — In-
noMap.

In a further step and based on the research efforts outlined
in this study, the authors plan to conduct a holistic, bipartite
empirical study based on a broad range of representatives from
different industries to determine the cause-effect relationships
between agility and innovation capability of organizations.

3. Findings

In this section, the schematic structure and a part of the IM
— InnoMap is presented first, illustrated using an example. In a
next step, the schematic structure of the AM — AgilityMap will
be discussed accordingly.

3.1. IM — InnoMap
IM - InnoMap — boundary conditions & constraints

The innovation capability of organizations is influenced by
various boundary conditions, such as the dynamization of mar-
kets, the size of the organization, the innovation system, the
central dilemma of economic activity, the existence of different
types of innovation, and the constraints associated with diffu-
sion.

These constraints are different for each organization, conse-
quently there will be no universal best practice for the increase
of innovation capability. The sum of the factors listed in the IM
— InnoMap thus illustrates the need for different individual so-
lutions in the strategic approach of organizations and serves as
an aid in determining specific recommendations for action.

IM - InnoMap — success factors

Success factors for innovation capability (IS F,) were iden-
tified on the basis of a broad literature search. Among other
sources on success factors for innovation capability, Greiling,
for example, already contributed to the analysis of innovation
capability in companies in a comprehensive study. Hansen et al.
[12] have identified in their work so-called drivers of innova-
tion capability, which were also used as success factors for in-
novation capability in companies: These include the continu-
ous competency development of employees, holistic innovation
management, and the promotion of social and organizational in-
novation which influence productivity, innovativeness, and the
implementation success of technical innovations. The IM — In-
noMap developed in this research effort thus aims to analyze
the characteristics of organizations’ innovation capability, de-
fine their metrics and characteristics, and use these as a basis
for further investigations.

IM - InnoMap — clustering

The ‘twelve criteria for assessing entrepreneurial innovation
capability according to the European Management Forum’ [13]
have been used as an aid for the categorical classification of
success factors for innovation capability of companies. These
twelve criteria were first adapted to the context of this work by
renaming or adding to them, whereas in a second step, relevant
success factors were assigned to these clusters. The clustering
of the success factors for innovation capability enables a better
overview of the diverse success factors.

IM - InnoMap — indicators and directional characteristics

For the success factors of innovation capability, associated
KPIs are identified on the basis of a literature review. Since
numerical weighting is complex, the KPIs are weighted direc-
tionally. Also, a directional weighting of individual indicators
is more logical to follow. In this research effort, directional
weighting is structured according to the following scheme:

‘The more (Z(KPI,), IS F ) pairs are fulfilled, the higher the
innovation capability’ (characteristic Z linked to KPI, and in-
novation success factor IS F,).

The schematic structure of the IM — InnoMap is shown in
Table 1. In the first column, the 12 cluster are listed. Associated
success factors and indicators that were identified in this re-
search effort have been assigned accordingly. The success fac-
tors and characteristics may occur repeatedly in the IM — In-
noMap, indicating thematic overlap of specific success factors
for innovation capability between the cluster. An example of
such an overlap is the success factor ‘degree of specialization’,
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Table 1. (a) Summarized overview of the IM — InnoMap; (b) Exemplary representation of a section of the IM — InnoMap linked to the examples in subsection 3.1.

a

b

Success Factors
[ISF<]

Indication
[KPI]

Characteristics

Cluster [Z(KPL)]

1 Business dynamics 32 32
2 High growth rate compared to companies in the same industry PR 212
3 Efficient use of resources 31 33
4 Behaviour in situations of economic crisis 33 37
5 Quality of planning mechanisms 37 313
6 External relations 23 28
7 Remarkable social benefits 36 >14
8 Organization of production and product engineering 28 28
9 Scope of research and development 33 pX:]
10 Financially securing the future 54 56
11 Leadership style 36 39
12 Skills or abilities of the employees 55 55

which appears on the one hand in the cluster ‘skills of employ-
ees’ and on the other hand in the cluster ‘organization of pro-
duction and product development’ . Nevertheless, associated in-
dicators (see below) and directional weighting always differs.

In order to be able to analyze and assess the success factors
for innovation capability on an application-specific basis, indi-
cators (KPI,) were assigned to each success factor in the third
column. In the fourth column, the respective ideal directional
characteristic, also called weighting or extent, are listed.

To illustrate the principle of the IM — InnoMap in an
application-related manner, an example is presented hereafter.
The success factors ‘innovation power’ and ‘R&D effort with
regard to innovations’ are assigned to the cluster ‘high growth
rate compared to companies in the same industry’. An indica-
tor for innovation power in this case would be the ‘share of
product innovations in sales’ with the directional characteristic
‘greater’. It is true that the greater the innovation power (de-
scribed by e.g. greater share of innovative products in sales),
the higher the innovation capability.

Please find the full IM — Innovation Map including refer-
ences for each success factor in Appendix A in Table A.3 and
A4.

3.2. AM — AgilityMap
AM - AgilityMap — boundary conditions & constraints

When identifying boundary conditions in the context of
agility, consideration is given to the question of whether it
seems reasonable to design a specific (sub-)process in the orga-
nization in an agile manner. The identified boundary conditions
are - amongst other things - serving as a basis for the strate-
gic decision regarding the implementation of agile methods and
procedures. For the identification of the boundary conditions,
the analytical examination of the decision-making process is of
particular importance.

In order to use agility in a targeted approach in an organization,
it is advisable to differentiate between the respective advantages
and disadvantages of agile and plan-driven approaches, as well
as to analyze and assess the applicable requirements, practices,
and complexity of technology.

In the context of agile product creation processes, the early
phase of product development is characterized by various
boundary conditions and constraints that are primarily relevant

Cluster

Success Factors
[ISF.]

Indication
[KPL]

Characteristics
[Z(KPL)]

2

©

High growth rate 2-1 Innovation power share of product innovations in sales

compared to 2-2 Comp & Exi ofani ion department within the
companies in the company

G ([ElETy R&D effort with regard to innovations R&D expenditures to date

R&D effort with regard to innovations Number of patents ( applied for / approved);
Number of patent citations

Number of jobs in R&D or innovation department
within the company

Number of start-ups in high-tech industries

greater
existing

23
24

higher
higher

2.

&

Innovative power higher

2-6 Market growth higher
Efficient use of 3-1 Efficient value creation processes
resources

shorter;
less;
more intense

Short lead times;
No waste;

1t of in the
process

for the strategic planning and implementation of agile methods
as well as their efficiency and effectiveness.

These boundary conditions include various circumstances
which an organization or operation system either brings with it
itself or which are externally imposed by the environment and
cannot be influenced or can only be influenced with difficulties.

AM - AgilityMap — success factors

Various sources were used to identify success factors (AS F)
in the context of the introduction of agility based on a literature
review, the most important of which are explained in more de-
tail hereafter.

Schmidt and Janzon [14] describe seven success factors of an
agile transformation as criteria for the successful implementa-
tion and use of agile methods and processes. These success fac-
tors include insights, approaches, attitudes, methods and tools
that contribute to the success of a transformation or organi-
zational development, taking into account various constraints
and limitations. As part of the 4th international study of ‘Sta-
tus Quo (Scaled) Agile’ (2020) [8], benefits and success fac-
tors of (scaled) agile approaches were investigated. Based on
the responses of >600 participants from more than 20 coun-
tries, the study identified three success factors for the use of ag-
ile methods and processes as particularly important: only small
teams with fewer than nine people could work together mean-
ingfully using agile approaches; upcoming tasks should first be
systematically evaluated in terms of their complexity; and dis-
tributed teams would make good performance more difficult.
Internal processes, top management and the development team
were identified as the main challenges, from which further con-
straints could arise. [8]

In the work of Albers et al. [7] various factors that promote
an agile operation system are identified. In the context of agility,
factors can be values, principles, practices or artifacts, respec-
tively the handling or execution of these elements. In addition,
factors can also be characteristics or states to strive for (for ex-
ample, of the organization or of the personnel). These factors
are referred to by Albers et al. as ‘influencing factors on agility’
and also apply to organizational interfaces (e.g. product devel-
opment/production) [15]. Flat hierarchies in the organization
[16], the collaboration of different actors within an organiza-
tion [17, 18], clear and short decision-making paths [19], and
the scalability of agile practices [20] are, for example, influenc-
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Table 2. (a) Summarized overview of the AM — AgilityMap; (b) Exemplary representation of a section of the AM — AgilityMap linked to the examples in subsec-

Characteristics
[Z(KPIx)]

Success Factors Indication
[ASFx] [KPIk]

3 Project

3-1 PGE - Product Generation
Engineering
(targeted use of knowledge)

Knowledge base maintenance maintained

Sufficient documentation sufficient
Share of new development deliberately

set

deliberately set

3-2 Product Development Team  Right size of the development team 7 + 2 members

Reflection in team retrospectives continuously reflected and

improved
No hierarchy within the team not present

Autonomy of the team autotomous/self-organized
Flexible distribution of roles in the team  flexible

tion 3.2.
a
Cluster Success Factors Indication  Characteristics
[ASFd [KPI,] [Z(KPIx)]
1 Corporation 1-1  Corporate structure sS4 b
1-2  Corporate system 312
1-3  Corporate strategy 513
1-4  Corporate culture 19 Cluster
2 Leadership 2-1  Shared values 55
2-2  Management style 37
2-3  Management skill 53
2-4  Management staff 53
3 Project 3-1  PGE - Product Generation Engineering 55
(targeted use of knowledge)
3-2  Product Development Team S14
3-3  Project Management 519
3-4  Team output S4
3-5  Working environment S11
3-6  Design task 515
3-7  Use of design tools and methods 515
3-8  Validation 58
4 Individual 4-1  Knowledge 53
4-2  Skills and competencies s12
4-3  Individual styles of thinking and acting 53
4-4  Motivation and emotion sS4
4-5  Attitude S14
4-6  Performance 1
4-7  Output 1
4-8  Relationships 55

ing factors or indicators for the success of agile methods with
regard to the company structural level.

AM - AgilityMap — clustering

Similar to the procedure according to Albers et al., the
literature-based success factors for agility are clustered. These
clusters are mainly based on the models of Hales and Gooch
[21], and Gericke et al. [22] and thus correspond to VDI 2221
[23], which can generally be used for the design of individual
product development processes and for the description of influ-
ences in diverse contexts of product development. The success
factors for agility are now categorically assigned to the respec-
tive clusters and thus form the basis for the AM — AgilityMap
that can be found in Appendix A in Table A.5, A.6 and A.7.

AM - AgilityMap — indicators and directional characteristics

Indicators (KPI,) related to the success factors for agility
and their directional characteristics (Z(K PI,)) are identified and
compared with existing literature, such as the study by Albers
et al. [7]. Since a numerical weighting is complex and can only
be determined with great effort, the weighting of the KPIs is
based on the principle of ideal expression. Consequently, the
weighting is structured according to the following scheme:

“The more (x, ASF) pairs are fulfilled, the more successful
the use of agile methods and processes’ (characteristic x and
success factor agility AS F).

The schematic structure of the AM — AgilityMap is shown
in Table 2. The first column summarizes the success factors for
agility in four clusters. The second column lists the identified
success factors for agility in categorical order. In order to be
able to analyze and evaluate the success factors for agility on
an application-specific basis, indicators are assigned in the third
column. The fourth column lists the respective ideal character-

istics, weighted according to the method described before. In
this way, a total of 24 success factors in 4 clusters including
200 indicators or KPIs were empirically collected.

In order to illustrate the principle of the AM — AgilityMap
in an application-related manner, an example is presented here-
after. The cluster ‘Project’ is assigned the success factors
‘Product Development Team’ and ‘Product Generation Engi-
neering (PGE)’. An indicator for the product development team
in this case would be the ‘right size of the development team’
with the ideal characteristic (KPI weighting) ‘7 + 2 members’.
A KPI for Product Generation Engineering (PGE) in this case
would be ‘knowledge base maintenance’ with the ideal charac-
teristic (KPI weighting) ‘maintained’.

4. Conclusion

Innovations are characterized by uncertainties. An increas-
ing dynamization of markets and rising customer requirements
as well as a demand for individualized products confront orga-
nizations with the challenge of shorter innovation cycles. Agile
methods and processes can serve as a way to cope with these
uncertainties in the context of the product development process.

In the context of this research study, success factors for the
innovation capability of organizations and success factors for
the use of agile methods and processes in organizations were
identified and reviewed for completeness on the basis of a com-
prehensive literature review. For the respective success factors,
indicators (KPIs) as well as characteristics of these indicators
were determined based on literature in the sense of a direc-
tional expression. For a simplified application, the success fac-
tors were structured in clusters and operationalized in a table
form, the so-called IM — InnoMap and the so-called AM —
AgilityMap.

The AM - AgilityMap contains a total of 24 holistic success
factors in 4 clusters. For these success factors, 200 indicators in-
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cluding associated characteristics / directional expression were
determined. As part of the IM — InnoMap, 56 success factors for
the increase of the innovation capability of organizations were
identified along 12 clusters. For these success factors, 87 indi-
cators and characteristics were identified. The systematic col-
lection of these success factors is based on in total more than
120 individual sources on the subjects of agility and innovation
capability of organizations.

The two tables developed as part of this research work serve
in the practical application as a type of catalog that enables
organizations and researchers to understand their own situa-
tion as best as possible, select appropriate recommendations
for action in a targeted manner, and track their implementa-
tion/operationalization on the basis of the corresponding in-
dicators and characteristics. This research work thus makes a
contribution to sustainably increasing innovation capability and
agility.

5. Outlook

In future projects and on the basis of the insights gained in
this research study, the authors intend to determine the cause-
effect relationships between innovation capability and agility -
specifically, whether the targeted use of agile methods has a
positive impact on the innovation capability of organizations.
To achieve this, the success factors from this work will be uti-
lized and validated in a broad empirical study with organiza-
tions for a paired comparison of the factors for agility and the
innovation capability of organizations.

Remarks

The full list of references used in IM — InnoMap and AM —
AgilityMap as well as raw data is available for sharing. Please
reach out to the authors.

Appendix A.

For the full IM — InnoMap see Table A.3 (page 7) and A.4
(page 8). For the full AM — AgilityMap see Table A.5 (page 9),
A.6 (page 10) and A.7 (page 11).
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