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Abstract

Pervasive digitization of products and services
open additional avenues for the next wave of business
model opportunities. Most of firms are aware of the
monetization potentials that the Internet of Things
(IoT) has to offer, however, they still struggle to create
a compelling value propositions. Despite the attention
of both research and practice onto business models
and the 10T, only few concepts and research endeavors
regarding their intersections exist. This paper tends to
unleash the specificity of the business models within
the IoT technologies, and motivate new, ecosystem,
perspective for upcoming research. Following a
rigorous methodology for a comprehensive and
systematic literature review, we develop five literature
clusters related to the Internet of Things-driven
business model research, evaluate and analyze the
papers within clusters, and finally identify the gaps and
propose directions for future research.

1. Introduction

The Internet of Things (IoT) technologies
tremendously affect business relationships and,
consequently, business models (BM). Typical example
is the story of the General Electrics (GE), which
nowadays faces non-traditional competitors such as
SAP or IBM. Using the 10T applications, these new
competitors shift the value proposition from plain
equipment to additional efficiencies and benefit
through advanced analytics and data [34]. Nowadays,
we see many automotive manufacturers transforming
from the mere car producers into the holistic solution
providers, enhancing their products with digital
features and platforms. For instance, Mercedes Benz
Vans opened up a project house “Future
Transportation” that is focusing only onto the
digitalization of services and products. Such
applications and state-of-the-art possibilities promise to
fuel business profits. According to the Internet of
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Everything Index (IoE), businesses generate $613
billion of additional profits annually because of
connected devices [6]. Gubbi et al. [27] estimate that
the number of those devices will reach 24 billion by
2020 which corresponds to recent forecasts that
promise exceptional economic impact of loT
applications, namely a revenue of $11.1 trillion per
year in 2025 [26], [48]. However, these humbers might
be overoptimistic as due to the complexity and
heterogeneity of 10T, businesses are striving to consign
proper BMs able to reflect the interconnected nature of
those technologies [43]. The transformative power of
10T requires a complete mind-set shift regarding the
value creation and capture, which poses significant
challenges [85]. Such shifts and various obstacles are
hindering loT-driven BM realization. For instance,
major technical challenges such as scalability, resource
scarcity and security [1], [31], business development
obstacles [85] or the inertia of incumbent firms [70].
On the other hand, loT creates the foundation for
design of new profitable BMs and value exchange
mechanisms [22, 23], [62], [86], and not only it is able
to reshape the BMs but entire industry boundaries [63].
Nevertheless, so far only a few conceptualizations of
the loT-driven BMs have been introduced [43], [69],
[74] and the literature coverage is still largely
technology focused [82]. There is a lack of common
knowledge on what these models are and how they
should be constructed [18], [43], and [74]. The
knowledge emerges from diverse fields of research and
there is no uniform understanding on how these models
should be conceptualized, defined or adopted.

In order to provide a common ground and motivate
new perspectives for future developments in practice
and research, this paper studies the research question of
what is the current literature on BMs in the field of the
10T technologies and what are the implications for
future works. The scope is twofold: First, we strive to
provide the comprehensive and up-to-date literature
review of the existing research, contributing to the
establishment of the common body of knowledge. This
in return, is going to help further conceptualize BMs
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within the loT environment [79]. Second, it relates
future research directions to each of the streams,
building the space to facilitate theory development and
uncover areas where research is needed [83].
Additionally, from a practical perspective, this paper
adds value to the businesses, notably to the incumbent
firms, as the insights on the existing loT-driven BM
research lead to an improved understanding of this
environment. Without a well-developed BM, any kind
of organization is going to fail in delivering or
capturing the value [70]. Moreover, this overview is of
particular value for information systems (IS)
practitioners who seek to design the information and
communication tools supporting the business modeling
processes (e.g. UML) [21]. In summary, the structured
literature review as well as the outlook of the
upcoming research in this paper tend to contribute to
current debates and commence novel, intriguing
discussions. This paper is structured as follows: first,
we provide a brief theoretical background onto the
development of BM concept, second we justify the
systematic review methodology; and finally, cluster
and discuss the corresponding literature streams of the
loT-driven BM research. Finally, we conclude with the
outlook and directions for future research in BMs in
the 10T era.

2. Theoretical Background

The existing diversity of BM definitions results in
multiple annotations (see for example [13], [45], [70],
[72], [79], etc.). However, many researchers agree that
the BM helps interpret how a specific firm is
conducting its business [12], [59], [71]. We argue, that
the firm centric view has to be broaden, and merging
two definitions introduced in Zott et al. [91], and Zott,
and Amit [92], we define BM as the value creation tool
that depicts the content, structure, and governance of
transactions enabling a system of interdependent
activities that transcends the focal firm and spans its
boundaries. 10T technologies bundle applications
spanning the boundaries of a firm and in nature
represent the assemblage systems irreducible to its
individual parts, therefore it is of crucial importance to
include both firm and ecosystem perspective when
analyzing the loT-driven BMs [43], [55], [93].

Firm centric concept started to evolve within the
widespread adoption of computer networks in the
1990s [20], [25], [28] [39], [45], [89], [91]. Through
the years, the research focus shifted from the e-
businesses [2], [14], [72] to the BM research arising
from multiple disciplines such as strategy, innovation,
management, and IS [12], [40], and [58]. Mostly the
research was generic [79], but certain scholars
introduced domain-specific taxonomies of particular
subtypes [29], [64], [68]. Additionally, some
researcher identified and analyzed various components
of the BMs [60], [67], while others used them to

provide a method of BM discovery for technology
entrepreneurs [51]. Some scholars claim that the recent
research on clarifying the BM concept and its
constitutive elements or components [28], [58] helped
establish “an increasingly uniform understanding” of
the BMs [81]. However, there are still dozens of
academics who argue that the academic research on
BM is still largely underdeveloped [91] and that
narrow — firm centric approach is not suitable for new,
highly interconnected environment. BMs based on
today’s largely static information architectures and
firm-centric nature face challenges as new methods of
creating value arise (e.g., specific location, dynamic
pricing, usage fees) [15]. The literature on business
ecosystems highlights the need for a deeper network
view on BMs [11], [52] as existing templates and
frameworks might not be adequate tools when
examining the interdependent nature of the growth and
success of companies evolving within the same
ecosystem [88]. Considering the development of the
10T field, it is evident that interdependency of different
actors through technical and business ties is becoming
essential [86]. However, despite being around for
already two decades and touching upon every sphere of
our lives [82], there remains substantial discrepancy
regarding the 10T concept and its understanding. It was
firstly presented in 1998, focusing on social
community and industries [63], still there is no
commonly accepted definition and we rather use it as
an expression to describe the concept of connecting
objects for various purposes including identification,
communication, sensing, and data collection across the
Internet [82]. From a technical perspective, the loT
applications serve as enablers of physical objects to
transform analog information into digital [90]. We
reaffirm the definition introduced in Haller et al. [31]
who consider the 10T as a world where physical objects
seamlessly integrate into the information network and
can become active participants in business processes.
Such utilization of the 10T technologies introduces new
business opportunities as remarkable improvements in
the 10T sensor and actuator technologies and decrease
in costs allow companies to leverage new data insights,
introduce advanced offerings [86], and create
completely new loT enabled BMs [62]. For instance,
consumer data might allow for both personalization
and standardization of the offerings, resulting in new
profit opportunities [55]. In other words, digitally
enhanced products will allow companies to offer
entirely new solutions, enhance value propositions, or
target new customer segments [23]. For successful
nutrition of such immense opportunities, there is a
necessity for development of dedicated BM
conceptualizations, frameworks, tools and methods.
Given the disruptive nature of the l1oT [30], current
general approaches should be altogether reinvented to
fit the dynamic and flexible nature of the loT
environment [77].
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3. Process of Systematic Review

To answer our research question of what is the

current study on BMs in the field of 10T technologies
and what are the implications for future research, we
conduct a systematic literature review (SLR). In order
to identify key scientific contributions about the l0T-
driven BMs, we follow a rigorous protocol, consisting
of a replicable, scientific and transparent process
introduced in Tranfield et al. [71]. This is a highly
cited and one of the standard reference for the SLR
method in IS. The SLR allows us to synthesize past
knowledge about the research topic, identify important
biases and knowledge gaps in the literature, and finally
propose future research directions [53]. By applying
this method, we are able to identify the gap between
diversified research on loT-driven BM literature.
The following detailed description of the method and
analysis process supports the reproducibility of our
research [46]. In our first phase, we conducted the
interviews with four experts in the loT-field from two
leading European manufacturers dedicated to the
digitalization transformation and parallel we initially
screened the relevant literature. This procedure leads
us into a second one where we determined the relevant
terms for our literature search. We found out that the
following terms known so far from the research field
are still relevant for our literature search: 10T Business
Model, and Internet of Things AND Business Model.
These search terms were used to query the titles,
abstracts and keywords of the various publications. We
used INFORMS and ACM databases that cover the
Association for IS journals and the top 50 leading 1S
journals [80]. Additionally, we considered three
leading practitioner-oriented journals, namely the
California Management Review, Harvard Business
Review, and MIT Sloan Management Review as this
adds practical value to our paper and allows broader
perspective onto the research paradigm [91]. The initial
list consisted highly ranked 120 publications in all
sources until late 2018. After reading through the
abstracts and conclusions, we filtered the publications
based on topic relevance. Out of this process, 80 papers
are selected for focus analysis. Within focus analysis,
we read the papers, and based on first topic and then
journal relevance, we selected 20 publications.
Backward and forward search led us to additional six
papers. As a result, the final list including the journal
publications, conference proceedings, completed and
research papers, consisted of 25 publications. The
process of publications extraction is illustrated in
Figure 1. To extract the comprehensive clusters of the
literature streams on loT-driven BMs research (n=25),
we follow the inductive approach introduced in Miles
et al. [50] and using the MAXQDA software for
coding the literature material.

Informs and ACM Practitioner-oriented
databases Journals

a7 i 23 l
Filter based on topic relevance

:

Filter based on focus analysis by
screening titles and abstracts

1

‘ Backward and forward search |

l

| 25 results (publications) ‘

Figure 1. Publications extraction process

Inductive approach allows us to search for patterns
(clusters) from observations and the development of
theories. It consisted of two coding cycles. Firstly, we
formed categories for each literature stream on loT-
driven BMs. For this, we followed the definitions and
descriptions of the BMs literature research sub-
domains presented in Pateli and Giaglis [60]. Using the
five expert judgments and reliability testing, they
proposed following eight sub-domains: Definitions,
components, taxonomies, conceptual models, design
methods and tools, adoption factors, evaluation
models, and change methodologies [60]. Accepting
these domains as “a validated instrument that classifies
BM research” [60], we adopted the definitions of
existing categories as a reference point. The analysis of
the literature on the loT-driven BMs followed the
benchmarking process, where each selected publication
was tested against all existing sub-domains. The
authors conducted this process individually, merged
the outcomes and finally consolidated the results. In a
second cycle, we involved three additional experts
dedicated to the research on business models and 10T
to critically revise the clustering process and according
to abstracts assign the papers to particular sub-domain.
In this process, we arrived to the consensus where five
out of eight existing sub-domains appeared to satisfy
the criterion developed in Pateli and Giaglis [60]. We
structured the various volume of information by
aggregating the codes into five main categories:

1. Conceptualization refers to the group of literature
dedicated to present viable loT-driven BM frameworks
or patterns,
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2. Components identifies the group of literature
concerned with analyzing the decomposed constructs
of the loT-driven BM concept,

3. Design Methods & Tools concerns the development
and use of loT-driven BM modelling tools used to
automate and leverage the process of design,

4. Taxonomies relates to possible categorizations of
loT-driven BMs into a number of typologies based on
various criteria and,

5. Adoption Factors refers to the stream analyzing
challenges that affect the organizational adoption of
loT-driven BMs.

Lastly, in a third phase as described in Tranfield et al.
[71], we identified the research gaps in each sub-
domain and proposed directions for future research
(see chapter 4).

4. Literature Analysis of 10T driven
business models

This section presents an overview of existing
research on BMs within the 10T technologies, extracted
from 25 publications identified through the process of
SLR. The publications are organized into five sub-
domains of the research framework introduced in Pateli
and Giaglis [60]: Conceptualization, components,
methods and tools, taxonomies and adoption factors.
Table 1 represents an overview of the findings, relating
the authors to the sub-domains. Black color represents
the domain that is profoundly analyzed, gray color is
for limited analysis and white boxes mean that there is
no analysis of those domains (see legend for analysis).
In following sub-chapters, we aim to discuss the
existing knowledge and establish an anatomy of
diverse findings. We identify challenges for future
research, and particularly motivate research that is
going to lead the transformation of BMs rather than
merely reflect or describe the existing cases.

4.1. Conceptualization

The cluster conceptualization refers to the literature
dedicated to present loT-driven BM frameworks or
patterns. Research in this domain aims at organizing
information about the relationships between various
BM components from numerous perspectives [60].

In the literature on loT-driven BMs, we identified
couple of distinct streams. First, there is a research that
target to capture the value interactions within the 10T.
livari et al. [35], for instance, proposed a framework
for understanding the dynamics of value co-creation
and co-capture in the context of Industrial Internet.
Using two dimensions, stage- and scope & scale of
value co-creation and co-capture, they identified the
corresponding BM type and introduced the so-called
“oblique” model that incorporate simultaneously value
co-creation and co-capture within the loT ecosystem.

Table 1. Literature review

c
o 0 2
T 3 =
Nlalc 0| &
S| S |D,|.Q|WL
5|9 |s2|E|c
L 5| < o o
Author/s (Publication o|lo|col|l| s
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Bucherer and Uckelmann
(2011)

Turber et al. (2014)

Sun et al. (2012)

Schladofsky et al. (2017)

livari et al. (2016)

Li and Xu (2013)

Ehret and Wirtz (2017)

Leminen et al. (2012)

Ju et al. (2016)

Dijkman et al. (2016)

Bock and Wiener (2017)

Brynjolfsson and Saunders
(2009)

Mejtoft (2011)

Weinberger et al. (2016)

Chan (2015)

Chui et al. (2010)

Teece (2010)

Fleisch et al. (2015)
Vermesan and Friess
(2016)

Westerlund et al. (2014) !
Wourster (2014)
Bilgeri and Wortmann
(2017)

Haller et al. (2009)
Klein et al. (2017)
Saarikko et al.(2017)

Onar et al. (2017)

Legend for analysis: B in-depth 2 limited CInone

Similarly, Weinberger et al. [86] built the concept
based on value components: exchanges, extract
(monetized part of the ecosystem), and design.
Vermesan et al. [77] explored eight different layers to
classify the value creation in 10T and identify the
participating stakeholders. For each layer, they
proposed the corresponding type of BM as the most
commonly ones used across the markets. Secondly,
there are scholars who mostly focus on specific
characteristics of the 10T technologies. Hognelid and
Kalling [30] provided a concept built upon three
constructs, transaction  structure, content, and
governance. For each construct they assigned four
different capabilities of the smart and connected
products, monitoring, control, optimization and
autonomy. Schladofsky et al. [66] introduced the
framework considering the heterogeneity of smart node
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devices at the edge, network technologies, multiple
standardization initiatives, the immaturity of
innovation, and the unstructured ecosystems. Finally,
Ehret and Wirtz [19] built the Industrial loT-driven
BM clusters based on the concept of non-ownership
contracts. They introduced three possible BMs for the
loT environment within the manufacturing industry.
Finally, there are scholars who design conceptual
models assuming the ecosystem perspective as the
defining scheme. For instance, Leminen et al. [43],
using the ecosystem and customer dimensions,
identified four loT-driven BM types. Turber et al. [74]
set forth the “Framework for IoT BMs”. Based on the
service-dominant logic [76] and using the design
science approach [61], they formed the loT-driven BM
framework encompassing three dimensions identifying
stakeholders, benefits of participation, and sources of
value co-creation. Likewise, Sun et al. [69] introduced
a so-called DNA model addressing three “How”,
“What” and “Why” elements of the IoT-driven BMs.
Using the three blocks, design, needs, aspirations and
smart logistics as the use-case, they demonstrated the
cause-and-effect of existing relationships.

According to the raised analysis, we remark that
there is a strong emphasis on different dimensions of
the loT-driven BMs, but the actors and mutual
dynamic interactions are poorly examined. For
instance, Vermesan et al. [77] affirm that the
stakeholders involved in the loT businesses might be
participants in more than one layer; however, they do
not describe the existing relationships nor the overlaps
between different layers. In addition, many of the
conceptualizations apply the firm-centric parameters
onto different ecosystem loT players. We urge for
further developments of ideas onto how to derive a
contemporary concepts that do merge all existing
actors and their respective relationships. Specifically,
we urge to direct the research into discovering the
mutual relationships of various stakeholders included
in the 10T ecosystem and dynamic exchanges.

4.2. Components

This sub-domain in Pateli and Giaglis [60]
represents the cluster of the literature streams aimed at
analyzing decomposed BM components and their
fundamental constructs. Here, we identified the group
of literature concerned with analyzing construct
elements of the loT-driven BM concept. In literature
on BMs, the most commonly analyzed components are
customer segments, value propositions, channels,
customer relationships, revenue streams, key resources,
key activities, key partnerships, and cost structure [58].
When it comes to the loT-driven BM literature, the
analysis of the components has been quite niche. Many
scholars examined the value component as the crucial
profit driver. However, there is a divergence in
perceiving the importance of different value
components. On one hand, Bucherer and Uckelmann

[7] stressed that the information and its exchange play
a crucial role in the 10T network. Similarly, Bock and
Wiener [9] evaluated customer data as the main loT-
driven BM value ingredient. On the other hand,
Brynjolfsson and Saunders [10] profoundly described
digital infrastructure as the core component. They
claimed that digital infrastructures should be focused
on as they are extremely scalable and can be upgraded
or replaced with relative ease and at low costs. There
are also scholars who pursued rather comprehensive
analysis of value creation without weighting on
particular propositions. For instance, Mejtoft [49]
analyzed the value component from (i) manufacturing,
(ii) supporting, (iii) and co-creative behavior of things
perspectives. The manufacturing layer denoted the
hardware aspect of the loT, the supporting layer
reflected the process of data collection for further value
creation, and the co-creative layer uses I0oT as a co-
creative partner. In similar manner, Onar et al. [56]
evaluated value proposition with respect to novelty,
efficiency, lock-in power and complementarity
parameters. Revising the previous loT-driven BM
Components cluster, one might conclude that the
current research is value focused and quite few. In line
with the findings in Dijkman et al. [18] in which the
value proposition appears as the most significant
building block of the loT-driven BMs, these research
efforts are highly advantageous for further studies. On
the other hand, the analysis of other components, such
us infrastructure and data ingredients is conducted
rather marginally without emphasis. Additionally, there
is virtually no targeted analysis of other important
components such as customer relationships and key
partners [18]. Due to this heterogeneity of research, we
encourage further studies and empirical validations of
the various loT-driven BM components (e.g. how
dimension of value exchange) and recommend
particular attention to be given to “data” as one of the
crucial drivers of future businesses.

4.3. Methods and Tools

In this sub-domain Pateli and Giaglis [60] include
research that refers to tools used to leverage the
process of designing a BM. This cluster concerns the
development and use of mechanisms used to describe
the process and eventually the components of
designing the loT-driven BM. In our analysis of the
loT-driven BM literature, we found couple of
practically viable solutions for businesses. Chui et al.
[15] introduced the tool with which they tend to answer
the question of “How” for the process of the IoT
business development. In other words, they aim to
describe the most important actors and factors of the
model development, building upon the framework
introduced in Holler et al. [32]. Dijkman et al. [18]
introduced components for BM for IoT applications
based on BM Canvas (BMC) [59]. For instance, key
partners included various types such as hardware
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producers, software developers, data interpreters,
launching customers, etc. In similar fashion and also
using the BMC, Ju et al. [37] introduced the generic
loT-driven BM framework that consists of nine
building blocks and elements in each block. Some of
the building blocks reaffirmed findings in Dijkman et
al. [18], while in some blocks, based on the interviews,
they added or removed particular elements. Finally,
Chan [16] introduced the tool that facilitates the
visualization and arrangement of different loT-driven
BM components.

Despite many scholars calling upon the ecosystem
perspective when designing tools for the IoT-driven
BMs, most of the current research simply applies the
existing method considering several different
stakeholders. We argue that the future research has to
embrace the ecosystem perspective when building or
evaluating the specific BM design tools and methods
for the 10T environment.

4.4. Taxonomies

This cluster in Pateli and Giaglis [60] relates to the

possible categorizations of BMs into numerous
typologies based on different criteria. They argue that
in the field of e-BMs, there has been a relatively
significant portion of work related to the derivation of
a list of generic BM types. In the 10T context, there
have been several efforts to cluster different BMs with
respect to various criteria. Teece [70], for instance,
demonstrated different BM configurations that the 10T
businesses could adapt. One of the possible options he
proposed is the ‘razor/razor blade model’, which
involves pricing the razors (loT hardware)
inexpensively but aggressively marking up the blades
(e.g. data). Fleisch et al. [23] used the 55 BM patterns
introduced in Gassmann et al. [24] to test the loT
application onto the existing patterns. This iterative
process lead them to introduce two additional models:
(i) Digitally Charged Products that refers to the new
possibilities of the digital transformation for
manufacturing industries, and (ii) Sensor as a Service
that embraces the idea of collecting, processing, and
selling the data. Vermesan et al. [77] also used the BM
Navigator [24] to propose different loT-driven BM
combinations that the most successful 10T companies
are nowadays pursuing for their businesses. For
instance, the “Amazon Combination” comprises
affiliation, cash machine, e-commerce, leverage
customer data, long tail, make more of it, user
designed, and two-sided market BM options.
This fairly limited number of taxonomies indicates the
need to further research and proper classify different
types of the loT-driven BMs. In line with the e-BM
analysis [60], there is an underlying need for a holistic
parameter for the development of the loT-driven BM
taxonomy. Therefore, we urge for further studies on
the classification criteria for a proper development of
the loT-driven BM taxonomy.

4.5. Adoption Factors

Pateli and Giaglis [60] argue that the motivation
behind research on key factors that might affect BM
adoption has been to contribute, identify, and assess
promising BMs under different organizational
contexts. In our analyzing process, we identified eight
papers striving to analyze the challenges or
opportunities that affect the organizational adoption of
the 10T technologies within the new BMs.

Firstly, there are scholars who argue that the loT
technologies are particularly forcing collaboration. For
instance, Vermesan and Friess [78] claim that the 10T
is forcing the movement from vertical to multi-purpose
and collaborative solutions. Similarly, Loebbecke and
Picot [43] affirmed that the loT-driven BM challenges
are particularly significant as organizations convert
from industry-specific vertical 10T applications to
horizontal ones spanning multiple industries. Secondly,
there is a certain stream of literature focusing on
crucial challenges specific for the loT-driven BM
introduction. Namely, Westerlund et al. [85] proposed
three major obstacles of the 10T, namely (i) diversity of
objects, (ii) immaturity of innovation, and (iii)
unstructured ecosystems. Vargo and Lusch [76]
extended this study, additionally introducing (i) the
heterogeneity of network technologies, and (ii)
multiple  standardization initiatives.  Supporting
Westerlund et al. [85], they underlined the need to
understand integrated value drivers (i.e., shared overall
value for an entire 10T ecosystem) instead of
fragmented ones (i.e., individual actors’ value from
specific applications or services) and suggested
shifting the focus on value creation and value capture
in BMs from the company level to the ecosystem one.
On the other hand, some scholars focused on particular
business or technical obstacles such as Wurster [88]
and Haller et al. [31]. Wurster [88] described (i)
identification of horizontal needs and opportunities, (ii)
internal team alignment, and (iii) overcoming the
market maturity problem for IoT technologies, while
Haller et al. [31] grouped technical issues into four
clusters: internet scalability, identification and
addressing, heterogeneity, and service paradigms.
Saariko et al. [65] raised a number of fundamental
issues related to the development of loT-driven BMs
including partnership strategy, data ownership, and
technology diffusion. In particular, they posed several
questions and draw upon the observations from the
field to demonstrate that a financially sustainable
solution needs to have the full support of all
participants in order to enable the right preconditions
for value creation. While Bilgeri et al. [5] provided the
builder for developing BMs for 10T offerings; Bilgeri
and Wortmann [4] identified sixteen barriers
challenging that process. They structured them along
four high-level innovation stages described in Luchs et
al. [44].
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Table 2. Research direction

Research direction

Concepts Derivation of a contemporary |oT-
driven BM concepts that merge all
existing actors and their respective
relationships; discovering the mutual
relationships of various stakeholders
included in the loT ecosystem and

dynamic exchanges.

Components | Further studies and empirical
validations of the various loT-driven
BM components (e.g. how dimension
of wvalue exchange); particular
attention to be given to “data” as one

of the crucial drivers of future BM

Design
Methods
and Tools

Embracement of the ecosystem
perspective  when  building or
evaluating the specific BM design
tools and methods for the IloT
environment

Taxonomies | Need for a holistic parameter for the
development of the loT-driven BM
taxonomy; further studies on the
classification criteria for a proper

development of the taxonomy

Adoption Heading the future research towards
Factors the analysis of the particular
obstacles related to the dimension
transformation  (from vertical to
horizontal); the ecosystem dimension
of the loT-driven BMs and its defining
boundaries; test the adoption of the
loT-driven BMs within different
organization systems or structures

They argue that some of the resulting barriers appear to
be fairly discussed in the BM Innovation literature,
while others, which are particularly significant for the
10T environment, remain highly under researched.
Furthermore, we identified the scholars who tended to
describe rather an impact of the 10T technologies onto
the BMs such Chui et al. [15] who proposed six
distinct types of emerging loT applications and their
respective usage. They distinguished between two
broad categories: (i) information and analysis, and (ii)
automation and control. Weinberger et al. [86] claimed
that organizations can make use of the loT in three
different ways: 1) application of the loT-generated data
to improve the internal and external processes (high-
resolution management), 2) enrichment of the product
portfolio with sensor and actuator technologies
(digitally charged products), and 3) supply of the loT
technologies.

Analysis of the literature on loT-driven BM challenges
and opportunities reveals several gaps. To name a few,
there are scholars who introduce the crucial issue of
transformation from vertical to horizontal dimensions
within the 10T introduction, but there are still no
specificities on the nature of those challenges and their
respective influence onto BMs. Therefore, we strongly
recommend heading the future research towards the

analysis of the particular obstacles related to this
dimension transformation. Moreover, we see particular
necessity to further discuss the ecosystem dimension of
the loT-driven BMs and its defining boundaries.
Finally, there is still a need to test the adoption of the
loT-driven BMs within different organization systems
or structures.

5. Discussion of results

loT technology per se is unlikely to ensure a
sustainable profitability if the corresponding BMs are
not properly developed and adapted to its complex
environment [68]. Some of the existing forms and tools
might apply, but as the 10T has a disruptive nature [30]
which can change the entire BM paradigm (e.g.,
ecosystem perspective); there is a need for a better
understanding of the loT influence on business
development. Simply adding a few “digital features” to
the theory could result in a trap of applying the known
BM tools (e.g., BMC) to an environment that requires
entirely new design rules. The analysis of the concepts
related to the loT-driven BMs reveals several good
attempts to develop the theoretical frameworks (e.g.
[43], [74]), however, the correlations and mutual
dynamic interactions still have to be investigated. The
utilization of the firm-centric parameters onto different
ecosystem loT players should be avoided in order to
allow entirely new conceptualizations to emerge. The
research onto the BM components has for long been
neglected [81], and it is not surprising that there are
only a few studies tackling components of the loT-
driven BMs. Particularly, some scholars researchers
described and evaluated value components [7],[49],
while others focused on specific elements such as
infrastructure and data [9,10]. Taxonomy is at the
starting point of development where we observe an
application from the broad BM literature onto the IoT
context. For instance, Fleisch et al. [23] and Vermesan
et al. [75] both used the 55 BM patterns introduced in
Gassmann et al. [24] to introduce the BM taxonomies
within the 10T environment. When it comes to the
design methods and tools, there are couple of helpful
and practical approaches introduced with focus on
ideation and development of the loT-driven BMs [5].
However, these do not include the relevant component
descriptions and their respective roles. Finally, the
adoption factors of the loT-driven BMs group of
studies seems to be extensively researched area
compared to other domains.

Here, many scholars introduced different technical and
technological challenges of adopting the IloT
technologies (e.g., [77], [823]), while some of them
tackled the obstacles of introducing BMs within the
10T [4]. It is also noticeable that many scholars argue
for the significance of the ecosystem perspective when
discussing the loT-driven BMs. Originally presented
by James F. Moore [36], the concept of business

Page 4575



ecosystem stems from the insight that innovative
businesses rely on various resources.

Horizontal movements of value creation and capture
are ramifying BMs, and some scholars argue that the
existing frameworks are wunable to reflect the
ecosystem complexity of the 10T environment [83].
Therefore, there is a necessity to account for the
network and mutual dependence of different
stakeholders.

We suggest two ways to advance the study of loT
BMs. First, tackling and addressing the research
directions proposed in Table 2 will lead the research
into the direction of the advanced body of knowledge
that might provide the theoretical and practical
relevance for many enterprises currently facing
numerous obstacles in the process of loT-driven BM
adoption. Additionally, there is a necessity to
comprehend the networked nature of the 10T and its
surroundings [36], [42] as well as the significance of
customer co-creation processes and challenges [17].
Second, as we are aware of the several limitations of
this study, we suggest further analysis of the loT-
driven BM literature as well as the development of
possible research questions. Without a doubt, the
scholars should also tackle the so far non-identified
clusters such as definitions for the loT-driven BMs,
evaluation models, and change methodologies.

6. Conclusion

Our results of literature review by clustering of

existing loT-driven BM research lead to the conclusion
that this field seems to have potential for further
research (see Table 2). The IoT technologies have the
power to affect the entire overarching BMs [72], but
only the enterprises able to overcome the challenges
that this phenomenon poses will be able to benefit from
the emerging opportunities [23]. Despite some scholars
claim that the recent research on the BM concept
helped  establish  “an  increasingly  uniform
understanding” of the BMs [28], [58], [81]; we argue
that narrow — firm centric approach is not suitable for
new, highly interconnected environment. loT-driven
BMs should not base on largely static information
architectures and firm-centric nature as the IoT field
leads to high interdependency of different actors
through technical and business ties [86].
This review has several limitations. First, much of the
reviewed literature is quite recent and a few
contributions have appeared in top journals. Second,
although we followed “a validated instrument that
classifies BM research” introduced in Pateli and
Giaglis [60], our classification process still follows our
understanding and perspective of “what makes sense”.
This method has been chiefly used in IS research, but
for future research we strongly recommend following
the rigorous taxonomy development method as for
instance described in Nickerson et al. [54].
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