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Abstract: New technological possibilities and paradigm shifts from product-centered to
service-centered offerings are one of the main drivers of business models. Business ventures today
are more and more networked. Often, various partners are needed to deliver a service or product
to frequently cross-linked customers with sometimes bi- or even multi-variant roles. Furthermore,
business models are embedded in socio-technical systems where different kinds of needs and values
of all actors, including social, ecological, technical and economic values, have to be balanced. The
resulting complex network of actors, needs and values requires continuous management in order
to create and operate viable and sustainable business models. This paper proposes a multi-layer
framework to analyze existing business models as well as to shape new business ventures in a
networked and values-based way and to support the identification of tacit network effects within
business ecosystems. Based on an existing multi-layered analysis toolkit, focusing on legal and
business dynamics aspects, an enhanced visualization and analysis tool is proposed that focuses
especially on ethical, social and environmental aspects to foster the creation of (strongly) sustainable
business models. The research process to create the presented approach followed the Design Science
Research paradigm by applying argumentative-deductive analysis (ADA) and first applications in
real-world case studies. A practical case from an international Open Source Software (OSS) project
serves as an example to illustrate this values-based visualization and analysis layer and its benefits for
managers and decision makers in the area of business model and information system management.

Keywords: information systems engineering; business model innovation; sustainable business
models; design science research

1. Motivation

The general goals of business model innovation and information systems engineering are to
improve business processes of service providers (value creation) and to support tasks of users and
customers to ultimately meet the goals of these multiple stakeholders (value proposition) while
ensuring economic viability (value capture) [1–4]. New digital artifacts such as new information
systems are embedded into socio-technical systems (STS) consisting of human, organizational,
technological and social structures, which are enclosed by a societal context [5–7]. Beside general
aims of participants in a business ecosystem such as monetary or other types of profit, the wide
spread awareness of ecological challenges accompanied by recent developments in the area of
ecological movements and their claim for sustainable development [8] fosters the need for strongly
sustainable business models [9] (also denoted as New Business Models (NBM) [10,11]) and a general
inclusion of these needs into approaches to design and manage their business models. In this
regard, we follow Upward and Jones [9] (p. 17) and use the terms sustainable or strongly sustainable
in conjunction with business models synonymously to emphasize the striving for “[. . . ] simultaneously
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creating financial rewards, social benefits, and environmental regeneration”. Furthermore, the different
values and needs that have to be considered to succeed in ecosystem management do not solely cover
economic and ecological aspects. Also ethical needs of stakeholders have to be taken into account.
Unmet ethical needs may bring whole projects at risk or may even lead to complete failures, as an
abandoned Dutch electronic patient record system project showed in 2011 [12]. By not succeeding to
properly include the key need of privacy of end users in the design of the business model and the
underlying information system, the project resulted in a e300 million loss. Therefore, to be able to
design, engineer, deploy and manage digital artifacts and their business models in a complex STS,
detailed insights into the needs of all participating actors are required [13]. Knowledge of the needs
of each actor is essential to determine satisfiers for their needs. The needs and satisfiers concept is
based on Max-Neef et al. [14], who created a generic concept for the relation between human needs
and ways of satisfying these needs, denoted as satisfiers. It is important to identify the desires of each
participant in an ecosystem, which is essential to arrange a viable business model ecosystem. The
presented framework supports identifying and modeling the needs of the participants of an ecosystem
and consequently to gain insights on the motivation levels of each participant to contribute to the
ecosystem. These motivation levels affect the emergent behavior of socio-technical systems, which
make them to a crucial aspect to analyze and manage business ecosystems.

Needs of users can be diverse and can have their roots in fundamental and general forms, as
described by Max-Neef [14], such as subsistence, protection, affection, creation and identity. Especially
relevant for the focus of this article are the basic needs affection and identity, because they deal with
aspects such as “relationship with nature”, “values” and “norms” [14]. In addition to fundamental
needs, the enhanced framework proposed in this paper also facilitates the modeling and analyzing of
task or job related needs seen from a STS perspective. Here, the ecosystem is intended to satisfy work
or task related needs of specific actors, while preserving viable business models for each contributing
actor. Examples therefore can be information systems that support actors in accomplishing tasks more
efficiently, while simultaneously generating satisfiers in return for actors providing or enabling this
information system. Furthermore, as described by Max-Neef ([14], p. 17) “[a] satisfier may contribute
simultaneously to the satisfaction of different needs or, conversely, a need may require various satisfiers in order
to be met.”

The need for holistic and sustainable innovation is also highlighted by engineering and business
driven research areas. As an example, Böhmann et al. [15] lined out future research directions
in information systems engineering by stating, “[. . . ] that the combination and integration of social,
technological, economic and even societal design elements will become even more relevant in future” ([15],
p. 374). Current developments in the area of sustainable business models go in line with this statement.
Future business models should not solely focus on monetary aspects of services, but also include
non-pecuniary needs of users and society [9,16,17]. The framework presented aims to support the
generation of sustainable business models and their corresponding information systems by targeting
the following two goals:

• Inclusion and management of social, technological, economic and ecological aspects in information
systems engineering to foster service design, aiming at ensuring successful integration and
acceptance of digital artifacts in STSs.

• Fostering sustainable business model analysis and design by providing multifaceted insights into
needs of users and service providers, legal constraints and dynamics of value exchanges.

2. Introduction

In this paper, we propose a tool that is intended to support the modeling and analysis of
sustainable business models by facilitating a networked perspective on the business model, its actors
and the values and needs of these actors. With regard to the creation of sustainable business models, it
is important to know and represent the values of the actors and how they are met in the overall context
of the business network. The values and needs layer proposed in this paper, and also the other layers
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presented, which are built upon existing concepts and enhance them in selected aspects, have been
developed in the domain of information system projects. The values and needs layer is intended to
support the analysis of the needs and satisfiers of actors in a business context. It may serve information
system designers and also business model designers to gain insights into the values of the actors
in a business network. In the context of business models, and especially in the area of sustainable
business models, this networked perspective supported by the values and needs modeling tool may
provide useful insights for managers. As shown in more detail in Section 3, existing sustainable
business models are often represented in a component-based and not networked way. This type of
representation provides a very valuable and abstract view on a business model, but may also run
at risk to miss important aspects of a complex system such as a business model. In this regard, we
also refer to Massa et al. [18], who stated that “[w]e believe that much is to be gained by moving beyond a
discussion of BMs [business models] that focuses on its static representation and rather starting to theorize on
the interdependencies” ([18], p. 64). They categorized business models as complex systems and pointed
out that “[t]he more we move from simpler to more complex system, the less the level of the static framework is
sufficient in providing a comprehensive picture that would allow understanding the system” ([18], p. 63). The
network perspective on values and needs proposed in this paper and the other layers presented, allow
grasping selected aspects of elements and dependencies of a business model, which are important for
the analysis of complex systems. Furthermore, Massa et al. [18] listed aspects of business models that
are important for analysis and concluded as follows: “[. . . ] the more we move toward systems of increased
complexity, the more we need to account for aspects such as the role of information flows and interpretation,
purposefulness and intentionality, and, in general, complex interdependencies, if we are to understand how such
systems ultimately work. As we propose below, these aspects have largely been ignored within the literature on
the BM” ([18], p. 62). Similarly, Biloslavo et al. [19] (p. 761) pointed out the need for future research
in this area by stating: “While some advances have been made in consolidating and beginning to understand
the state of the art in BM research, there is still a gap relating to the sustainability and eco-agenda, and the
need to develop the understanding of co-operation, co-creation and values as vehicles to deliver a sustainability
driven BM.” While being aware that the tool presented in this paper is not fully able to represent and
analyze a complex system such as a business model on a fine grained level, the networked perspective
on the values and needs of actors may contribute to the existing literature, which mainly focuses
on component-based forms of abstraction. Furthermore, the networked representation proposed
may serve as a basis for more detailed modeling and analysis forms such as agent-based modeling
(ABM) and the simulation of scenarios based on these models. This would enable to grasp insights on
emergent behavior inherent to complex business model systems, based on quantitative approaches.

This paper is structured as follows. Sections 1 and 2 provide an overview on the motivation for
this paper and a general introduction to the main theoretical concepts underlying this paper. Section 3
focuses on the targeted main research area of sustainable business models. It provides an overview on
important related work in this field and points out the need for a tool which supports the networked
representation and analysis of values in sustainable business models, thereby complementing existing
frameworks. Section 4 embeds the presented research in a larger multidisciplinary context by providing
an overview of related research fields targeting also sustainable development based on different
scientific backgrounds. Section 5 provides an overview of the research method applied and also
discusses limitations of this work. Section 6 presents the new values and needs layer proposed in this
paper in the context of already existing layers. These already published layer concepts [20–22] are also
described briefly to present the framework in its entirety and to illustrate the benefits of this integrated
framework. Section 7 illustrates the application of the proposed values and needs layer with a concrete
example in form of a real-world business model in the open source domain. Sections 8 and 9 provide
a discussion and an outlook of the work presented. Furthermore, Figure 1 illustrates the applied
research method and includes references to the sections, which describe the corresponding aspects in
more detail.
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3. The Need for a Networked Values-Based Modeling Tool Complementing Existing Frameworks

Conventional graphical business model frameworks such as the Business Model Canvas (BMC) [2]
serve well to structure basic building blocks of business models from an ego-centric perspective [23].
These concepts also facilitate the communication process about business models on an abstracted level.
However, business models are more and more connected, which requires also a shift to network-centric
tools and frameworks for business model engineering [9,16,24]. Although graphical business model
frameworks are powerful tools through their simplicity, their still rather high level of abstraction results
in their weakness of presenting an in-depth understanding of the dynamics and network externalities of
business models, which can especially occur in sustainable business models [25]. Consequently, they
lack in representing complex systems, which increasingly include social components such as human
interactions, organizations or the society [18]. Although current business model representations in the
field of sustainability highlight the importance of networked effects, i.e., their dynamics and complexity,
they hardly provide a visual and easy to use representation of them. We complement these frameworks
by providing this complexity perspective, as highlighted by Massa et al. [18].

Widely spread graphical frameworks for business model and service design, such as the Business
Model Canvas [2], focus on customers and in certain cases also on needs of providers [26]. The
needs covered by these frameworks emphasize functional and non-functional aspects which support
customer’s processes. Despite some general notices (e.g., the Value Proposition Canvas [3] indirectly
mentions ethical aspects), and the component based framework of Ojasalo and Ojasalo [26], ethical
and ecological values are hardly covered in established business model innovation frameworks in a
holistic way. As a consequence, research strands such as the NBM community strived for frameworks
that support the creation of strongly sustainable firms, which was defined by Upward and Jones [9]
(p. 103) “[. . . ] as an organization that only enabled strongly sustainable outcomes as one that creates positive
environmental, social and economic value throughout its value network, thereby sustaining the possibility that
human and other life can flourish on this planet forever (Ehrenfeld [27]; Willard et al. [28])”. As a recent
analysis of Breuer et al. [29] referenced by Glinik and Vorbach [30] shows, frameworks such as the
Strongly Sustainable Business Model Canvas [31], the Value Mapping Tool [16], the Values-based
Innovation Framework [17,24], the Sustainable Business Canvas [32], the Triple Layered Business
Model Canvas [33], and the Business Model Canvas (BMC) approach extended for infrastructure [34]
are explicitly targeting this new research field. These frameworks mainly foster the initial step of
sustainable business model innovation processes by providing high-level workshop formats and
component based business model visualization tools. This leaves room for frameworks that support
required iterations after first high-level workshops, focusing on the networked values constellations
of sustainable business models. Table 1 provides an overview of an analysis of common sustainable
business model frameworks. The selection of the frameworks is based on [29] and is enhanced by the
Value Triangle (VT) and VT Business Model Canvas [19], and the visual coding scheme developed by
Brehmer et al. [35], herein after referred to as Visual Coding Scheme for Sustainable Business Models.
The analysis is structured according to the following criteria:

• Network perspective: As indicated above, business model innovation frameworks need to take
a network-centric perspective on the entire ecosystem of actors co-creating value propositions,
rather than focusing on a single firm or actor (ego-centric). Regarding this aspect, we analyzed
if the framework includes a network perspective as a conceptual or theoretical underpinning
depicted as “implicit” and if this network perspective is also represented in the visualization of
the framework, depicted as “explicit”.

• Type of visual representation: According to the categorization of visualization forms of business
model frameworks of Täuscher and Abdelkafi [36], we structured this criterion into:

– Elements or component based view: A typical example for this form of business model
frameworks is the BMC where predefined tiles provide a basic static structure to be filled.
According to Täuscher and Abdelkafi [36] (pp. 164f), a framework “[. . . ] is assigned to the
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elements view when it contains a specific specification of different business model elements, or if it
represents a template to be filled out with such information.”

– Transactional view: This category is characterized by elements representing actors or
stakeholders of a business model and arrows in between them which represent value
exchanges [36]. Typical examples thereof are value network notations such as e3

Gordijn et al. [37], Allee’s framework [38] or Biem and Caswell’s value network notation [39].
However, as stated by Breuer and Lüdeke-Freund [17] (p. 162):

“While the traditional view of value networks focuses on the creation of competitive advantages
and economic value for network members, it does not consider their notions of the desirable
and normative orientations, which may motivate the formation and persistence of networks, or
which may lead to their collapse in the case of diverging and incompatible values. Although
the value network framework by Allee (2000, 2011), as a prominent example, extends the
notion of value to account for the exchange of goods and services, knowledge, and intangible
benefits such as customer loyalty or image enhancement, it does not include the underlying
value commitments and normative orientations of exchange partners.”

– Causal view: In this category, elements are connected by arrows, which represent causal
connections [36]. Business model representations are assigned to this category if “[. . . ] the
visual representation reveal[s] major causalities between the textual elements” [36] (p. 166).

• Stakeholder needs and satisfiers: As described by Breuer and Lüdeke-Freund [17] (p. 162)
referring to Peppard and Rylander [40] (p. 135) “[p]erceived value is a key driver of behaviour which in
turn is a key force of network development.” By explicitly representing the needs and the satisfiers of an
actor, the perceived value may be anticipated and visually represented. As described by Täuscher
and Abdelkafi [36], visual representation of business model systems supports experts to cope
with complexity and analyze the relationships of a system [41,42]. Furthermore, Täuscher and
Abdelkafi [36] highlighted that it frees cognitive processing power [43] and fosters communication
with other experts on different organizational levels and external stakeholders [44]. Therefore, the
visual representation of values, their satisfiers and the level of needs met is seen as important for
analyzing values-based networks and as a consequence is included into the analysis structure of
existing NBMs as follows:

– Explicating needs: The needs of the actors or stakeholders are explicitly represented in a
visual form.

– Explicating satisfiers and needs met: The satisfiers and results of satisfiers as level of needs met
are explicitly represented in a visual form.
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Table 1. Analysis of existing NBM innovation frameworks (selection of frameworks based on Breuer et al. [29]).

Framework Network Perspective Type of Representation Stakeholder Needs

Implicit Explicit Component Based Transaction Based Causality Based Explicating Needs Explicating Satisfiers

Strongly Sustainable
Business Model
Canvas [31]

business’ value
network [31] (p. 2) - yes - - visualization not

networked

through value
propositions [31] (p. 5)
visualization not
networked

Value Mapping
Tool [16]

stakeholder network
[16] (pp. 485, 488)

stakeholder groups [16]
(pp. 489f), but no
networked representa-
tion [16] (p. 488)

yes - - implicit in value
dimensions [16] (p. 488)

implicit in value
dimensions [16]
(p. 488), visualization
not networked

Values-based
Innovation [17,24]

network of actors [24]
(pp. 1ff)

networked structure
[24] (p. 16)

yes, in the Business
Innovation Kit [17]
(p. 194)

- -
implicit in [24] (pp. 15f),
visualization of needs
not networked

implicit [24] (p. 16),
visualization not
networked

Sustainable Business
Canvas [32]

analysis of environ-
ment [32] (p. 6) - representation in [32]

(p. 7) - - questions in [32] (p. 12),
no explicit modeling

questions in [32]
(pp. 10, 12), no explicit
modeling

Triple Layered Business
Model Canvas [33] - - yes [33] (p. 1483) - -

through value
proposition [33]
(p. 1481), visualization
not networked

indirect in value
proposition and social
stakeholder layer [33]
(p. 1481), no
networked
visualization

BMC extended for
infrastruc- ture [34]

STS, actors, networks
[34] (p. 4) - yes [34] (p. 10) - -

value proposition [34]
(p. 10), no networked
visualization

value proposition and
stream extensions [34]
(p. 10), no networked
visualization

Value triangle and VT
BMC [19]

co-creation [19]
(pp. 755f) - yes [19] (pp. 755ff) - -

through value
propositions [19]
(pp. 755ff), no
networked
visualization

through value
propositions [19]
(pp. 755ff), no
networked
visualization

Visual Coding Scheme
for Sustainable
Business Models [35]

boundary-spanning
perspective [35]
(p. 4514)

yes [35] (p. 4517) - yes [35] (p.4516) - - implicit through value
transfer [35] (p. 4516)
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In the performed analysis, we identified several similarities, differences and the need for an
explicit networked and values-based modeling tool as follows:

The Strongly Sustainable Business Model Canvas [31] is based on a network-centric perspective
on a business model, but does not explicitly visually represent it. This framework follows a component
based type of visualization. Regarding the criteria of explicating stakeholder needs, the framework
explicitly mentions needs in the course of guiding questions [31] (p. 5), but there is no explicit guiding
structure despite human and non-human actors’ fundamental needs. Task or business related needs
are not explicitly mentioned. The framework visually represents needs in a component based and not
networked way. With guiding questions about the value propositions, such as “How does each value
proposition relate to meeting an actor’s need or might prevent an actor from fulfilling a need?”, the framework
deals with needs and satisfiers. Analog to the needs, this aspect is also represented in a component
based and not networked way.

The Value Mapping Tool by Bocken et al. [16] includes a network perspective as a theoretical
underpinning becoming obvious with pointing out the need for a networked perspective [16] (pp. 485,
488). It does not visually represent value exchanges in a detailed way. The visualization provided
by Bocken et al. [16] (p. 488) illustrates the value proposition of the network in the center, but does
not represent each value exchange and the value propositions in a networked way. Furthermore,
stakeholders are grouped “to facilitate a multiple stakeholder view of value.” [16] (p. 489). The value
mapping tool follows a component based visual representation and does not represent needs of actors
visually. It includes various types of values and also the concept of perceived and actual values as a
textual representation in the simplified value mapping tool [16] (p. 491), but not in a networked way.

The Values-based Innovation Framework [17,24] clearly points out the importance of a network
of actors that contributes to a BM [24] (pp. 1ff). The visualization in [24] (p. 16) shows a networked
structure of business model components, business models of actors, and values and normative
orientations on a very high and schematic level. The intention of this illustration is to show “[. . . ]
how values-based networks are centered on shared values and normative orientations, while the participating
actors pursue these within their different business models and business model components” [24] (p. 15). This
points out the networked character of business models. The Business Innovation Kit [17] (p. 194)
follows a component based visual representation. Furthermore, a visual representation of a business
ecosystem in [24] (p. 21) includes actors and lines between the actors, but without transactions or
directed causal relations. Stakeholder needs and satisfiers were implicitly covered by Breuer and
Lüdeke-Freund [24] (pp. 15f) by proposing “[. . . ] the formation of values-based networks consisting of viable
and sustainability-oriented business models. This requires a synthesis and careful definition of not only the
values and normative orientations of all network stakeholders, but also the multiple value propositions offered to
them and the valuable outcomes created with and for them.” The visual representations specified in [17,24]
do not explicitly visualize needs and satisfiers in a dedicated and networked way.

The Sustainable Business Canvas [32] is based on an ego-centric perspective and is consequently
not visualized in a networked way. The framework is represented in a component-based form.
Regarding the criteria of explicating needs, our analysis indicated no explicit visual modeling.
However, textual questions are included in the framework such as [32] (p. 12) “Does your business model
generate additional value for other stakeholders, or can additional actors’ needs which have not been satisfied
so far be taken into account and utilized?” can be interpreted to target this aspect. Analog to this, the
questions “Describe the positive impacts of your products and services on the environment and society [. . . ]”
[32] (p. 10) or “For which value are your customers really willing to pay for? How high is your customers’
willingness to pay?” [32] (p. 12) can be interpreted to aim to cover the concepts of satisfiers and needs
met partially. Nevertheless, there is no explicit visual modeling of it.

The Triple-Layered Business Model Canvas by Joyce and Paquin [33] does not mention
a network-centric perspective as a conceptual underpinning and consequently does not
represent a networked perspective visually. Similar to the Sustainable Business Canvas of
Tiemann and Fichter [32], it is component based in its framework representation. Needs and satisfiers
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can be interpreted as implicitly included for end users in the value proposition aspect based on the
following paragraph:

“The end-user is the person who ‘consumes’ the value proposition. This space is concerned with how the
value proposition addresses the needs of the end-user, contributing to his/her quality of life. Users with
similar needs have typically been segmented based on relevant demographics—e.g., age, income, ethnicity,
education level, etc.” [33] (p. 1481).

Furthermore, needs and satisfiers for the society are represented through the social stakeholder layer
[33] (p. 1480). Nevertheless, there is no networked visual representation of these two aspects and not
necessarily all stakeholders (e.g., partners, suppliers, etc.) of the value creation process are captured.

The BMC extended for infrastructure by Foxon et al. [34] is grounded on a network perspective
derived from the following paragraph [34] (p. 4):

“Energy systems are inherently complex, large sociotechnical systems, in that they consist of large number
of actors, interacting through networks under changing infrastructures and institutional structures,
aiming to provide services including warmth, power and lighting to users” [45].

This networked aspect is not represented in the visualization of the framework. It can be categorized
as a component based framework [34] (p. 10). It does not explicitly visualize needs. The concept of
satisfiers can be interpreted to be implicitly covered by the extensions for social and environmental
value streams and propositions [34] (pp. 1ff). Nevertheless, there is no networked visualization of
these aspects provided by the framework.

The Value Triangle (VT) and the VT Business Model Canvas (BMC) provide a framework to
represent sustainable business model concepts. These concepts are based on a networked view on
sustainable business models, where “[. . . ] firms co-create value within a business ecosystem that includes
society and natural environment (see Stubbs and Cocklin [46]”) [19] (p. 755). The value triangle serves as
a basic structure pointing out various types or values perceived by partners, customers and public
and by explicitly pointing out the importance of the interrelation of the business model with society.
Furthermore, the VT BMC provides a component based form of representing various aspects of a
business model including sustainable aspects. Categorized according to the scheme in Table 1, the
VT and VT BM canvas build on a networked business model basis, but do not explicitly visualize
this networked perspective. Both framework concepts use a component based type of representation
for business model aspects and implicitly represent stakeholder needs and satisfiers with the value
proposition structure included.

The Visual Coding Scheme for Sustainable Business Models of Brehmer et al. [35] (p. 4514) use
“[. . . ] a boundary-spanning perspective on business models” to analyze existing sustainable business models.
They visually represent business model actors and their value transfer relationships to represent
the structure of the business model. Furthermore, they add a visual categorization of the types of
value transfers by distinguishing between environmental and social sustainable value exchanges.
In regard of the analysis criteria structured in Table 1, their approach can be seen to implicitly and
explicitly follow a network perspective. In contrast to the other frameworks analyzed herein, they
use a transaction based type of representation. The values exchanged can be interpreted as a way to
explicate satisfiers for stakeholder needs, but the approach does not explicate the needs of stakeholders,
or the level of fulfillment of needs.

The analysis of existing NBMs in Table 1 indicates the need for a complementing networked
modeling tool for sustainable business models to foster the understanding of such complex systems
and which is capable of providing a detailed view on the values-based needs and satisfiers of actors.
The values and needs layer extending the existing V2 framework proposed in Section 6.2 is targeted
to fulfill this need in combination with the other presented layers, which allow various views on
complex systems such as sustainable business models. This values and needs layer is not intended to
replace, but to complement the listed existing frameworks. While the existing frameworks such as the
values-based innovation framework of Breuer and Lüdeke-Freund [17], Breuer and Lüdeke-Freund [24]
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or Bocken et al. [16] are intended to be used in a high-level workshop format to foster early business
model innovation phases such as initiation and integration [36] (cf. [47]), the proposed values and
needs layer can be used to facilitate follow-up iterations to these initial workshops, which are important
to thoroughly analyze initially generated ideas with the aim to provide more detailed information
on the envisaged business model needed for further stage gate decisions. The need for further more
detailed iterations was also explicitly stated by Breuer and Lüdeke-Freund [24] (p. 25): “The business
innovation kit suggests an iterative process. That is, further rounds of refinement could be used to adjust the
three VPP business models and the network that emerged during the workshop, for example, to better conform to
current laws, regulations and policy frameworks[. . . ].” Consequently, we refrain from defining entire new
workshop formats, but see our proposed framework as an enhancement of existing frameworks to
support iterations in the initiation, integration and also implementation phase.

The framework proposed here provides a visualization tool and analysis method that enables a
more detailed and networked analysis of socio-techno-economic aspects, which also explicitly covers
social aspects and values. Before deepening the toolset to cover these aspects, the concept behind
“value” and “values” used in our work need to be defined in more detail. The word “value” has its
roots in the Latin word “valere”, which can be translated as “something is worth” [48] (p. 39). Instead of
only focusing on the monetary value, the term herein “refers to what a person or group of people consider
important in life” [49] (p. 2). As described by Breuer and Lüdeke-Freund [24], the concept of “values” is
much broader than just pure economic value often denoted as “value”. It explicitly includes social
and environmental aspects in addition to economic desires of actors. This was also concluded in the
description of features of NBMs by Jonker [50] (p. 30) who emphasized the multidimensional nature of
values: “Deliberately creating multiple value(s): this is about aiming for a kind of balance among values such as
nature, care, attention and money.” The notion of values used in this paper follows this wider definition
of Breuer and Lüdeke-Freund [24], which is already commonly applied in NBMs.

Modeling of values provides a basis for covering and balancing the social, societal, economic and
ecological aspects of a business model. By making these aspects explicit for all actors in a business
model, different needs within a value network may be arranged in a viable sense to result in livable
and equitable business models [51] (cf. [8]).

The presented method is intended to foster insights into the networked values exchange and
needs structures that underlie these business models. The proposed values and needs layer, which
complements already published motivation and business dynamics focused layers of the framework,
is intended to provide a way to combine conventional business model mindsets with a detailed
networked analysis framework to support strongly sustainable and social responsible information
system engineering and business model innovation. Existing business model frameworks primarily
focus on monetary aspects. However, the integration of moral and ethical aspects may be an additional
source of innovation that is currently often neglected [24,52]. Therefore, and due to its increasing
importance for business and industry, special focus is placed on integrating ethical values and needs
of all actors in a business’ ecosystem.

The framework presented in this paper is targeted to support the analysis and planning of
information systems with a special emphasis on sustainable business models in a socio-technical
system context. It is intended to contribute to the field of business model innovation and business
information systems engineering and specifically addresses the point made by Böhmann et al. [15],
who defined the integration of social, technological, economic and societal aspects as one of the future
challenges for information systems engineering. Ideally, the framework is embedded in a strategic
business model innovation process such as the Values-based Innovation Management concept of
Breuer and Lüdeke-Freund [24] and Breuer and Lüdeke-Freund [17] or more general in the Dynamic
Capabilities concept described by Teece [53].
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4. Contribution to Related Fields

As stated above, the proposed values and needs layer enhancing the V2 framework is intended to
incorporate social, technological, economic and societal aspects in complex business models. Therefore,
various research strands provide the basis and application areas for the presented new layer and are
summarized in this section. Frameworks of the evolving and increasingly relevant research strand of
New Business Models aiming at innovating sustainable business models are covered and analyzed
in the Introduction. In addition to this application area, the presented framework also contributes to
the business information systems engineering and business model innovation community as a tool
to foster detailed analysis of evolving or new business model concepts. The strong STS perspective
of the values and needs layer explicitly covering social and societal aspects in addition to technical
and economic aspects, implicates to also regard research strands such as Value Sensitive Design and
Responsible Research and Innovation in this section.

4.1. Business Information Systems Engineering and Business Model Innovation

Various frameworks to structure and visualize business models and to guide the related innovation
process have been developed in the past two decades. As a means of providing a short overview, we
distinguish between the following two aspects:

• Static business model frameworks: These frameworks structure aspects of a business model and
describe business model elements in a static way. Frameworks such as [2,54–57] provide important
elements or building blocks of business models including the value proposition aspect. The value
proposition and how it is realized in a value network is, beside the structure inherent to value
distribution for customers including revenue mechanisms and cost structures and the strategic
position of the firm, also an important aspect of the more descriptive concept of a business model
provided by Chesbrough [1]. Analog to this, various sustainable business model frameworks
emerged in recent years. Prominent examples of these frameworks are analyzed in detail in
Section 3 and are therefore not explained in more detail here.

• Service and business model innovation process frameworks: These frameworks guide the
development process of new products and services and are often combined with the static
business model representations or frameworks discussed above. They range from more design
oriented frameworks such as the service design thinking process of Stickdorn and Schneider [58],
to frameworks targeted at business ventures such as the “Five E” framework consisting of
exploration, elaboration, evaluation, experimentation and evolution activities of Breuer [59].
Another important framework specifically targeted at business models with service-dominant
logics was provided by Ojasalo et al. [60], who defined four phases: (1) Map and Understand;
(2) Forecast and Ideate; (3) Model and Evaluate; and (4) Conceptualize and Influence. In the area
of viable and societally acceptable business models, the already aforementioned “Value Mapping
Tool” by Bocken et al. [16] is intended to be applied in a workshop setting to facilitate the
innovation process of business models from a multi-stakeholder perspective. Beside the analysis
of the current value proposition, the tool helps to identify: (1) opportunities for the creation of
new values (e.g., potential new services or products); (2) values that are currently missed (e.g.,
potentials that are not realized by partners); and (3) values that are currently destroyed (e.g.,
negative social impacts, or pollution of environment) as a result of current value creation practices
[16], Furthermore, Breuer and Lüdeke-Freund [17] also provided a structured process for their
values-based innovation management approach as a part of their business innovation kit.

4.2. Sustainable Development and New Business Models

As described in [51], the concept of sustainable development dates back to 1987 when the
United Nations published the Report of the World Commission on Environment and Development:
Our Common Future, which is also known as the Brundtland Report [8]. The goal of sustainable
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development is defined in this document as to “[. . . ] seek to meet the needs and aspirations of the present
without compromising the ability to meet those of the future” [8] (p. 39). The emerging discipline of New
Business Models (NBM) is based on concepts of sustainable development as described above and
incorporates economic, social, environmental and technical expertise in an interdisciplinary way
to create sustainable business models. The underlying research community pursues the goal of
developing sustainable and socially acceptable business models often triggered or enabled by new
technologies [10,11]. As stated by Schaltegger et al. [61] (p. 98) creating a sustainable business case
“[. . . ] requires strategic management to identify, create and strengthen the links between non-monetary social
and environmental activities on the one hand and business or economic success on the other hand.” In this
context, Breuer and Lüdeke-Freund [23] (p. 7) formulated the need that “[. . . ] the formation of successful
value networks with viable and sustainable business models requires a synthesis and careful definition of the
(normative) values of all network actors, the (multiple) value propositions offered to network stakeholders, and the
(economic) value created by and for the involved companies.” In this regard, the presented framework
provides a concrete toolset to model and analyze these links for each actor in a networked and detailed
way on a strategic and operational level. Nevertheless, seen from a global perspective, it needs to
be embedded in a general management framework which provides normative structures to facilitate
sustainable business model development on a normative level such as the concept provided by Breuer
and Lüdeke-Freund [62]. A detailed analysis of NBM innovation frameworks is provided in Section 3.

4.3. Responsible Research and Innovation, and Value Sensitive Design

Another important research strand dealing with social, economic and ecological issues in the
context of innovation and new technologies is Responsible Research and Innovation (RRI). Both
research strands, NBM and RRI, share the common goal of shaping future business and society in a
sustainable way. This fact also becomes obvious with the following definition of von Schomberg [12]
(p. 63) by describing Responsible Research and Innovation as “[. . . ] a transparent, interactive process
by which societal actors and innovators become mutually responsive to each other with a view to the (ethical)
acceptability, sustainability and societal desirability of the innovation process and its marketable products (in
order to allow a proper embedding of scientific and technological advances in our society)”.

Another definition provided by the research project KARIM also points out the sustainability
aspects of RRI as follows: “Responsible innovation is an approach that consists in taking into account various
environmental, social and economic concerns throughout the innovation process with a view to creating value
for the society while respecting the environment” [63] (p. 16).

One of the first initiatives for Responsible Research and Innovation was launched by the National
Nanotechnology Initiative (NNI), which investigated the applications, risks and opportunities of
nanotechnology and tried to anticipate possible future implications on society and the environment.
In 2004 and 2005, initiatives to reach out to society and education were launched and also environmental
aspects were explicitly considered in these research initiatives [52,64,65].

Whereas the NBM community mainly focuses on business model creation and shaping, the RRI
community puts more emphasis on embedding critical thinking in the entire research and development
process with the goal of ensuring sustainable and responsible results in the form of new technological
advances, products and services. For example, this process was structured by Eden et al. [66] and
Stahl et al. [67] referring to Fisher et al. [68] in the following three phases along the research process:

• Upstream activities: These activities can be seen as pre-project activities, which include for
example strategic planning of research strategies of funding agencies and also the phase of writing
research bids from a researcher’s perspective.

• Midstream activities: These activities include actions aimed at ensuring sustainable design during
the research or development project.

• Downstream activities: Activities in this phase include actions related to sustainability when the
developed services or products reach a maturity level of a marketable product.
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A more engineering and design driven approach to include moral values into technological design
was coined by van den Hoven and is termed Value Sensitive Design (VSD) [69,70]. Similar to Breuer
and Lüdeke-Freund [24] and Jirotka et al. [52], van den Hoven [71] shared the line of thought that
the inclusion of moral values in the research and development process for services, ecosystems and
business models may act as a source of innovation rather than a barrier, a process which he described
as follows:

“Responsible Innovation is an activity or process which may give rise to previously unknown designs
pertaining either to the physical world (e.g., designs of buildings and infrastructure), the conceptual world
(e.g., conceptual frameworks, mathematics, logic, theory, software), the institutional world (social and legal
institutions, procedures, and organization) or combinations of these, which—when implemented—’expand
the set of relevant feasible options regarding solving a set of moral problems’ ” [71] (p. 82).

In summary, RRI, VSD and NBM are concerned with values related to services and products
often enabled by new technologies and their impact on society. All three research strands pursue
the goal of innovation that meets the needs of society in a responsible way. However, they differ in
their basic orientation and their scientific background. While NBM mainly comes from the field of
business model innovation with a business and social background, RRI has a strong social science
background and focuses on laying out frameworks to ensure responsible innovation in technology
oriented fields of fundamental and application oriented research. The aim of RRI is to embed and
ensure a responsible approach to the research and development process, whereas NBM aims to develop
and put into practice sustainable business models. The VSD discipline is more engineering driven and
puts an emphasis on the technical development process.

5. Methods

The presented values and needs layer was iteratively developed based on argumentative-deductive
analysis (ADA) and first experiences of its application primarily with information and communication
technology (ICT) based information systems were collected.

The Design Science Research paradigm as described by Hevner and Ram [72], Hevner et al. [73]
guided the research process, as illustrated in Figure 1. Based on the identified need for a tool that
supports the modeling of values in a networked context of a complex system such as a sustainable
business model (see Section 3), a modeling concept in the form of the “values and needs layer”
was developed. Existing literature and theories served as a knowledge base (see Sections 1–4) for
developing the values and needs layer by using ADA, as described in Section 6. Furthermore, the
concepts of the values and needs layer were applied in six projects [74–79] with partners in the
application areas production, health care and aviation. In four cases, both the tabular and graphical
visualization form of the values and needs layer were applied, whereas only the tabular form of
representation was used in two cases. In these projects, the values and needs layer in combination
with other layers presented in this paper were applied and thereby served as a source of feedback to
refine the concept. The application of the values and needs layer in a practical environment supported
the development process of the concept proposed. The values and needs layers in these projects were
generated by the persons acting as a main driver in the project and were based on personal experiences
and insights gained during the conduction of the projects. The results of these practical applications
are documented in [74–79]. The case study presented in Section 7 serves as an example to illustrate the
practical application. Aspects such as the needs of actors are mainly (as far as possible) drawn from
qualitative evaluations, as described in Section 7. Other details such as assessment of the level of met
needs are based on personal assumptions by a representative of the project management team. The
framework was reported to be helpful to gain more insights into the network of actors, their intentions
and motivations to contribute to the value network. Regarding the values and needs layer, for example,
a student reported that “with the additional consideration of values and needs of actors, a completely different
view on actors can be created. Not only the result, after researching the different needs of actors can be a great
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help for understanding individual decisions, but also the process of generating the values is very helpful ”[76].
Despite the insights gained through the application of the values and needs layer in the iterative
development process outlined above and the case study presented in Section 7, a comprehensive
validation process is required. This process needs to include various groups of users with more cases
and is planned for future research activities.

Figure 1. The research method for the development of the proposed values and needs layer structured
around the Design Science Research paradigm [72] including the corresponding chapters. (Figure
based on Hevner and Ram [72] Copyright c© 2004, Regents of the University of Minnesota. Reprinted
by permission.)

The other layers of the presented framework have been developed incrementally during various
research projects over the past few years [20–22]. These layers are also explained in this paper to indicate
the advantages of this integrated multi-layered approach by pointing to the aspect that the basic structure
of actors has to be created only once and can then be reused for the various aspects of analysis (e.g., legal,
business and motivation, values, and needs). Consequently, the enhanced framework can be used to
include various perspectives of different stakeholders in one single networked representation.

The framework was initially developed based on non-profit mission-oriented and also
profit-oriented service innovation projects. The mission-oriented information services were primarily
developed for public safety organizations such as the police. These services were intended to support
public safety mission management and other tasks to preserve public safety. The business models
behind the mission-based service innovations can be seen as a variant of sustainable business models
since they are primarily targeted at societal goals such as preserving public safety. The profit-based
service innovation projects mainly dealt with information systems in the automotive industry. The case
study introduced below is the first case of a business model concept strongly related to collaboration
and alternative social and non-functional values that is analyzed with the presented new layer concept.
As a consequence, the proposed framework needs to be further validated within the domain of
sustainable business models with more cases. We expect that these cases can potentially show how
the framework complements the aforementioned already existing frameworks and also highlight the
increasing importance of network effects in sustainable businesses.
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6. The Layers and Concepts of the Service Analysis and Engineering Framework for New
Business Models

Figure 2 depicts the basic concepts and the various layers of the presented service analysis and
engineering framework. The underlying concept of this framework is to “unpack” the broadly accepted
BMC with its static and ego-centric view to allow a detailed and connected multi-party analysis of a
business model. The consideration of the networked business model instead of simply viewing it as a
value chain from an ego-centric view was also emphasized by Jonker [50] (p. 17) who pointed out that
“developing a new business model is not just about organising something new within an organisation, but within
the entire value network.” Value networks are concepts to visualize parties contributing to a business
model and the values they exchange between each other. Various types of notations [37–39] exist to
illustrate this basic structure. The networked value exchange and resources layer of the presented
framework serves as the basis for all other layers. This layer includes all the actors in the business
ecosystem and all the value exchanges that take place. Based on this layer, detailed analysis of the other
layers can be executed by matter-of-field experts in parallel. In the case of concurrent analysis threads,
synchronization points are needed to ensure holistic analysis and design of the business model for the
targeted service or product. Strategic business experts and service engineers may discuss these aspects
in collaborative sessions. All layers in the framework are described in the following subsections.

Figure 2. The layer concept of the Service Analysis and Engineering Framework for New Business Models.

The value exchange and resources, legal, and dynamics and motivation layers have already been
published previously, but are described briefly to set the new values and needs layer in the context of
the entire framework. This also serves to illustrate the benefits of this integrated framework which
enables the reuse of basic actors and network structures as a basis for layer-specific viewpoints.

6.1. Value Exchange and Resources Layer

The networked value exchange and resources layer (see Figure 3) is a way to represent and analyze
actors and the values they exchange between each other from a resource-based perspective [80]. The V2

notation [81] used in the presented framework is based on [39] and enhances it in several ways. The
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basic elements of a value network are its actors and value exchanges. Actors are represented by
tripartite circles including the following facts [39]:

• Name: The name or designation of the actor.
• Capabilities: The capabilities are all dynamic aspects such as activities or processes an actor

contributes to the value network.
• Assets: The assets are all the tangible and intangible resources (e.g., IT-systems or knowledge) an

actor can contribute to the network.

Value exchanges between actors can be represented by directed arcs [39]. Value exchanges
into the direction of the end customer are called provision links and are represented by solid
lines, whereas dotted lines represent values received by each actor [81]. The values that are
exchanged can be categorized into brand, product, information, service and coordination according to
Biem and Caswell [39] and also monetary value and intangible value [81]. The resulting value network
provides a good overview of the relevant actors and the values exchanged. Based on this network,
further aspects of the network can be analyzed within the layers that are described next.

Figure 3. The new values and needs layer (highlighted) and further existing layers of the Service
Analysis and Engineering Framework (legal layer based on Vorraber et al. [20], dynamics and
motivation based on Vorraber et al. [21], Vorraber and Vössner [81], and value exchange and resources
layer based on Biem and Caswell [39], Vorraber and Vössner [81]).

6.2. Values and Needs Layer

The enhancement of the values and needs layer (see Figure 3) to the V2 value network notation [81]
is based on the concept of values, as described above. The presented ethical values network analysis
complements the aforementioned frameworks and is supported by Breuer and Lüdeke-Freund [24]
who stated that the incorporation of ethical values in business model innovation is underrepresented.
It enhances the component-based analysis of values aspects as described by Ojasalo and Ojasalo [26]
with network-based visualization and analysis capabilities. The analysis conducted on the networked
values and needs layer is intended to allow a more detailed insight on social values of a business
ecosystem in a networked way. Therefore, the values and needs layer allows:

• The explicit consideration of social and sustainable aspects during detailed service and value
network design.

• The inclusion of a networked and holistic view of the values and needs of all actors in a value
network.

This newly introduced layer focuses specifically on different categories of needs (e.g., social
economic needs) of the actors within a value network and explicitly includes the social needs of actors,
which result from their individual values. The following additional aspects of the actors, as illustrated
in Figure 3, should be covered during the information system ecosystem analysis and design:
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• Functional Needs (FN): Needs for a specific functionality to, e.g., support in getting a job or a
process done. According to Partsch [82], functional requirements define functional aspects of a
system, or what a system or process should be able to accomplish.

• Non-functional needs represent the human side of needs and can further be classified into

– Technical non-functional needs (TNFN): Non-functional needs of actors which need to be
fulfilled by the system/service such as handling and design of the user interface and quality
requirements to determine the quality of the system (based on Rupp [83]).

– Social economic needs (SEN): Needs of customers (actors) in terms of how customers (actors)
want to be perceived by others in economic terms, e.g., bragging and feeling better than
others (based on the concept of social jobs in [3]).

– Social human needs (SHN): Needs of customers (actors) in terms of doing good to others
or the environment. This aspect covers all three dimensions of a sustainable development
including environmental societal and economic aspects, which need to be arranged in a
livable, equitable, and viable way to create sustainable business models [51] (based on
Environment [8]). This aspect is thus focused more on a person’s external environment in a
societal, economic and ecological sense.

– Ethical needs (EN): The need of complying with an individual’s (actor’s) ethics theory [51].
In contrast to the aspect of social human needs, ethical needs are more person centric and
focused on a person’s ethical theory. For example, the ethical need of privacy is represented
by the fact that an employee wants to know and determine what information about himself
or herself is communicated to others (e.g., current location of employee in a plant).

– Safety needs (SN): The need for preserving the customer’s (actor’s) need of safety when
using the service (e.g., work and consumer safety).

Analog to the concept described by Gordijn et al. [84] primarily for economic aspects, the level of
needs met by satisfiers provided to the actor can be defined as fully, partially or not met (see Figure 3).

The values and needs layer is not intended to replace, but to complement existing frameworks
such as the values-based innovation framework of Breuer and Lüdeke-Freund [24] and Breuer and
Lüdeke-Freund [17] or the value mapping tool of Bocken et al. [16]. As mentioned above, the overall
enhanced framework presented can be used to facilitate follow-up iterations of initial high-level
workshops supported by business model innovation tools such as listed in Table 1. Information gained
in these high-level workshops can be used as an input for the more detailed iterations suggested for
example by the authors of the values-based innovation management approach [24] (p. 25). Data may
also be gathered based on literature reviews, shadowing and other context sensitive ways to gain
insights into the often tacit intentions of actors in a value network.

6.3. Legal Layer

The actors and relations identified in the value exchange and resources layer form a good basis to
conduct analysis on the legal layer. As stated above, values exchanged can be tangible or intangible
goods such as information, money or services. Not only because of changing and emerging legal
regulations (e.g., environmental laws, General Data Protection Regulation (GDRP), etc.), legal compliance
of innovations of information systems and the corresponding business models need to be incorporated
early in the innovation process. Both the legal obligations of the actors within their organizations and
the compliance of the value exchanges need to be assessed by experts. Therefore, organization internal
(e.g., GDPR conformity) and also value exchange related compliance can be categorized on a three-point
scale as described in Table 2. As stated above, the framework can be used for both existing business
models and for planned new business models. This state of realization of the business model also needs
to be taken into account during the legal analysis of value exchanges. The enhanced V2 value network
notation (see Figure 3 and Table 2) provides a convenient way to model, analyze and communicate



Sustainability 2019, 11, 6018 17 of 26

legal aspects in relation to other important dimensions. The value network with its legal enhancements
provides a common shared picture and facilitates communication across interdisciplinary borders of
various disciplines such as legal, business or technical experts [20].

Table 2. Compliance levels of value exchanges (extended from Vorraber et al. [20]).

Symbol Existing Business Model Planned Business Model

An “L” covered with
a green rectangle

The value exchange is compliant with legal
regulations

The value exchange is compliant
with legal regulations

An “L” covered with
a yellow rectangle

The value exchange needs special attention
(e.g., due to anticipated changes of legal
regulations in near future)

Minor actions (e.g., notification of
the data protection board about
planned data exchanges between
actors) need to be done to be
compliant with existing legal
regulations

A crossed out “L”
covered with a red
rectangle

The value exchange is not compliant with
existing law. Action required

The planned value exchange is not
compliant with existing legal
regulations and an amendment of
these regulations would be required
to permit the value exchange

6.4. Dynamics and Motivation Layer

As described in [81], actors in a value network may have different incentives and motivations
for contributing to a value network. Motivation theory by Vroom [85] and Porter and Lawler [86]
conceptualizes internal and external forces, which influence personal and organizational motivation.
To analyze these motives and levels of motivation, the following enhancements to Biem and Caswell
[39] were defined [81]:

• Endogenous motivation: This aspect describes the level of motivation of persons within an
economic entity or actor and is based on the “expectancy theory” of Vroom [85]. The level of
motivation is determined by the expected valued outcome for the person when performing the
value provision.

• Exogenous influences: This aspect describes the external forces on the actor to perform the
expected value generating activities within a value network and is based on Kelman’s [87]
external influences on a person’s compliance and on Porter and Lawler’s [86] extrinsic rewards.

As depicted in Figure 3, both concepts can be rated as defensive, neutral and active for each
actor [81]. Value exchanges resulting in perceived net benefits for the actors may result in positive
value generation and exchange dynamics. Positively perceived value exchange relations in a loop
constellation in particular may reinforce the value creation of connected partners and therefore result in
“value engines”. On the other hand, negatively perceived net benefits may cool down value exchanges
between partners and, in case of essential partners and value exchange relations, may therefore put
the entire business model at risk [21]. The importance of this overview is supported by Jonker [50]
(p. 17) who concluded that “the vision on sustainable business models also gives insight into how the output
of several initiatives is taken up by other parties within the value network, enabling great amounts of surplus
value. Therefore, it is not so much about the thinking of one party for how to organise sustainably, rather than
how the entire value network can participate in it.” Furthermore, Bocken et al. [88] (p. 45) pointed out
the importance of focusing on the value network and the values created cooperatively, instead of an
ego-centric perspective on one company or technology.

Although the creation of the various value network layers may be time-consuming, we think it
is necessary to analyze and understand the motivations and reasoning of all participating actors, at
least at the presented level of detail. A good overview on all value exchanges and actors is important,
especially in the background context of value network dynamics analysis, since only one actor may
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negatively influence the entire value network and may consequently put the entire business model at
risk. Other examples such as the case of Google Glass [66] also show that by not meeting ethical or
moral values of customers the user acceptance may be negatively influenced and therefore also the
entire business model, regardless of the high level of professionalism, the technical implementation
and the hype about a new technology. Based on all insights gained through the detailed analysis of the
various value network layers and aspects, actors and value exchanges can be rearranged in a more
informed manner with the aim of creating sustainable business models.

7. Case Study

The benefits of this approach in practice can be shown on a case that was used to define this
framework, outlining the different points of view this enhanced layer structure provides compared to
the before described V2 notation. The Free Open Source Software (FOSS) project “Catrobat” presents a
collaborative project driven by a community situated in a complex ecosystem of various actors. As an
educational project, Catrobat has a non-profit character following the vision of enabling teenagers to
actively create their own apps instead of being merely consumers. The project thus provides various
mobile- and web-services free of charge and is backed by volunteer contributors who are helping to
bring this vision to life. In addition to the more than 600 contributors who have already been involved
in the project, various partners from academia and industry are also providing their support to the
project. Many different values are exchanged in a co-creative manner through the charitable ecosystem
consisting of actors with different motivations, needs and wants [21]. The collaborative approach of
Catrobat’s actors already enabled the project to reach more than 750,000 users with its free app “Pocket
Code”. Thus, it represents an interesting case of a co-creative community, generating a variety of
primarily intangible social values by aligning different actors’ actions. By collaboratively co-creating
multiple values, not following money as currency for value and being accepted by society, this case
from the domain of open source software is also highly related to common features that have been
identified for sustainable business models [50] (p. 30). However, this ICT enabled innovative project
must also ensure its survivability through sufficient financial funding. Therefore, a healthy balance of
these monetary values with the intangible values of the volunteer contributors, as well as with the
ethical compliance to the project’s vision, must be achieved.

The representation of this ecosystem in the existing integrated V2 notation, covering the “Value
Exchange and Resources” and “Dynamics and Motivation” layer in one model, has already highlighted
benefits for analyzing and managing such co-creative systems that can be found especially in ICT [21].
The application of the enhanced V2 notation with multiple layers eased even further the analysis
process for specific stakeholder groups. Although the applied approach in [21] provides a holistic view
over the basic system, which is useful for general management and decision making, the analyzing
process is eased by the enhanced notation when certain aspects only, e.g., legal concerns or individual
actors in relation to the overall system, need to be considered.

Furthermore, the presented framework supports the evaluation of certain actors in more detail,
helping to achieve a better understanding of them and to highlight potential gaps that need to be
filled (e.g., unmet needs) in the network. Whereas the overall value network notation of V2, without
enhancements, helps in providing a quick holistic view of the system, the presented layer-based
approach is supposed to zoom in on actor level, as shown in Figure 4, to gain a high-level understanding
that might be necessary for management and strategic decisions. The framework has been initially
created in an expert workshop, as suggested above. Within this workshop of different long-term
contributors of the project, each having a different background, the actors of the ecosystem were
identified before drafting the network. By then evaluating the needs of each actor, as described in the
networked values and needs layer section, and afterwards putting it in connection to the received
values and relationships to other actors, the understanding of the if and how these needs are met can
be easily created, visualized and communicated. Within this case, especially the motivational aspects
and needs were further backed by a qualitative study in the scope of surveys [89], helping to obtain
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an even more detailed understanding of them. In following iterations, in a smaller setting, the initial
network was extended to the presented layers, creating a holistic picture of the ecosystem. As the
example of Catrobat shows, this approach enables a focus on individual actors in a precise matter by
also putting it into context of the value network within one single notation. To illustrate this benefit of
the multi-layer network approach, we zoom in to actor level and stress the insights that can be gained
in practice.

Figure 4. Zooming into the developing members’ individual needs within the networked values and
needs layer.

As already lined out in previous research, students, the main contributors of Catrobat, participate
in this project for various personal reasons such as supporting the project’s goal, seeing it as reference
for their later career, or being part of a community [89]. These valuable insights of specific actors can be
represented in a very detailed level depending on the organizations’ purpose of analysis, as illustrated
in Figure 4. Especially needs and values that are met by received intangible values, e.g., in this case
related to co-creating value with others or doing good for a community, can be represented in this layer
and its different perspectives provided by the categorization. As an example, the developers have
a social human need (SHN) to develop something for/with a community, which is directly related
to the project’s vision. However, the identified developers’ need to have a reference for their later
career is directly linked to the illustrated social economic need (SEN) to be listed, so being visible and
recognized, as a contributor of the project in return, ensuring that the actor may gain an intangible
net-benefit for their contribution. This representation of specific needs also fosters the understanding
of NBMs that are often based on intangible and social values transferred in and co-created by open
communities. As Jonker [50] (p. 21) described it, collaboration and exchanging tangible as well as
intangible values are important aspects for sustainable business models. Lining out these values
and needs, as it was done in this case study, helps to better understand the personal motivation of
contributing actors to participate in the ecosystem, as well as how their (social) needs can be met
in return to keep them in the long term. The identified motivations, as done for this specific case
in [89], can be put into the context of the different categories and be seen in relation to the whole
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ecosystem. In this case, the enhanced visual layer representation also eases the communication process
and documents the outcomes over time, which has already been outlined as beneficial in analyzing
and managing complex ecosystems [21]. This holistic understanding provided by the networked
values and needs layer can be even further beneficial if detailed knowledge of a variety of different
actors in a community is needed to manage them into a common direction, which, as in this case, is
not necessarily primarily based on monetary profit or tangible values.

One example of how this layer-based viewpoint further proved to be beneficial is the legal layer
of Catrobat, as illustrated in Figure 5. Whereas the connection between contributing actors is well
defined by formulated open source software licenses and the joint work with partners on an individual
basis, e.g., contracts or NDAs, the relationship to the end-users needs special attention. Especially
currently ongoing and proposed changes in privacy/data protection and copyright law need to be
considered for these specific connections. Adaptations to the end-users’ terms of use and privacy
policy might be needed in the foreseeable future and will therefore need to be prepared adequately.
Especially the need for privacy, which is ensured through legal regulations, is directly related to social
needs of the users, who expect their data to be safe, resulting in a want that needs to get represented
on that layer. This shows that these layers may influence each other, making it important to combine
them in one toolkit and visualize them for everyone involved in the decision making process.

Figure 5. The legal and value exchange layer of the Catrobat project.

8. Discussion

In this paper, we present an enhanced multi-layer framework that is intended to complement
existing sustainable business model frameworks by providing a networked visualization method for
values-based innovation, as outlined in Section 3. Based on the V2 notation, it incorporates important
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key concepts of information system and business model innovation. It is aimed to facilitate the
innovation process by providing a toolset to analyze and arrange actors and value exchanges of a
business model that meets the desired goals of social and environmental acceptability while preserving
economic viability. The main key concepts underlying this framework are:

• Approaching business models with a network-focused rather than an ego-centric view, as
highlighted by Bocken et al. [16] (p. 488) and Breuer and Lüdeke-Freund [24]. Based on this, the
networked approach in the presented framework facilitates the quest for a balanced optimum
on a network level rather than a local optimum for single actors resulting in possible negative
effects on the value dynamics perspective. Our merit here is to provide a multi-layered toolbox
that facilitates the modeling, analysis and communication of multiple aspects on the detailed level
of value networks.

• Integration of values in an extended sense including social, ecological and technical aspects in
addition to economic aspects into service and business model innovation. This aspect is built on
various pillars from different research strands such as Responsible Research and Innovation [52],
Value Sensitive Design [69] and New Business Models [24]. Our merit here is the integration of
these aspects on a detailed, but from our point of view necessary fine grained level in the form of
the multi-layered analysis and design toolbox presented above.

The framework presented here is not intended to serve as another abstract information
service and business model innovation framework, but is intended rather to facilitate a more
detailed and multi-faceted analysis and view on the networked business model. In this sense,
it can be seen as a framework complementing and refining the values-based framework of
Breuer and Lüdeke-Freund [24] and Bocken et al. [16] by providing a toolset to specify and analyze the
needs and values of all actors in a networked way and to provide insights into the values exchanged
and value dynamics of these relations. This goes along with Breuer and Lüdeke-Freund [24] (p. 16)
who expressed the need for “[. . . ] a synthesis and careful definition of not only the values and normative
orientations of all network stakeholder, but also the multiple value propositions offered to them and the valuable
outcomes created with and for them” in the context of viable and societally acceptable business model
creation. Our framework presents an approach to foster the ideas of values-based network and
business model innovation [24] and provides a toolset to follow a hybrid way to create product/service
innovation and track its consequences on business model innovation. We do this by explicitly modeling
and analyzing value propositions, values, legal aspects and financial flows in a consistent manner.
Although the practicability of this fine grained analysis on the value network level may be discussed
as criticized by Bocken et al. [16], we think it is necessary to analyze and understand the motivations
and reasoning of all participating actors at least in the level of detail as presented. Especially from the
background of value network dynamics analysis, a detailed analysis is important, since only one actor
may negatively influence the entire value network and consequently may inhibit value creation of
the entire business model [21]. Furthermore, the detailed modeling may also facilitate the process of
resolving contradicting values-based goals of network members by first of all making them explicit
and by providing a common picture to collaboratively discuss possible solutions. In this sense, it
supports the values-based framework of Breuer and Lüdeke-Freund [24] (p. 30) “[. . . ] to overcome
barriers to the implementation of sustainability-oriented innovations” by explicitly modeling all actors
needs and values. The presented framework is also intended to facilitate analysis and communication
in the interdisciplinary teams of legal, technical, economic and social experts. It is important to
condense the often comprehensive expertise from legal experts into practical decisions, especially
from the point of view of technicians and economists. In a larger and research strand overarching
context, the presented framework can be seen as another brick in the puzzle to support Responsible
Research and Innovation and the creation of NBM by providing a detailed analysis and design toolset
for new and often ICT-enabled services or products. The proposed values and needs layer can be
iteratively applied during all phases of RRI activities (upstream, midstream, and downstream) defined
by Eden et al. [66] and Stahl et al. [67] referring to Fisher et al. [68] to analyze the needs of various
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actors and to arrange value exchanges to ensure sustainability in all phases. Nevertheless, it is
especially suited for midstream and downstream activities, where either new business models for
information systems can be designed or existing business models can be innovated. The presented
tool is not primarily intended as a high level RRI framework. Rather it seeks to complement existing
RRI frameworks and to facilitate the planning and innovation process of services and products with
a toolset to visualize and communicate multiple-stakeholder and actor perspectives and to arrange
ecosystems of business models in a sustainable way. The proposed values and needs layer enhancing
the existing V2 framework incorporates the central values aspects of research strands NBM, RRI and
VSD and is intended to provide a tool that can be used in the course of a responsible innovation process.
It is applicable in all three presented research strands by providing a systematic approach to analyze
and shape a network of value exchanges that fulfills the needs and values of all the actors involved
in a business model. The insights gained with this toolset can be used for making better informed
decisions in the technical realization of a service (VSD), support critical reflections, especially for the
people and purpose dimensions of the 4Ps framework [67] (RRI) and can be used for detailed analysis
and design of networked sustainable business models (NBM).

Bringing together all stakeholders of a business model venture to elaborate business model
ideas and jointly overcome possible barriers as proposed by Breuer and Lüdeke-Freund [24] is a
great approach for developing new business models or solving wicked problems. Nevertheless, it is
often extremely difficult to bring all actors of a planned or existing value network to one table. Our
framework helps to systematically create a big picture and analyze the value network based on data
collected through workshops either with all the stakeholders or based on individual sessions with
selected stakeholders.

9. Conclusion and Outlook

We proposed a new layer in addition to an existing analysis framework (V2 notation) that is
intended to complement existing high-level business model innovation frameworks with a toolset to
understand underlying networked ecosystems from a multi-actor perspective according to various
essential aspects of business models. A multi-layered and multi-actor analysis approach is used to
reveal relations, interdependencies and dynamics between participating entities in a business network.
A special focus is placed on the different values and needs of actors to support the development of
viable and societally acceptable business models. After introducing the new layer and conceptualizing
the various existing analysis layers, a large-scale open source project served as a case to present
the application of the framework and provide first impressions of the possible insights that can be
gained with the framework. In the course of laying out the theoretical foundation of our framework,
we provided an overview on the research areas of strongly sustainable or New Business Models,
Responsible Research and Innovation and Value Sensitive Design. By doing so, we identified interesting
cross-community links between these research strands and summarized their differences.

Experiences gained from the application of the presented framework for information system
engineering showed that the framework may generate important insights to guide service and product
innovation and consequently business model innovation processes. As indicated in the analysis
of existing sustainable business model innovation frameworks, the framework adds to existing
literature by complementing these high-level frameworks with a toolset aimed to support more
detailed ecosystem analysis iterations following initial business model innovation activities (e.g., large
stakeholder workshops).

Recently, a dedicated web-based tool to facilitate the creation of the graphs and entering the
required data has been developed [90]. The tool provides all visual elements of the framework in a
predefined and interactive way that allows a drag and drop based creation of the graphs. Furthermore,
the tool provides an internal data model that can be used for simulation studies. It is planned to use
this tool for the future validation activities required as indicated above and to make the tool publicly
available to broaden its application.
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