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ABSTRACT

To remain competitive, companies must continuously adapt their value proposition,
especially in response to increasing demands for sustainability and digitalisation.
Small and medium-sized enterprises often struggle to implement future-oriented
digital business models. The aim is to develop decision support to help companies
plan ahead and assess their value proposition, with a focus on foresighted planning.
Based on literature research, expert interviews and the analysis of existing solutions,
an understanding of “sustainable value” and requirements of decision support are
defined. Decision support is implemented in a software. The main contribution is the
setup of functions and content such as a list of influence factors, analysing influences
and evaluating ideas, control questions and support for the implementation of digital
business models. Validation through expert interviews and workshops in mechanical
and plant engineering shows that the software supports enterprises in foresighted
planning of value proposition and the selection of a concept for digital business
models. It makes them robust towards the variety of future scenarios.
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INTRODUCTION

To ensure their future competitiveness, companies must develop and
continuously adapt their own value proposition (Glauner, 2015). The
increasing demand for sustainability and digitalisation as well as the
transformation of business models using digital technologies with service
provision, requires an understanding of “sustainable value” on the one hand
(Kiel et al., 2017) and the future viability of planned business models to
be ensured on the other hand. These are prerequisites to successfully meet
future market changes. In particular, small and medium-sized enterprises
face a multitude of challenges and factors to consider when introducing
digital business models (Lehmann and Dorr, 2022). This makes it difficult
for them to identify the direct and indirect influence factors of their own
value proposition and to plan, implement and continuously monitor suitable,
digital business models based on those influence factors.

However, the switch to digital business models also presents companies
with the challenge of deciding where to start. Choosing the right approach
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for the company is made difficult not least by the variety of options offered
by different key technologies. Just the gathering of information about
advantages and necessary requirements as well as information about costs of
individual concepts is time-consuming (Bouncken et al., 2021; Kinkel et al.,
2023; Osterrieder, 2021).

To provide support for this demand, the aim of the research presented in
this paper is the development of decision support addressing the foresighted
planning of digital business models. Decision support is based on an
understanding of a “sustainable value” of digital products and services using
a supportive software. The following research question sums this up:

What content and functions must a software-supported decision support
cover in order to help enterprises in foresighted planning of suitable product-
related digital business models?

This paper is divided into five sections. The introduction (section 1) is
followed by the research design chosen to answer the research question
(section 2). Then the fundamentals and requirements for decision support
are presented by the description of an understanding of “sustainable value”,
an analysis of existing solutions and resulting requirements (section 3). Based
on the requirements, decision support for the foresighted planning of digital
business models is developed and validated (section 4). The validation of
the decision support solution is carried out within a case study and expert
interviews. Finally, the results are summarised and an outlook on further
research perspectives is given (section ).

RESEARCH DESIGN

The research design is divided into five steps (Figure 1). With the help of a
literature analysis according to the “Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA)” Statement (Page et al., 2021), a
search for usable solutions is conducted. As no sufficient solution can be
found, solution components and weaknesses in existing solutions of decision
support for foresighted business model selection are identified and analysed
in-depth (step one). In a second step, an analysis on the current understanding
of “sustainable value” of digital products and services is conducted. It is
based on literature analysis — based in overviews of “sustainable value” and
research on value drivers, influence factors and success factors of digital
business models are consulted — and experiences from experts of the field
of mechanical engineering, e-Commerce, software development and from
a legal department. In a third step, requirements for decision support are
derived based on the analyses in step 1 and 2 to implement the understanding
of values in a practice-oriented way. Based on these requirements, decision
support for the foresighted planning of digital business models is developed
in step four. In the final step, the developed decision support with
the associated software is validated within a case study and in expert
interviews.
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Figure 1: Research design.

LITERATURE ANALYSIS AND REQUIREMENTS

Business models are becoming increasingly service-oriented through the use
of key technologies such as the Internet of Things (Paiola and Gebauer, 2020).
The change from pure product sales to servitisation, i. e., the integration with
services in the sense of product-service-systems requires a rethinking of the
value a company can offer to a customer (Osterrieder, 2021). However, when
considering the value proposition in business models, the understanding of
value must always be in line with current circumstances, as reflected, for
example, in the issue of sustainability. The generation of value and decisions
on how to implement the proposed value in business models must be viewed
with increasing foresight to be able to adapt to market conditions as quickly
as possible. As a result, this chapter deals with the requirements of decision
support for the foresighted planning of digital business models based on the
analysis on foresighted decision support solutions and the understanding of
“sustainable value” from literature and practice.

Analysis on Foresighted Decision Support

The literature analysis revealed 115 sources to be analysed. According to the
research question, the search terms consist of a combination of the terms
business model, foresight and decision support and synonyms which are
connected with boolean operators. The analysis was not limited to digital
business models, to ensure broader adoption of relevant solution approaches
and requirements. The literature analysis was based on the databases of
ScienceDirect and Web of Science. After screening, research, and evaluation
of suitability, 8 hits remained, which were analysed for usable components
and weaknesses in terms of the derivation of requirements for decision
support for the foresighted planning of digital business models. A direct
reference to the planning of business models is only available in one source;
the other sources found offer an indirect reference and the possibility of
transferability to the planning of business models. The results of the literature
analysis are shown in Table 1.

Table 1: Results of the literature analysis on existing solutions.

Source Type of Decision Support  Integration of Foresight

(Yan, 2018) Simulation-based simulation of future
decision support for strategies
business model strategies

Continued
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Table 1: Continued

Source

Type of Decision Support

Integration of Foresight

(Amezcua-Martinez
and Giuiemes-Castorena,

2010)

(Flipse et al.,, 2015a;

Flipse et al., 2015b)

(Lee et al., 2021)

(Nazemi et al., 2022)

(Paasi and Valkokari,

2010)

(Shavazipour et al.,
2021)

(Stummer et al., 2021)

high-level Foresight
Control System
to  identify  current
technology trends

and develop business
opportunities from them
a tool that can support
interdisciplinary ~ teams
during on-going
innovation practices
to explicitly discuss and
consider Responsible
Research and Innovation
-relevant aspects/Key
Performance Indicators
(KPIs)

integration of  data-
driven approaches
with  expert insights
for  technology and
innovation roadmapping
realisation of an
explorative visualisation
approach that makes it
possible to graphically
identify technology
trends and their probable
future potential, based
on temporal data sets
framework for strategic
decision-making  with
monitoring  of ideas
with the phases ‘Stop’,
‘Hold> or ‘Continue’
and filtering of ideas
through expert ranking
and visualisation
exemplary questions
of decision makers in
the context of multi-
objective  optimisation
problems with the help
of visualisations
combination of agenda-
based modeling with
scenario analysis

different proposals for
methods for carrying out
foresight on technology
trends

simulation of KPIs in the
future (factors that can
be influenced)

future scenarios to derive
various ideas for each

scenario;  trends for
technologies out of e.g.
patents

indication of the

possibility of prediction
and foresight based on
statistical and learning
methods  with  the
temporal data

largely based on Delphi
procedure and definition
of future signposts

visualisation of different
scenarios

integration of Scenario-
Technique
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Understanding of “Sustainable Value”

Companies should be put in a position to make strategic use of economic
considerations across products and product lifecycles. And thus, also to
take on social and ecological perspectives to develop digital products and
services sustainably. With the help of a second literature analysis and
expert interviews an understanding of the “sustainable value” of digital
products and services is defined and visualised as a part of a collaborative
research project. It considers sustainability in the economic sense — to
place a product that is economically viable in the long term — and
includes the other sustainability dimensions of ecology and social aspects
through a list of influence factors for an influence analysis. For the list,
existing lists of influence factors, such as those from (Graessler and Tusek,
2024) on sustainability criteria and digital value drivers from (Cigaina
and Riss, 2016), were also collected in a list of influence factors. The
list supplement the understanding, in order to clarify the levers of value
and influence factors of all dimensions of sustainability. The key findings
regarding the understanding of “sustainable value” are presented in Table 2
(cf. (Grassler et al., 2023).

Table 2: Key findings of the understanding of “sustainable value”

Key Findings

The perspectives of customers and other stakeholders must be understood and
considered, including the environment and society.

Value is created by realisation, for example in form of value and delivery systems,
using resources, activities and processes, and thus generates costs in monetary and
non-monetary form.

Value is created by a company or in a network that acts together and learns from
each other, which is called the ecosystem. From the customer’s point of view, the
service offered, and the resulting value of the ecosystem should exceed the sum of
the individual contributions of the actors.

Value should be aligned with customer’s perception of value to maximise revenue.
The product offered is realised through performance. “Sustainable value” (esp.
through digital business models) is changing from product orientation to a service
orientation and to a combination of the two, a Product-Service-System (hybrid
performance).

Relationship is secured by a contract (legal view). Once the contract has been
conclu-ded, there are correction mechanisms that can have both a legal and a
business effect.

“Sustainable value” is created by ease of use without complicated details and usage
hurdles for the customer, e.g. by providing additional services with a tangible
benefit.

Value is influenced by different value drivers, these value drivers are levers that
affect both the proposition and the realisation of value. When creating “sustainable
value”, the value drivers of the three areas of economy, ecology and social affairs
must be considered with the aim of integrating all areas.
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Requirements of Decision Support

Based on this understanding of value and on existing solutions, a workshop
was held to derive requirements for decision support that builds on the
understanding of “sustainable value”. The requirements particularly address
the need to ensure that the understanding of value is applied in a practice-
oriented manner within the company. The requirements are shown in Table 3.

Table 3: Requirements for decision support.

Requirement

Decision support must be able to answer the question of how expensive it is to
convert to a product-oriented digital business model.

Decision support must integrate a target group analysis to take into account the
different perspectives on value.

Decision support must consider the perspective of influence factors (esp. value
drivers) of all fields of sustainability - economy, ecology and social.

Decision support must represent the prerequisites of key digital technologies and
concepts of digital business models.

Decision support must take up and demonstrate existing concepts for digital
business models and offer the option of adding further concepts.

Decision support must be considered functional in industrial practice and consider
needs and problems of enterprises when introducing digital business models.
Decision support must help to select and understand the appropriate value drivers.
Decision support must include a risk analysis.

Risk analysis to support decision must consider future trends.

Decision support must help define value propositions distinguishing between values
assumed by customers and values offering additional benefits.

Decision support must be compatible with familiar thought patterns and methods.
Decision support must continuously integrate future perspectives.

Decision support must include an explanation based on an example.

DECISION SUPPORT FOR THE FORESIGHTED PLANNING OF
DIGITAL BUSINESS MODELS

Based on the identified requirements, decision support is developed to
support enterprises in the foresighted planning of their own value proposition
and the appropriate product-oriented digital business models. Decision
support is oriented on the Industry 4.0 technology classification according
to (Hummel et al., 2018). According to this, a concept for a digital business
model must be chosen before a concrete elaboration of the business model
can take place. Such a concept is always associated with a specific type of
technology. Decision support provides assistance at the concept level: Based
on various alternative concepts, the most suitable one can be selected, which
is then elaborated in detail in a business model.

A pre-defined list of concepts for digital business models, including
descriptions of these concepts and their classification into phases of the
customer journey and product life cycle, serves as the basis for decision
support. This list of concepts can be supplemented by companies with
further ideas for concepts. Firstly, a checklist with control questions and
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prerequisites, including the competencies required for the introduction
of digital business models and supporting methods is offered to support
decisions. Secondly, a list of value drivers for digital business models and
influence factors, similar to a list of main features in requirements engineering
is provided. Additionally, support is provided for conducting future analyses:
In particular, future analyses include conducting an influence analysis of
the factors, generating future scenarios, and evaluating ideas based on
future scenarios to make particularly resilient, future-proof business model
decisions. The functions and content are combined in a software.

The given checklist and the associated software focus on combining
various analyses necessary for selecting a concept for digital business model
with the topics of task and target group, value, and foresight. Particular
attention is paid to continuously taking foresight into account:

. future scenarios are created using Scenario-Techniques based on a
software tool (recommendation is an evaluation based on 3 future
scenarios; (Graessler and Tusek, 2024; Grafller et al., 2017),

« arisk analysis is carried out based on the scenarios,

. a separate influence analysis is carried out to identify the influences on
and arising from the concepts under consideration, and

. concepts with their associated technologies are evaluated based on future
scenarios.

The analysis refers to an initial evaluation of concepts on the current
market situation. Every concept represents a potential business model, so
that this is already an intrinsic perspective on future potential. Based on
this assessment without changes in the environments resp. influence fields, a
future perspective is added to the evaluation by using the future scenarios in
an additional evaluation step (evaluation in a portfolio). Evaluation is carried
out based on evaluation criteria (as in (GrafSler and Koch, 2022)) which are
clustered according to effort and benefit and presented in a portfolio. Each
concept is evaluated at the current market situation and evaluated by taking
the created future scenarios into account. Evaluation criteria are benefit
and effort, which depend on internal and external factors, for instance, on
different technological evolutions, market developments or infrastructure
surroundings. While scenarios are always the same, the evaluation per
concept typically differs. By evaluating a concept using scenarios and then
connecting these evaluations with connecting lines, a future space (triangle) —
referred to intersection area of the future funnel from (Reibnitz, 1992) — can
be created (Figure 2). This future space shows how the future robust the
individual concepts are. The smaller the future space triangle, the more robust
the concept is in relation to future developments. Furthermore, a positive
evaluation of the effort and benefit of the concept in all scenarios indicates
a high degree of future robustness. Building on this, foresighted measures
can be developed for each selected concept that should be taken if a certain
scenario occurs to ensure the success of a company’s digital business models.
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Figure 2: Portfolio evaluation of concepts with integrated future perspective.

Decision Support Tool

The Decision Support Tool consists of the checklist and a supplemented
software. Based on the contents of the checklist, the software offers two
modes: A simple mode with questions and subsequent evaluation to discuss
the suitability of the company’s own considerations for various business
model concepts. A presentation of various concepts of digital business models
with exemplary use cases and descriptions helps to gain an understanding
of different concepts. The simple mode can be completed with an own
evaluation of the concepts.

The advanced or expert mode is used for a more detailed, company-specific
analysis of digital business model concepts. The software comprises analyses
on the topics of task and target group, value and foresight in separate tabs.
The individual analyses are consolidated in a dashboard, which, in addition
to providing a foresighted assessment, serves as an individually configurable
decision support in a visually prepared format. The software is used to
support analyses that are carried out, for example, by applying methods in
workshops. Results of the application of methods can be collected directly
in the software or can be deepened in a workshop and then be entered into
the software. After entering the results of all analyses, a dashboard is created
as a summarised result suitable for management (Figure 3). The dashboard
can be customised by the user so that the information the user considers as
necessary can be displayed.

The software is fed by a database that contains, in particular, the list of
influence factors from the checklist, and exemplary characteristics of the
influence factors have been defined and already evaluated in an influence
analysis. Various starting points can be selected in the task and target group
analysis: the direct selection of a concept or by suggesting suitable concepts
via the selection of predefined pain points or the selection of a step to be
addressed in the customer journey — attached on the evaluation of the fit in
simple mode. Based on the selected concept for a digital business model, a
use case and the company’s target group can be described.
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Figure 3: Exemplary structure of the dashboard of the decision support software.

The topic value analysis is divided into a benefit analysis — to consider
the value proposition — and a cost analysis to consider the realisation. The
benefit analysis focuses on the value proposition for the end customer. Based
on the elements of value according to (Almquist et al., 2018), the value
for the end customer is visually displayed. Elements can be selected for the
respective concept in a first step. The value can also be supplemented by more
detailed descriptions. In the cost analysis, the general requirements for the
introduction of product-oriented digital business models are presented in a
list. Each requirement is explained in a description, detailed with an example,
and a cost framework is given for the respective requirement. Additional
requirements are listed for the concepts for digital business models. In the
software, the costs that would be incurred in the company when introducing
the concept can be selected.

The first step in the foresight topic is an overview of the risk analysis,
in which risks can be collected and evaluated. To support the risk analysis,
influence graphs and future scenarios can be created using the Scenario-
Technique by integrating a corresponding tool (Graessler and Tusek, 2024).
In addition to the Scenario-Technique, a further trend analysis can also be
used to consider megatrends and identify risks based on them. Analyses
can be carried out for different concepts, enabling a comparison of several
concepts. A separate overview is then created in the dashboard for each
concept. With the help of guiding questions, the priorities of the company can
be matched to the appropriate concepts, so that, the appropriate decision can
be made based on e.g. capacity, speed of implementation or degree of novelty,
and the time to implement the concept can be planned.

Validation

Validation of the decision support is carried out based on expert interviews
and workshops with companies in the mechanical and plant engineering



Software-Supported Decision Support for the Foresighted Planning 135

and software development sector. In the first interviews, the definition and
visualisation of the key findings of “sustainable value” were queried with the
result that the definition reflects an understanding of the “sustainable value”
of digital performance.

In preparation for the decision support interviews, the software’s database
was filled with sample data and detailed using a case study. Figure 4
shows an excerpt from the influence graph for the “Augmented Reality for
maintenance” concept from the case study, which shows the factors that are
strongly and weakly influenced by the concept, as well as indirect influence
factors. In the interviews conducted for decision support, the interviewees
confirmed the added value of decision support and appropriate selection of
content for planning suitable digital business models.

user experience key
53] customer satisfaction | @ directinfluence factor

indirect influence factor
— strong impact
weak impact

ersonal capacity
/”‘& Natural disasters

@ Customer demand for
sustainable products

@ data security

Figure 4: Excerpt of the influence graph of augmented reality for maintenance.

The decision support provides support in applying the understanding
of “sustainable value” by planning and communicating value and
understanding the value drivers and influence factors. The list of influence
factors can be used to improve the value communication process as
inspiration and clarification of values by working through all value areas
step by step. In addition, integrating the list into the software’s database can
facilitate the implementation of the Scenario-Technique and provide valuable
input for the analysis block of foresight. Furthermore, the decision support
tool is particularly helpful in selecting a digital business model concept that
is tailored to the needs of the organisation and can also be prepared for
decision-makers. The decision support tool assists with initial planning and
can also help with the specific selection for implementation by enabling
detailed analyses. The link to foresight also ensures that companies are
prepared for various future scenarios and can thus take timely measures to
ensure the success of their own business model. The foresight is therefore not
a separate block but is embedded in the tool in such a way that the link to
innovation management is clear.

CONCLUSION

The developed decision support for the strategic planning of digital business
models helps to identify the conditions for introducing a concept for digital
business models and to illustrate how it can be mapped to a company’s own
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needs and circumstances. It supports foresighted decisions and provides a
management-friendly view of risks on digital business models. To relieve the
burden on small and medium-sized enterprises in particular and enabling
them to make informed decisions with little time and information-gathering
effort, the time required for analyses can also be reduced by linking to the
database developed in the project.

The software also provides valuable input for the next step in business
model development. For example, the integrated trend analysis and Scenario-
Technique can be used to collect initial content for fields in a business model
canvas like in (GrafSler et al., 2023). Also, the integration in a Scenario-
Tool enables tool-based support for the implementation of the Scenario-
Technique. At the same time, the integration of the Scenario-Technique into
strategic product planning is focussed and the purpose of this method is
clarified.
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