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Abstract. As digital technologies are transforming enterprises, the interest in
business models is increasing. Technological disruptions like the Internet of
Things (IoT) drive enterprises to redefine their business models to create and
capture value, and eventually, to stay competitive. The need for business model
innovation may be urgent, yet it is not always clear what to change in a business
model. In these cases, business model exploration is needed. Within academia
and practice, business model tools are mainly focused on formalizing single
business model designs rather than facilitating systematic exploration of alter-
native business models. In this study, we present the design and prototype of a
digital tool created to facilitate business model exploration. We use Design Sci-
ence Research (DSR) as our research approach. In this paper, we present the re-
sults from the first cycle evaluation of the design and prototype.

Keywords: Business models, Design Science Research, Business model tool-
ing, Internet of Things, Business Model Exploration, Design, Prototype

1 Introduction

New digital technologies are radically changing enterprises [1]. As technologies affect
enterprises and the business environment is changing, enterprises need to reconsider,
reinvent and redesign their existing business models to stay competitive [2, 3].

Business models is an emerging topic in information systems (IS) (e.g., [8, 9, 10,
11, 12, 13]. More recently, studies focus on business model tooling [4], but the poten-
tial benefits of business model tooling are still understudied [7]. Existing tooling
mainly facilitates specifying and illustrating single business model designs (e.g. Busi-
ness Model Canvas), rather than supporting the exploration of alternative business
models in a structured way. Additionally, existing tooling is, in many cases, generic
without considering digital technology innovations and disruptions.

One solution to support enterprises with radical changes is to do business model
exploration. With business model exploration, enterprises can discover new business
model opportunities [4]. A systematic approach to business model exploration and
experimentation enables enterprises to get new business model ideas [5,6] creating
competitive advantage [7,2].



In many publications, the process towards designing a business model is presented
linearly. However, in practice business managers face the uncertainty of the evolving
markets [14]. During business model exploration entrepreneurs are engaged in an
iterative process where they create and test business models until they reach a revised,
alternated, and assumed viable business model [2]. Business model exploration can be
important when new opportunities require the rethinking of the business model. De-
fining business model exploration involves creating alternative business models, and
suggesting changes, [15], conceptualizing the changes, and hence conceptualizing the
business models, [2], and assessing what could happen under a range of different
decision choices and alternatives [16,52]. For this study, we focus on business model
exploration triggered by a technology disruption. More specifically, we focus on IoT
since this is a major technology innovation that has the potential to fundamentally
change business models.

Hence, the research question for this study is: what are the functionalities needed
of a digital tooling to support business model exploration for businesses that face
disruptive technology innovation? We use Design Science Research (DSR) as an
approach for designing, prototyping and evaluating the tool.

With this paper, we aim to contribute to the business model literature by designing
and testing tooling features as well as providing a step-by-step approach to the devel-
opment of new business model tooling. Furthermore, we aim at a practical contribu-
tion with the development of an easy to use tool with minimum complexity, and high
automation that supports enterprises with their business model exploration and inno-
vation process.

The paper is structured as follows. In section 2 we provide a background on busi-
ness models, business model innovation theory, as well as work related to IoT and
business model tooling. Section 3 provides a description of the Design Science Re-
search (DSR) approach we followed. In section 4 we discuss the design of the artifact
and the main functional design principles. Section 5 gives a short description of the
first version of the developed prototype. In section 6 we present the first cycle of the
evaluation and the results. In section 7 we conclude with the discussion, limitations
and our future steps.

2 Background

A business model is defined as the core logic of how an enterprise creates and cap-
tures value [17, 18]. Some researchers view business models as the reflection of the
strategy of an enterprise [19, 20, 21]. Magretta argues that ‘a good business model
remains essential to every successful organization, whether it’s a new venture or an
established player’ [23, p. 3]. Business models should change over time in response
to internal or external drivers [3].

One major external driver is a new technology. Bower and Christensen character-
ize a new technology as disruptive when it lacks refinement, has performance prob-
lems, disrupts an existing market or creates a new one, and eventually leads to new
products [45]. For instance, one major new technology is emerging is the Internet of



Things (I0T). ‘IoT is a network that connects uniquely identifiable things to the Inter-
net. The things have sensing/actuation and potential programmability capabilities’
[24]. 10T can transform enterprises in many ways such as to deliver innovation, im-
prove customer experiences [25], and increased cost efficiency, process agility [26]
and more accurate forecasting of stock situations [27]. While the IoT is spreading, the
traditional and well-known business model frameworks might not be in line with the
IoT needs. Rethinking of the value creation and capture will fundamentally change
the business models. However, research on IoT and business models is relatively
underdeveloped [28].

The existing literature on business model tooling is mainly focused on how to de-
sign and evaluate a business model (e.g. [29,30,54]), or how an enterprise can move
from an old to a new business model [31]. The existing tooling is available in differ-
ent formats, such as in book [29], physical cards [32], web-based app (e.g. [33]) and
mobile app (e.g. [34, 35]), printed cards (e.g. [36, 37]), computer-based (e.g. [38]) or
web-based (e.g. [39]). However, to the best of our knowledge, business model tools
designed for technology disruption are not widely available. More specific existing
business models do not take into consideration technology disruption as a separated
part of the business model design, (e.g. in business model CANVAS [29] technology
is not a separate building block). Even in cases that technology is one of the basic
building blocks (e.g. STOF model [11]) how business models can be affected by
technology disruption is not analyzed.

Sosna et al. argue that most business models have not ‘gone straight from the
drawing board into the implementation [...] in reality new business models rarely
work the first time around since decision makers face difficulties in both exploratory
and implementation stages’ [2, p. 384]. However, tools for business design, testing,
and implementation are emerging, tools for systematic business model exploration are
lacking, especially in relation to disruptive technology innovations.

3 Design Science Research

For this study, we follow a DSR approach because it focuses on ‘producing and ap-
plying knowledge of tasks or situations in order to create effective artifacts’ [40 p.
253] In other words, DSR allows us to produce innovative artifacts as an answer to
unsolved problems [41, 42, 43]. For our study, we want to create an innovative arti-
fact that can contribute to the business model tooling literature. DSR allows the crea-
tion of an artifact as a solution for the gap within the literature and practice. There-
fore, we argue that DSR is the most appropriate approach to be followed for our
study. Figure 1 presents our DSR approach adapted by Gregor and Hevner [44]. Al-
terations on their approach are made based on the identified needs of the research.
The activities followed during this approach are presented below. This paper only
concerns and communicates the results of the first cycle iteration (design and proto-
type).

For the first activity (Background), we reviewed the literature of business model
ontologies, business model innovation, business model exploration and business mod-



el tooling. The purpose of this activity was to understand the main theories, and the
practical problem and to realize what a potential solution to the practical problem
could be.

Method
Back- Design Devel- Evalua- Discus-
ground opment tion sion

S~ 7
~ -

Communication

Fig. 1. The DSR approach we followed for this study (adapted by [44]).

For the second activity (Method) we reviewed potential research approaches. We
realized that a potential solution to the lack of business model tooling for disruptive
technologies is to design and develop a digital-based artifact. Reviewing the literature
we identified some research methods that could be adopted such as the Action Design
Research (ADR), Soft Systems Methodology (SSM), and DSR. However, we con-
cluded that DSR is the most appropriate research approach for our study as it supports
the creation of a theory-based artifact that contributes to the theory.

For the third activity (Design) we focused on the design of the artifact. To do so we
took specific actions: Firstly, we used a Q-methodology approach (removed for re-
view process, under review) to identify perspectives regarding the business models
after a technology disruption. This study allowed us to understand how technology
disruption affects existing business models design and needs. We focused on the large
mobility ecosystem as we identify it as an industry with major IoT disruption where
many enterprises are affected Then, we did an action research where. We investigate
how business model exploration is facilitated by business model tooling and what are
the gaps in the current state-of-the-art tooling in supporting business model explora-
tion as part of the BMI process. Based on the obstacles we identify during this re-
search we derived specific recommendations. This recommendations shaped the de-
sign principles and later the development of the prototype.

In activity 4 (Development), we develop an interactive prototype. Initially a paper-
based navigation plan was designed. Then, we convert it to a software-based, clicka-
ble artifact.

For our fifth activity (Evaluation) we evaluate the developed prototype to draw
conclusions regarding the satisfactory or unsatisfactory functionality of the artifact
[43].



In the sixth activity (Discussion), we interpret the results.

For the seventh and last activity (Communication), we communicate some conclu-
sions, the contribution to the scientific community [41]. In this publication, we com-
municate the used research approach and the results from the first evaluation cycle of
the developed prototype. Feedback from the communication together with feedback
from the evaluation activity will be used in our future studies as inputs for the next
iteration and improvements of the study and the artifact.

4 Design

In this DSR activity, we focus on the creation of the design principles (DPx) we want
to test and that will inform the artifact development. (Section 5 Development). To
formulate the design propositions we follow the structure given by [55]: ‘Provide the
system with [material property—in terms of form and function] in order for users to
[activity of user/group of users—in terms of action], given that [boundary condi-
tions—user group’s characteristics or implementation settings]’ ([22], p. 4045).

Entrepreneurs are often not only unaware of the concept of business model but also
even that they have a business model. Even enterprises that invest in new ideas often
have little ability to do business model innovation incorporating these changes [47,
48]. Entrepreneurs that are unaware of business model concepts and ontologies are
likely to struggle to identify and revise their business models in a systematic way. At
the same time, recent studies have identified so-called patterns of business model
designs, which reoccur [53,54]. Hence, we suggest preloading a business model can-
vas sheet with common patterns as opposed to the common ‘fill-the-blank’ approach
of existing business model tools templates (e.g. business model canvas). Hence, the
first principle for designing our prototype is:

DP1: Using pre-filled business model templates facilitates the user’s understand-
ing of the components of the current business model given a specific business case.

Generating ideas on how to change different business model components is im-
portant for business model exploration [14, 49]. However, when there is technology
disruption, such as with the IoT, scholars argue that they do not have a holistic view
on which aspects of the business model will be affected [50]. We argue that a solution
that solves that problem is the use of solution based business model patterns. Thus,
the second design principle on which we based we based the design for the prototype
is:

DP2: Using templates with solution-based patterns improves idea-generation on
how to change different components of the current business model, given a specific
technology disruption.

Making a decision about whether adapting the components in the business model is
a prerequisite to business model implementation. A deliberate evaluation of intended
business model changes helps to avoid investments in unfruitful paths [46]. However,
existing business model tooling focuses mainly on designing or re-designing new
business models but they do not offer opportunities for assessing the changes before
they get implemented [51]. Studies suggest that a way to do this is by using



assessment methods (e.g. critical success factors, key performance indicators) to
assess the feasibility of the generated ideas and potential changes [38, 51, 10].
However, busi-ness model assessment tooling is not widely available. Such
assessment requires ‘a clear and structured description of the business model’ [38].
That might not be possi-ble in the case of the reshape of a business model due to a
digital disruption. We ar-gue that assessing and understanding the feasibility of a
business model change, is a prerequisite to decision-making about business model
adaptation and thus, to consider when doing business model exploration. Hence, the
third design principle for the prototype is:

DP3: Using a tool with assessment features improves user’s decision making about
whether to adapt components in the business model, given that the users have already
identified potential changes on the current business model.

While our contribution is focused on the three design principles, we need to have
non-functional requirements too in order to have a user-friendly prototype that can be
evaluated. In our previous study, we identify eight non-functional characteristics that
business model tooling should have (i.e., have a structure, stimulate the user, be
adaptive to the abilities of the users, have low barriers, be simple, provide specific
results, be enjoyable, and easy interface [4].

The three developed principles together with the non-functional requirements
allowed as getting an understanding on how the artifact should be. In the next activity
we present the prototype as it was derived from the above principles and
functionalities.

5 Development

For the development of the prototype, we used the commonly used program Microsoft
Excel. We choose this program as it allows us to facilitate and implement the design
principles described in section 4 (Design). We created the prototype based on the
identified design principles and the functional and not functional requirements in a
three-step approach. Each of the steps reflects one of the design propositions we de-
scribed in the design section. That allows us to apply and test the design principles
independently from each other. More specific the three steps are:

Step 1: The creation of a description of components of the existing business model;
Step 2: The exploration and identification of IoT opportunities and potential changes
that might contribute towards an IoT business model;

Step 3: Assessment of the changes defined in the previous step. In that step, users,
based on critical factors [10] assess the changes. The outcome of this step is a list with
the selected changes, which, according to the user, might have a positive, negative or
unknown contribution to their business.

The tool contains three parts, each of which reflects one of the design principles from
Section 4. Figure 2 presents a screenshot from the developed prototype. Due to the
page limitations a clickable prototype of the tool can be accessed via
https://invis.io/ VFGQMDOGHZC.
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Fig. 2. Screenshot of the developed prototype. The screenshot presents the first step of the
process (description of the existing business model).

6 First Cycle evaluation and Discussion

In this paper, we present the first cycle evaluation (figure 3) approach and the results.
For the evaluation we collect data from interviews, short questionnaires, and pre- and
post use surveys.

6.1  Evaluation approach

Initially, we asked software developers to alpha test the prototype (1). With the alpha
testing, we wanted to identify any major or minor technical issue. The alpha testers
used and tested the prototype, and then fill out an online accessible questionnaire. We
asked questions regarding major and minor mistakes (e.g. bugs), time estimation, and
the response of the tool in different actions. We immediately implement their feed-
back. Then, we pilot test the evaluation approach with junior researchers. The pilots
provide feedback for the improvement of the business model tooling and the evalua-
tion process (2).

For the beta testing, we asked the opinion of four consultants experienced with
business models and technology disruption (we refer to them as beta testers) (3). The
researchers presented the prototype to the beta testers (physical or online). During the
discussion, the beta testers provided their comments.
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As the next step, we did workshops (between November 2017 and January 2018) with
23 master level students with an entrepreneurship interest as participants to use the
prototype and provide comments (4). For the purposes of these workshops, we used a
specific business scenario (the case of a car-renting company in the IoT era) in order
to illustrate as much as possible a real case that the business model could be used and
have some impact. Also, the use of a specific case allowed us to increase the validity
of our evaluation because all the participants will follow the same tasks for one spe-
cific situation.

The participants of the workshops used the prototype for this specific case and
filled out a pre- and post- questionnaire including questions regarding both the func-
tional and non-functional requirements. For ethical reasons, we asked facilitators,
uninvolved with this research, to be part of the workshops as facilitators of the work-
shops. The facilitators provided some observations from the workshops that were
used for the validity of the evaluation and for future improvements.

Finally, we analyzed the collected data (5) from the previous steps for the first cy-
cle evaluation. The results will be used as inputs for next iterations. Figure 3 presents
the steps of our evaluation while Table 1 summarizes the data collection approach.

Table 1. Details of the data collection for the first cycle evaluation of the prototype.

Actions Informants Duration and Focus of the feedback Data  collection
Location methods
Alpha test-  Software de- ~30’; Online Technical requirements Shot question-

ing (1) velopers naire



Internal pilot PhD research-  ~1h, workshop  Informal testing of the Internal use only
testing (2) ers setting (the prototype and the meth-

results from this  odology for improve-

workshop were  ments

used only for

piloting the
evaluation ap-
proach)
Beta testing  Technology ~30"; Online Principles, Functional and Interviews
A3 consultant, and  (via Skype); face non-functional require-
business con-  to face meeting  ments
sultants
Workshop Students with ~ ~1.5h (Lab Use of the tool in practice Post- and Pre-
“4) entrepreneur- setting) questionnaire,
ship focus observations

6.2  Findings from the first cycle evaluation

The DSR actions described above allow us to collect informative feedback for the
developed prototype. This section discusses the results of the first cycle evaluation.
We firstly discuss the main comments we received from all the informants and then
we explicitly focus on findings regarding the three design principles. We analyzed the
data collected from the beta testing and the workshops.

Beta testing

All the beta testers acknowledged that the tool will be useful and that the pre-filled
option is an interesting feature. Three beta testers suggested that at the next version of
the tool, and more specific the second step if the IoT transformation needs to include
more options regarding the disruption in order to support the users with the business
model transformation, and offer more value to the users and support them more with
their next actions regarding their business model exploration.

It is interesting that all the beta testers extensively commented on the last step (as-
sessment of the changes). They argued that this step requires a lot of time and the
users might not find that appealing. Additionally, they argued that we cannot use the
same Key Performance Indicators (KPI) for each potential change. Finally, three of
the beta testers suggested that the tool needs to provide a final recommendation to the
users in the form of a prioritization list of the order the identified changes should be
implemented. One of the beta testers argues that this will contribute more on the us-
ers’ decision making because they will have some concrete actions to do in the near
future. All the beta users argued that the tool needs to be more automated (e.g., to
give suggestions, to prioritize without requesting the users to do it on their own etc.).
One of the beta testers point out that the open-type answers should be eliminated be-
cause users prefer to brainstorm and decide upon specific recommendations. The
dynamic nature of loT requires constant updates on the functionalities of the business
model tooling.
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Regarding the non-functional requirements, the layouts, color codes were well re-
ceived but some improvements can be made, as the informants got confused in some
situations. Two of the beta testers argued that the illustration of the existing business
model (step 1 of the tool) should be always visible so the users can identify potential
changes to their existing business model.

Workshops

For the first cycle evaluation, we did three workshops with master level students with
an entrepreneurship focus in their studies. Regarding the outcomes from the work-
shops, a common feedback we received from the majority of the participants was that
a clear description of the purpose of the business model tool was needed in order to be
able to work with it. Additionally, some of the participants find that the third step
(where they had to assess the potential changes) was too demanding and they ex-
pected that the tool would require fewer inputs from them.

Finally, we analyzed the observations of the facilitators. From the observations, it was
clear that the participants were engaged in the process and the use of the tools. How-
ever, the observers noticed that the informants had some issues with the understand-
ing of the wording, the process was time-consuming and the layout of the prototype
could be improved.

Regarding the non-functional requirements, some of the participants mentioned that
some of the used words and definitions in the excel sheets (i.e. the prototype) were
difficult to understand.

Findings regarding the design principles

While this paper presents the first cycle evaluation iteration, it was of our interest to
identify if the findings indicate that, in some extent, the design principles (discussed
in section 4) that informed our prototype, contribute to the business model explora-
tion. The alpha testers did not focus on the functionalities of the prototype and hence,
the findings from this activity do not provide any indication regarding the design
principles. Table 2 summarizes findings from the beta users, both supporting the
choices regarding the design of the prototype, and points of improvements (i.e. find-
ings, suggestions).

Table 2. Initial findings and suggestions form the informants regarding the design principles
(DPx) from the first cycle evaluation.

DP1: Using pre-filled
business model tem-
the
understanding

plates facilitates
user’s
of the components of
the current business

model.

DP2: Using templates with
solution-based patterns im-
proves

how to change different com-

idea-generation on

ponents of the current busi-
ness model.

DP3: Using a tool with

assessment features im-

proves user’s decision
making about whether to
adapt components in the

business model

Findings ‘Pre-filled is a perfect

‘What I don’t like: you put

‘If it is designed well then it



idea’ (beta tester 1).
The pre-filled option
is interesting as it is
not a common feature
on the design of exist-
ing business model

tooling’ (beta tester 2).
Sugges- “Where are questions
tions for regarding the costs?’
improve (beta tester 3 and 4).
prove-

the user to think the transfor-
mation. This is the job of a
consultant Also, I am not sure
if they will understand that
you give them inspiration and
not a specific solution. How-
ever, they will get inspired’
(beta tester 1).

‘Support them by making
questions. Provide an over-
view, for example: Do you
think that it will be profita-
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can really help the users to
make decisions’ (beta tester

3).

Prioritization of the as-
sessed changes is needed so
users can make decisions
(overall comment).

ments ble?’ (beta tester 4).

For this evaluation cycle, we collected data from 23 participants. While 23 partici-
pants are not statistically significant, the collected data allowed us to make some ini-
tial conclusions.

Table 3. Quantitative findings from workshops (N=23).

Design Statements Test statistics
Principles

DP1 I have a solid interpretation of what the business model  t(16)=2.432, p<.05
components are.
I am able to apply my knowledge on business model on a  t(16)=2.281, p<.05
new context/case/industry.

DP2 I am able to generate qualitative ideas on how business  t(15)=2.112, p<.05
models components can be changed.
I am able to estimate how unexpected my generated ideas  t(15)=2.449, p<.05
are.

DP3 When it comes to a decision regarding a business model  t(15)=0.557 p<.05

change I prefer to keep everything as it is.

In the workshops, we collected quantitative data to evaluate the impact of the proto-
type on business model exploration. We did so by asking the participants to fill out
the same questionnaire before and after the use of the prototype. The questionnaires
were divided into three sections, each containing statements related to one of the three
design principles. Then, we ran paired t-tests to measure differences before and after
using the prototype. Out of the 17 pairs of statements, five were significantly in-
creased (p< .05), see Table 3.

7 Conclusion

In this paper, we presented the design and development of a digital tooling for busi-
ness model exploration for the IoT. During the design, we developed three design
principles that established the requirements of the tooling. The prototype served as an
instrument to evaluate which of these principles contributes to the business model
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exploration process. Various informants evaluate the prototype of the digital tooling
prototype. Overall, the informants appreciated the functionalities of the tooling and
had a positive feedback regarding the design principles. On the other hand, they point
out improvements for a future version of the tooling. The quantitative support to an
extent that the developed prototype improves the business model exploration.

The limitation of this study is related to the participants and the size sample. For
this paper, participants were 23 Master level students. While the participants provided
us with fruitful insights, in the future we plan to revise the prototype based on the
feedback we received and replicate the workshops (following an experimental design)
to a larger scale and ground our findings from a larger and more representative group
of informants (i.e. practitioners).

This study contributes to the business model innovation theory with the three de-
veloped design principles, with the overall aim to contribute to the business model
exploration process. Additionally, this study contributes in the form of an artifact (i.e.,
the prototype) as an improved solution for a specific problem (business model explo-
ration) [44]. In practice, our study contributes to the development of an easy to use
tool with minimum complexity, and high automation that supports enterprises with
their business model exploration and innovation process.

The results of this paper in addition to future studies can improve the functionali-
ties of the artifact and it can deliver an updated version of the artifact. This paper is
focusing on the IoT as an instance of disrupting technology. However, future studies
could examine if the proposed design knowledge is applicable for other kinds of dis-
rupting technology. Additionally, future studies could test the business model tooling
in different industries (e.g. automotive, healthcare). These studies could contribute to
the understating if the design knowledge suggested in this design knowledge is gener-
alizable.
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