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Abstract—The manufacturing industry faces critical changes
due to the increasing importance of sustainability. Ever faster
changing customer requirements and the need to consider
circular economy require a rethink of today's business models.
Continuous innovation, realized through upgrades to existing
technical products, holds the key to addressing these challenges.
However, operational hurdles hinder its implementation,
prompting the need for support in manufacturing companies.
An essential point to support and set guard rails is the
development of a target system, as it supports manufacturing
companies in the prioritization of activities for the realization
and implementation of continuous innovation. There is currently
a scientific deficit in this area, as the targets of continuous
innovation are not sufficiently described, taking into account the
relevant dimensions of the product, business models, process and
organization. Therefore, this paper focuses on the derivation of
a target system for continuous innovation for technical products
in the usage phase. It encompasses a systematic literature
review-based methodology, a target clustering and target
descriptions.

Keywords—continuous innovation, innovation management,
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I. INTRODUCTION

The increasing importance of sustainability leads to
changing conditions and new requirements for the
manufacturing industry [1, 2]. Thereby, the linear economic
system  consumes finite  resources due to the
“take-make-dispose” principle and is not sustainable. To
move to a more sustainable economy, more comprehensive
steps need to be taken [3]. In this context, the concept of
circular economy plays a decisive role in meeting the
challenges of sustainability [4]. Furthermore, innovative
products become more important in order to maintain
customer satisfaction despite frequent changes in customer
requirements and market share in international markets [5].
By implementing new features and components (upgrades)
into existing technical products, the concept of continuous
innovation is a promising approach to successfully support a
value-enhancing circular economy [3, 6]. Furthermore, it
helps to address the increasing changes in customer needs.
Fig. 1 shows the overall potential of continuous innovation.
Many manufacturing companies are aware of the potentials of
continuous innovation However, the implementation of this
innovation approach fails due to a lack of operational support
[7]. Therefore, it is necessary to support the implementation
of continuous innovation in manufacturing companies [8]. To
this end, a target system for continuous innovation is first
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required.
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Fig. 1. Schematic concept for a possible value enhancement of customer
satisfaction over time through continuous innovations [9, 10]

With the help of targets and a structured target system,
manufacturing companies are able to define a desired state.
The targets describe the direction and future state that will be
supported and addressed through continuous innovation and
thereby could be wused to prioritize initiatives for
implementation [7]. In order to develop such a target system
for continuous innovation for technical products in the usage
phase, this paper is structured as follows. First, relevant
fundamentals are presented. Second, the methodology within
this paper is described. Thereby, the relevant targets within
the target systems are identified. Thus, a systematic literature
review is used. Based on this, the identified targets are
structured into perspectives based on clustering algorithms.
The results in the form of a target system are presented in
section four. Finally, a conclusion as well as an outlook on
further research activities are given in section five.

Il. FUNDAMENTALS

In the following section, relevant fundamentals regarding
continuous innovation and target systems are described.

A. Continuous Innovation

Innovations make a significant contribution to
competitiveness and the ability to grow manufacturing
companies [11, 12]. From a scientific view, an innovation
starts with an idea that is characterized by a high degree of
novelty [11]. If the idea is successful on the market, the idea is
transformed into an innovation [13]. The concept of
continuous innovation has been discussed for several years in
the context of various fields, including product, knowledge
management or cooperation. [14, 15]. Despite a high level of
discussion, however, there is no uniform definition of the term
in the scientific literature [16, 17]. The first approaches in the
context of continuous innovation, often known under the term
DevOps, originate from the software industry by continuously
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providing customers with software updates and software
releases [18]. In the context of physical products, Lianto et al.

categorizes existing definitions of continuous innovation [17].

According to the authors, continuous innovations comprise an
ongoing innovation process as well as innovation activities
that are carried out continuously, repeatedly and regularly
over a longer period [17]. Riesener et al. revive this definition
and characterize the innovation approach of continuous
innovation holistically [19]. From a more technical product
perspective, they describe continuous innovations as an
approach for the continuous identification of customer needs
during product usage as well as the development, integration
and delivery of new functions, components, technologies and
services.

B. Target System

There are different definitions of the term target.
Hausschildt defines targets as normative statements of
decision makers, which describe a desired, future state of
reality [20]. Vahs et al. add that targets are a result of
decisions and their realizations [12]. In general, targets can be
distinguished between guiding targets (main targets) and
accompanying targets (secondary targets). While main targets
address a strategic long-term perspective, secondary targets
serve to support the achievement of main targets and can
represent additional constraints. The targets are therefore
related to each other using a means-purpose relationship and
can be mapped based on a hierarchical target structure [12,
21]. By considering these relationships between targets, a
target system is created. Thereby, a target system can consist
of one (singular target system) or several key targets (plural
target system) [22].

C. Target System for Continuous Innovation

In the scientific literature, different approaches exist that
describe general target systems for innovations and
innovation management. With the Innovation Balanced
Scorecard, for example, [23, 24] adapted the approach of the
classic Balanced Scorecard with a focus on innovations.
Furthermore, different approaches such as [8, 17, 25] name
different reasons and motivations for companies to
continuously innovate. However, there is a lack of a target
system that, considering the various perspectives of product,
business model, process and organization systematically
shows the targets of continuous innovations holistically.
Furthermore, no cause-effect relationships are used
systematically in the target systems to structure targets into
perspectives. For this reason, this paper is dedicated to filling
this gap and answering the research question: How to derive a
target system for continuous innovation? For this purpose, the
method of application is presented in the next section.

I1l. METHODOLOGY

The methodology for the design of a target system for
continuous innovation is based on two main parts. On the one
hand, relevant targets for the target system are identified
based on a systematic literature review according to Brocke et
al. [26]. On the other hand, the identified targets are analyzed
and structured into a target system. Fig. 2 summarizes the
necessary steps.

Identification of targets

Systematic literature

review

Design of target system

Identification of
interrelations

Extraction of targets Clustering of targets

Fig. 2. Overview of steps of the methodology.

In the following, the two steps of the methodology are
explained in more detail.

A. lIdentification of Targets

The aim of the first part of the methodology is the
identification of targets. Therefore, two steps must be
conducted.

1) Systematic literature review

The systematic literature review follows a defined structure.
First, an analytical-deductive analysis of the literature is
conducted based on the approach according to vom Brocke et
al. [26]. Afterwards, the targets are validated and
double-checked with expert interviews and case studies in the
industry to achieve a practical set of targets. For the
systematic literature review, combined keywords and their
synonyms are used: “Continuous innovation”, “Innovation”,
“Upgradability”, “Product upgrade”, “Technical products”
“Target” and “Target system”. The terms are connected by
Boolean operators and searched for in the literature databases
Web of Science, Google Scholar and IEEE Xplore. The
identified sources are first reviewed by title and second by
abstracts. The literature is analyzed regarding the expected
usability of the literature for the identification of targets for
continuous innovation. Therefore, paper are excluded that do
not address topics of innovation management, innovation,
circular economy, upgradeability or DevOps within their
abstracts. In addition to the above described forward research,
supplementary sources that came up additionally during the
research (backward research) are analyzed as well.

2) Extraction of targets

The extraction of the targets from the literature is done in
three steps. First, thematically relevant targets are collected
from the identified literature. Then, the first structuring of
extracted targets takes place through a reduction of duplicates
and synonyms. The last step of the narrowing down process
aims at consolidating the targets concerning the MECE
principle. MECE stands for  the acronym
“Mutually-Exclusive-And-Collectively-Exhaustive”. For this
purpose, the targets are divided into overarching dimensions
of product, process, business model and organization, as these
dimensions represent the object domain within the systematic
literature review. Then, the targets are consolidated according
to the proximity of content within a dimension and are
bundled into non-overlapping targets through uniform
naming.

B. Design of Target System

The aim of the second part of the methodology is the
derivation of the target system. For this purpose, two steps
need to be taken. First, the interrelations between targets must
be described. Based on the interrelations, the targets need to
be clustered and the target system can be derived.
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1) Identification of interrelations

For the identification of interrelations, the method of a
binary design structure matrix (DSM) is used. Therefore, the
targets are listed on both sides of the matrix. The
dependencies within the matrix are analyzed using a binary
evaluation scale. It is sufficient to fill one side of the matrix
because the matrix builds up synchronously above and below
the diagonal. If the targets within the target system strengthen
each other, this is referred to as a complementary target
interrelation (positive interrelation = 1). On the other hand, if
there is a negative correlation between the targets (negative
interrelation = —1), it is a conflicting target interrelation. Fig.
3 illustrates the systematic of the DSM.
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Fig. 3. Systematic visualization of interrelations between the targets.

The result of this step is a matrix, that illustrates the
interrelationships between the identified targets. Based on this
groups of targets can be built in the next step.

2) Clustering of targets

The second step addresses the clustering and structuring of
targets, based on the Idicula-Gutierrez-Thebeau Algorithm
(IGTA+), [27]. Therefore, only complementary (positive)
interrelations are used. The algorithm is used to reorganize
the rows and columns of the DSM. It forms blocks along the
diagonal. Within these blocks, there is an increased positive
connection between targets. The targets of each block are
merged within a cluster, which forms a perspective of the
target system. Fig. 4 shows a schematic result of the clustering
algorithm.
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Fig. 4. Systematic overview of clustered targets.

The result of this step are groups of targets and
interrelations between targets. In the following section, the
results in the form of the target system are explained.

IV. RESEARCH FINDINGS AND TARGET SYSTEM

This section aims to describe the results from the
previously presented methodology. In total, 28 consolidated
targets could be derived based on the approach. These targets
are divided into seven clusters by using the presented
approach: The derived clusters form the respective
perspectives of the target system: Finance, Collaboration,
Customer, Product, Process, Company, and Competitive. In

The overall target system with its perspectives is presented
in Table 1. The sources on which the targets are mainly
derived are listed.

Table 1. Overview of targets

Target Perspective Source
1) Reduction of development Financial [28-35]
expenses
2) Regular revenue through . . [23, 29, 32,
innovations Financial 36, 37]
3) Establishment and
A . [17,31,
strengthening of external Collaboration
) 38-42]
partnerships
4). Pr_omotlon of _collgboratlon Collaboration [31, 43-45]
within the organization
5) Establishment of an open . [23, 25, 28,
innovation culture Collaboration 44, 46-48]
6) Increased customer focus in the [29, 31, 36,
. . Customer
innovation process 49-52]
7) Increased customer satisfaction Customer [17, 28, 36,
and customer value 53-57]
8) Establish long-term customer [28, 36, 47,
Customer
loyalty 58]
9) Realization of product Customer [50, 59-61]
individualization
10) Improved identification and
g . [17, 59,
satisfaction of actual customer Customer
62-67]
needs
11) Preservatlgn and increase of Product [31, 68, 69],
product value in the use phase
12) Increase of innovation Product [17, 28, 29,
frequency 70-72]
13) Ir?crea}s_e of product Product [6, 73-76]
sustainability
14) Increase of material reuse Product [69, 77-80]
. - [28, 31, 47,
15) Increasing resource efficiency  Product 55, 77]
16) Regular !mprovement of Product [17, 81-84]
product quality
. . [10, 31, 45,
e TP g 0,665
P P 85-87]
18) Extension of the product life [28, 40, 47,
cycle Product 66, 75, 88]
19) Increasing the effectiveness of [15, 23, 72,
. . Process
the innovation process 89-91]
20) Increasing the efficiency of Process [28, 45, 70,
the innovation process 86, 89, 92, 93]
of nformation md kowtedge | procss 1173148
g 50, 85, 94-96]
from product use
22) Shortening the time-to-market
. . Process
of an innovation
23) Increase of innovation Compan [16, 17, 25,
capability pany 67, 97]
. . [34, 46, 66,
i;lan<;2US|ng of a sustainable Company 69, 86,
pany 98-101]
25) Ensuring the growth of the Compan [25, 36, 44,
company pany 83, 87]
26) Ensuring robustness and
flexibility of the company Company [17, 67, 102]
. N [32, 44, 62,
27) Opening up new markets Competitive 67,91, 103]
[25, 28, 29,
. . i, 46, 47, 49, 53,
28) Ensuring competitiveness Competitive 90, 97, 104,
105]
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In the following, the targets are explained in more detail.
The subchapters are based on the perspectives of the target
system.

A. Financial Perspective

From the financial perspective, there are two overarching
targets: Reduction of development expenses and regular
revenue through innovations. Cost for a new “thing” for the
customer can be reduced in the long term because
implementing smaller incremental innovations in existing
products with a consistent base lowers the development costs.
Furthermore, cooperation with development partners is easier
[30, 32-35, 47]. At the same time, regular revenue is targeted
through continuous innovation flows and regular customer
orders [23, 29, 32, 36, 37]. Manufacturing companies do not
focus on transactional business model but address regular
upgrade sales during the usage phase of an existing product.

B. Collaboration Perspective

Within the collaboration perspective, three targets are
grouped, which relate to collaboration with partners, within
the organization, and to the culture required for open
collaboration. Creating and managing a network with partners
enables access to knowledge and innovation potential outside
the company. Continuous innovation requires and targets this
collaboration and consequently encourages the organization
to open up and take advantage [17, 31, 38, 39]. Thereby,
integrating external actors into the innovation process can
increase access to resources, reduce costs, leverage shared
infrastructure, and promote continuous innovation [40-42].
In addition to external collaboration, internal collaboration
plays a crucial role in the context of continuous innovation.
The implementation of the holistic approach for continuous
innovation requires but also enables and improves
collaboration across disciplines at all levels of the company
[31, 43-45]. This development of new organizational forms
combined with the creation of an innovation-friendly culture
enables all employees of the company to participate in a
continuous innovation process. Furthermore, the approach of
continuous innovation manages to maintain openness in the
innovation process [23, 25, 28, 37, 46-48].

C. Customer Perspective

Within the customer perspective, five targets are
summarized, which are closely related to the customers of
continuous innovation. The first target, increasing customer
focus in the innovation process, addresses the necessity for
the central focus of innovations on the customer and the
integration of customers into the innovation process. This
supports and leads to improved satisfaction of customer needs
at the same time [29, 36, 49-52]. Through the continuous
delivery of customer-oriented innovation and the associated
increase in customer benefit, customer satisfaction can be
sustainably increased [28, 36, 53, 55-57]. Improving
customer satisfaction and customer value is one of the key

objectives in the context of continuous innovation [17, 53, 54].

Thereby, the identification of the correct and actual customer
benefits and needs is aimed at continuous innovation and is
one of the central benefits in contrast to typical innovation
approaches. To do so, data-driven approaches are used, to

achieve this target and support the satisfaction of needs from
current and future stakeholders [17, 59, 62—-67]. The customer
focus results in two further targets, the establishment of
long-term customer loyalty as well as the realization of
product individualization [28, 36, 47, 50, 58-61]. The
achievement of both targets is part of continuous innovation.

D. Product Perspective

Within the product perspective, seven targets are grouped,
which are closely related to the product. The first target within
the product perspective is the increase of product
sustainability. By creating sustainable products, objects
should be created that go beyond the purely functional level.
In this way, it is possible to respond continuously to the
increasing sustainability aspects in customers' purchasing
decisions [73-75]. Another sustainability target addressed by
continuous innovation is increased material reuse. The use of
upgrades in the product phase improves recycling rates,
reduces the disposal of old products and waste volumes, and
thus keeps resources in the cycle for a longer time [69, 77-80].
It interacts directly hand in hand with the target of extending
the product life cycle. Furthermore, continuous innovation
targets the efficient use of resources within its products. It can
contribute to this target by providing resource efficient and
target-oriented upgrades and new technologies as well as
support the avoidance of additional new products that are not
required [28, 31, 47, 55]. By continuously delivering and
embedding new innovations, the current status of short-lived
and unsustainable products can be overcome and the entire
product lifecycle can be extended [28, 40, 47, 66, 75, 88].
Upgrades prevent premature disposal of the product before
the end of its useful life. Therefore, continuous innovation
addresses the target of short-cycle and high-frequency
iterative introduction of innovations [17, 28, 29, 70]. This
also enables a response to growing global competition and
rapidly changing heterogeneous customer needs [28, 72]. The
frequent introduction of innovations, e.g. in the form of
technology upgrades, also enables regular improvements to
be made regarding quality and performance. These are two
additional targets within the target system, that are focused on
continuous innovation. Improving the overall quality of a
product can reduce failure rates and increase safety for
companies and consumers [17, 81-84]. Besides the quality,
the continuous improvement of product functionality and
performance by optimizing product features is highly relevant
in the context of continuous innovation [10, 31, 45, 47, 49, 66,
67, 85-87]. In the course of continuous innovation, customer
benefits are to be constantly increased by providing more
efficient products. In particular, identifying and evaluating
potential areas of improvement in the product can add a lot of
value in the early innovation process [17, 31, 86]. In summary,
upgrades and continuous innovation not only reduce the
depreciation of the product but also increase the value of the
product and thus improve the attractiveness of the product for
the customer [31, 68, 69, 106].

E. Process Perspective

Within the process perspective, five targets are
summarized, which refer to the innovation process. Thereby
two main targets can be formulated: increasing the
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effectiveness of the innovation process and increasing the
efficiency of the innovation process. Continuous innovation
aims to identify the right innovations for the customer and
thus avoid the risks of undesirable developments. This
increases effectiveness in the innovation process [15, 23, 72,
89-91]. Another supportive target of the previous one is the
improvement and application of information and knowledge
from product use. Continuous creation, identification and
transfer as well as the systematic organization of knowledge
enables a continuous flow of innovation and creates
sustainable competitive advantages [17, 31, 40, 43, 50, 85,
94-96]. To do this, various data streams from all actors in all
phases of the product lifecycle must be brought together to
effectively transform knowledge gained into innovations.
Continuous innovation also targets the efficiency of
innovation processes. It can increase the accuracy of
achieving time, cost and quality targets, especially in
fast-moving, technology-driven and more unstable
environments, and incorporate the interests of different
stakeholders [28, 45, 70, 86, 89, 92, 93]. The target of
shortening the time-to-market of an innovation thereby
influences the efficiency as well. By increasing the speed of
innovation, the time to market can be reduced. This enables a
respond promptly to changing customer needs in the course of
continuous innovation [17, 23, 28, 31, 85, 107].

F. Company Perspective

Within the company perspective, four targets, which
address overall company and organizational aspects, are
summarized. The first target addresses the increase of
innovation  capabilities. By developing innovation
capabilities across all areas of a company in the context of
continuous innovation, products, internal processes,
technologies and procedures can be continuously improved
and the position in global competition can be strengthened [16,
17, 25, 67, 97]. Furthermore, a company that wants to
implement continuous innovations also focuses on flexibility
and robustness, growth and sustainability. By implementing
continuous innovation and attention to sustainability across
the entire product portfolio, a foundation of sustainable
business practices can be laid. Moreover, by aiming at
upgradeability, continuous innovations improve a high
environmental impact for the company [34, 46, 69, 86,
99-101]. However, it is always important to achieve
long-term growth of the company with increasing continuous
revenue and high profitability by introducing innovations [25,
36, 44, 83, 87]. Thereby, the recurring revenues as well as the
organizational structure of continuous innovation help to
ensure the robustness and flexibility of the company.
Consequently, an adaptation to changing dynamic markets
and dealing with uncertainty in the sense of resilience is
supported by continuous innovation [17, 67, 102].

G. Competitive Perspective

The competitive perspective consists of two targets:
Opening up new markets as well as ensuring competitiveness.
By identifying and developing market gaps and distribution
channels, innovations can be continuously sold. In addition,
new market-side innovation potential can be identified at an
early stage [44, 91]. The development of new market fields
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also leads, among other things, to the company's
competitiveness. Especially in a changing and globalized
business environment, continuous innovation can build
competitive advantage and strengthen the company's
long-term position [25, 28, 29, 47].

V. CONCLUSION

Within this paper, targets for continuous innovation were
identified and a target system was built. Within the target
system, 28 targets are described and grouped into 7
perspectives: Finance, Collaboration, Customer, Product,
Process, Company, and Competitive. The designed target
systems deliver an overview of targets, that are addressed by
implementing continuous innovation of technical existing
products in the usage phase. Based on the target system,
relevant business models, organizational adaptions, product
and process activities could be derived and designed. It serves
as a base for manufacturing companies to structure the
implementation of continuous innovation and measure the
success of continuous innovation. However, various
limitations apply to the results, the first of which is to be found
in the search query. Limiting the language to English and
German is warranted due to most of the research being in
English and many own previous research activities being
conducted in German. Nevertheless, completeness can thus
not be ensured in a holistic manner. However, the research is
limited by the scope defined by the search strings.
Furthermore, a limit is placed due to the fact that a consistent
definition of the term “continuous innovation” is not given in
the scientific literature. Although the concept of continuous
innovation appeared in the scientific literature several years
ago, the importance and the scope of the approach changed
due to the focus on digitalization and sustainability in recent
years. This analysis can therefore only be a temporary
description with a need for regular updates, especially in the
next 2-5 years to consider an established view of continuous
innovation in the context of circular economy. Therefore,
further targets and the derivation of an adapted target system
can be obtained following the same methodology. Within the
next research phases, the identified target system must be
further specified and detailed. This requires, in particular, the
validation of the identified objectives and the cause-effect
relationships underlying the target system from a
practice-oriented perspective. Furthermore, the target system
must be assigned to implementation activities for concrete
support for the realization of continuous innovations. It is
necessary to research which implementation activities have a
special relevance due to the companies' focus and addressing
of individual goals. The research activities will be further
explored within the scope of a doctoral thesis and the
Excellence Cluster of RWTH Aachen University, among
others, as well as discussed in industry circles, in particular
with companies from machinery engineering.
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