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Abstract 

Luke Treves 
A connected future: The influence of the Internet of Things on business models and 
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Diss. Lappeenranta-Lahti University of Technology LUT 
ISBN 978-952-335-879-9, ISBN 978-952-335-880-5 (PDF), ISSN 1456-4491 (Print), 
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This dissertation investigates the impact of the Internet of Things (IoT) on the adaptation 
of existing business models (BM)  also referred to business model innovation (BMI)  
and the development of new BMs, to improve the competitiveness and operational 
advantages of companies and other forms of organisations. IoT capabilities enable 
companies to identify, create, and capture new sources of corporate and customer value 
that define their long-term health and well-bring. Despite the practical and theoretical 
importance of an integrated approach to IoT, and BM and BMI thinking, research on these 
issues has been limited from the perspective of the capabilities, changes, and mechanisms 
that companies must develop and strategically implement to maximise value 
identification, creation, and capture through IoT enhanced BMs and BMI. Indeed, most 
existing research on the topic focuses on the technological and overall business potential 
of IoT from the standpoint of a single company or technology application. As a result, it 
is critical to develop an understanding of trends and identify research gaps in the fields 
and intersections of IoT, BM, and BMI, as well as the capabilities required to implement 
them. 

This dissertation employs a mixed methods approach guided by the research question 
"How is IoT influencing the adaptation and development of new BMs and BMI?" to fill 
these research gaps mentioned. The primary theoretical frameworks employed are 
grounded theory and systematic theory, which are supported by BM, resource based and 
dynamic (technology) capability perspectives. This dissertation is supported by five 
publications that investigate business design integration issues, capabilities, and the types 
of BMs and BMI that are emerging because of IoT, as well as how they are applied in 
practise. 

The incorporation of IoT into company business and operational processes, according to 
the findings of this dissertation and its supporting publications, demonstrate that IoT 
enhanced BMs and BMI that focus on a marketable system of products and services to 
satisfy customer needs by providing service-based consumption solutions  also referred 

 rather than product ownership are more likely to succeed in the 
future. These types of BM and BMI leverage IoT's increasing pervasiveness to collect 
enormous amounts of unique data sets that can be used to identify, create, and capture 
new sources of value for companies, their partners, and customers, improve customer 



experiences, and enable the rapid development of new capabilities. As a result of these 
developments, a diverse range of innovative activities and differentiated customer 
offerings are now possible. 

Keywords: Business model, business model innovation, Internet of Things, IoT, 
technology capabilities 
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1 Introduction 

 

 Charles Darwin 
 
Likewise, companies that fail to adapt technologically will succumb to so-called digital 
Darwinism. Whereby society and technology, and subsequently consumer behaviour, 

lure 
and extinction. As with natural selection of all species of organisms, with digital 
Darwinism only some companies will survive (Solis, 2011). 
 
The growth of IoT in recent years has led to predictions that it will radically transform 
every aspect of our lives in ways that previous industrial revolutions did not, adding 
enormous value to the activities of both consumers, companies, and other types of 
organisations 
any device (so long as it has an on/off switch) to the Internet and to other connected 
devices. As IoT becomes ever more pervasive, it is creating a giant network of connected 
objects and people  all of which collect and share data about the way they are used and 
the enviro
there are more connected objects equipped with advanced sensors, wireless networks, and 
innovative computing capabilities than people on the planet, and the number of 
companies adopting IoT technologies is increasing. By 2025, it is expected that there will 
be approximately 41.6 billion IoT connected objects collecting data on how we live, work, 
commute, and maintain the machines that support our daily lives (Gupta, Dash and 
Mishra, 2019; Sestino et al., 2020; World Economic Forum, 2020). IoT connected objects 
like wearables, smart home applications, advanced health care systems, "smart cities," 
and industrial automation are in particular expected to grow rapidly (Chen et al., 2016; 
Marjani et al., 2017).  
 
Subsequently, these and other IoT applications are becoming increasingly visible in 
business activities, promoting significant changes in product manufacturing and 
consumption, fuelling the emergence of a smarter and connected society (Ng and 
Wakenshaw, 2017; Martens et al., 2021). A plethora of Internet network protocols makes 
it easier for companies to connect these sensors to the cloud and other "things" (Oracle, 
2021) "anytime, anywhere, and for anything," which can lead to improvements in 
operational and business process management and create new value streams. In this sense, 
IoT expands on the original vision of the Internet by connecting and integrating the 
physical world with the information space, which enables companies to improve their 
competitiveness by transforming their products and services into digital business 
prospects. IoT also offers them instruments for researching customer behaviour, attitudes, 
consumption habits, and decisions, which has ramifications for marketing research. 
Similarly, the proliferation of such high-tech products and services has implications for 
innovation studies and applications (Meyer, Wortmann and Szirbik, 2011; Giudice, 
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2016). Whereby IoT enables companies to collect and exchange massive amounts of 
valuable data, which they can use as raw material for machine learning algorithms, which 
can enable predictive analytics and automation to improve a variety of business purposes.  
 
Despite the technological promise of IoT, it is not in itself enough to realise the benefits 
it can afford companies, other users and their customers (Bucherer and Uckelmann, 2011; 
Kamalaldin et al., 2021). Tapping into the benefits provided by IoT requires companies 
to actively adapt and align their existing BMs through BMI, or develop entirely new BMs 
to align their activities rapidly changing business environments (Teece, 2010; Foss and 
Saebi, 2017), or they will succumb to Digital Darwinism. These developments in BMs 
are increasingly important as they establish a strategic roadmap that a company follows 
to identify and take appropriate actions based on the new capabilities IoT affords them. 
For example, through BMI and new BMs, companies can use IoT to connect to and collect 
huge volumes of useful data on any IoT enabled object or person, which they can then 
use to identify, create, and capture new sources of value. IoT, in particular, allows 
companies to develop BMs that facilitate the selling of integrated bundles of tangible 
products, intangible services, and digital infrastructures that digitally fulfil the needs of 
individual consumers (Atzori, Iera and Morabito, 2010, 2017; Lu, Papagiannidis and 
Alamanos, 2018).  
 
Accordingly, IoT is driving the growth of new kinds of BMs based on customer accessing 
the function or performance of products, rather than owning them - commonly referred 
to as 'servitization,' or 'digital servitization (Gebauer et al., 2021; Jovanovic, Sjödin and 
Parida, 2021; Martens et al., 2021). These types of BM allow companies to generate more 
consistent and recurring revenue streams. While customers benefit from not having to 
make large capital investments, and the ability to easily scale their capacities up and 
down, as well as access to superior support and service. Through their omnipresence, 
precision, low cost, and always-connected nature, IoT linked objects can enhance these 
types of BMs by allowing companies to access real-time and historical data that IoT 
devices generate, which allows them to take actions like preventive and predictive 
maintenance, automated alerting, introduce new service levels, and increasingly 
personalised and context specific offerings (Atzori, Iera and Morabito, 2010, 2017; Lu, 
Papagiannidis and Alamanos, 2018; Martens et al., 2021). Consequently, IoT has drawn 
significant attention in the fields of BM and BMI, and business value modelling 
(Rönnberg Sjödin, Parida and Kohtamäki, 2016; Sjödin et al., 2020; Linde et al., 2021). 
Indeed, Ernst & Young (2020) stated in their "Megatrends 2020 and beyond" study that 
companies that can dramatically adapt or establish new BMs based on customer and 
supply chain data may have the most potential opportunities. 
 
Against this backdrop, this dissertation is motivated by a desire to better understand these 
interrelated issues. It aims to comprehend IoT's expanding influence on BMs and BMIs 
shift in focus from designing, selling, and owning tangible items to inventing unique BMs 
that focus more on intangible service focussed ones (Westerlund et al. 2014). In the early 
stage of IoT development, it is important for companies to tackle these issues immediately 
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to reduce the risk of failure (Chen et al., 2014).  Integrating BM, BMI and IoT research 
can provide rich explanations and insight of how companies can undertake BMI of their 
existing BMs or develop entirely new ones based on the capabilities IoT affords them. 
With these foundations, this dissertation contributes to the rapidly developing fields of 
research on IoT BMs and BMI. 

1.1 Current state of research and research gaps 

Despite the urgency and importance of an integrated approach to IoT-related BM and 
BMI thinking from both a practical and theoretical standpoint, research in these areas, 
particularly from a business design and technology capabilities perspective (Saebi, Lien 
and Foss, 2017), remains limited and ambiguous, impeding academic development and 
practitioners' ability to identify, create, and capture new sources of value through IoT-
driven BMs and BMI, in meaningful ways (Rönnberg Sjödin, Parida and Kohtamäki, 
2016; Sjödin et al., 2020; Linde et al., 2021). Previous literature, for example, has focused 
on the technological and overall business potential of IoT from the perspective of a single 
company or technology (Leminen et al., 2012; Westerlund et al., 2014), but remains 
sparse on how companies understand and leverage IoT, develop associated technological 
capabilities, and perform BMI or develop new BMs that identify, create, and capture new 
sources of value 
Rönnberg Sjödin et al., 2016; Sjödin et al., 2020). This vacuity is despite, academia 
indicating that an overarching understanding of BMs and BMI based on IoT is needed, 
particularly from a multi-dimensional and service perspective (Leminen et al., 2018). 
Additionally, existing literature has highlighted the importance of companies 
understanding and reacting appropriately to the rapid changes brought on by technologies 
like IoT, as they increase the complexity of managing information systems and 
technologies, as well as the managerial and operational processes where they are being 
used  (Benamati and Lederer, 2000; Borgia, 2014; Martens et al., 2021). As a result, it is 
becoming critical to develop a knowledge of emerging trends and open research gaps in 
the fields and intersections of IoT, BM and BMI, and the business design changes and 
capabilities that are needed to implement them (Figure 1.), to guide future research.  
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Figure 1: The positioning of the study. 

In this dissertation I address these open research gaps, primarily from a practical 
(company) inference perspective, supported by academic theory. A synopsis of each of 
these research gaps is provided in the following paragraphs: 
 
Research gap 1: Comprehensive typology of the primary business design and 
integration issues with IoT. 
 
Increasingly, IoT is driving companies away from proprietary and non-interoperable ICT 
solutions and towards more open, interoperable business systems. This calls for the 
development of a standardised IoT reference architecture typology. In recent years, 
several industry groups and academics have attempted to develop a standardised 
architecture that facilitates interoperability, simplifies application development, and 
enables deployment of IoT technologies (Zammuto et al., 2007; Atzori, Iera and 
Morabito, 2010; Borgia, 2014; Strong et al., 2014; Gaitan, Gaitan and Ungurean, 2015; 
Lee and Lee, 2015; Torkaman and Seyyedi, 2016; Tesch, Brillinger and Bilgeri, 2017; 
Autio et al., 2018; Lu, Papagiannidis and Alamanos, 2018; Sony and Naik, 2020; Liu et 
al., 2022). The disadvantage of these architectures is that they tend to focus on 
applications, technology, or specific types of communication media, or they are 
proprietary models based on fragmented software implementations for specific use cases 
or systems from an "internet-oriented" or "things-oriented" perspective. As such, there is 
a lack of a comprehensive or standardised typology to describe and respond to the 
business design challenges that companies face when integrating IoT into their business 
and operational activities (Atzori, Iera and Morabito, 2010; Lu, Papagiannidis and 
Alamanos, 2018; Nicolescu et al., 2018). Consequently, practitioners and academics 
cannot examine and shed light on key issues that must be taken into consideration when 



1.1 Current state of research and research gaps 

 

19

companies integrate IoT into their business and operating systems  (Karl, 1995; Dahmus, 
Gonzalez-Zugasti and Otto, 2001; Persson and Åhlström, 2006; Geum et al., 2011). 
 
Furthermore, without a comprehensive and consistent interconnected IoT typology 
recognised across multiple economic sectors, it will be difficult for IoT to drive business 
design responses for advanced applications, and ultimately identify, create, and capture 
value through appropriate BMs and BMI for all stakeholders (Frank et al., 2019). 
Likewise, by understanding the key business design issues associated with IoT, 
companies and their partners can take steps to adapt their systems to match current and 
future circumstances. They can also visualise how the IoT service supply chain impacts 
their existing BM(s) and make necessary changes regarding both maximising and 
capturing the value it creates and putting measures in place to mitigate the risks associated 
with it. 
 
Research gap 2: The synergies between IoT affordances and capabilities, and their 
implications for BM and BMI. 
 
Digital technologies, including IoT, play a key role in instigating new BMs and BMI due 
to their ability to develop a variety of ways for companies to identify, create, and capture 
value through its unique The  of IoT 
enable companies to collect enormous amounts of valuable data that they can use for 
various purposes and as raw materials with which to train their machine-learning 
algorithms for adapting their existing BMs through BMI or developing new incremental 
or radical BMs. There has not been as much effort put into describing and analysing the 
IoT affordances and their links to certain kinds of BMs and BMIs, despite their 
importance for IoT BMs and BMIs. Specifically, there is a crucial gap in practical and 
theoretical understanding and explanation of how to make use of a technology's features 
(here, the benefits of IoT), to identify, create and capture value via BMs and BMI (Atzori, 
Iera and Morabito, 2010, 2017; Teece, 2010; Leminen et al., 2012, 2020; Gubbi et al., 
2013; Borgia, 2014; Lu, Papagiannidis and Alamanos, 2018; Osako et al., 2019; Frank, 
Dalenogare and Ayala, 2019; Sony and Naik, 2020; Jovanovic, Sjödin and Parida, 2021; 
Martens et al., 2021). 
 
This dissertation also discusses IoT 'technology affordances' in conjunction with 
'technological capabilities.' IoT necessitates the enhancement or development of new 
capabilities in areas such as connectivity, data management and storage, monitoring, data 
analytics, control, operations management, maintenance, communication, applications, 
and security (Hasselblatt et al., 2018; Karttunen, Pynnönen, Treves and Hallikas, 2021).  
However, the extent to which digital capabilities have influenced IoT BM and BMI 
development - specifically, those required to develop IoT BMs - remains an open question 
(Nasiri et al., 2020), and qualitative studies could help guide researchers in developing a 
better understanding of the effects of these influences (Hasselblatt et al., 2018; Kohtamäki 
et al., 2020). IoT literature has begun to discuss capabilities in terms of digital 
technologies and identifies some digital capabilities: digitisation, service creation or 
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maintenance (Ingemarsdotter, Jamsin and Balkenende, 2020; Kohtamäki et al., 2020; 
Nittala et al., 2021) but fails to place them in terms of IoT (Warner and Wäger, 2019). 
IoT BM applications have also been outlined, but the most typical functionality and BM 
combinations have not been integrated.  
 
Due to this lack of integration (Nasiri et al., 2020), studies on the subject remains 
ambiguous, and deeper research could provide a better understanding (Hasselblatt et al., 
2018; Kohtamäki et al., 2020). Consequently, there is an important gap in practice and 
academic research, which restricts the development of the capabilities and technologies 
needed to deal with the inherent complexities associated with IoT BM and BMI. This lack 
of practical and academic knowledge of what capabilities are likely to be required in 
different operational contexts when developing IoT BMs is of particular concern. This 
knowledge is crucial for enabling companies to better apply IoT to their business and 
operational activities (Teece, 2018). In addition, to the ability to identify, create, and 
capture value using IoT. It could also be used to determine what capabilities companies 
already have or need to develop internally, and those that can be sourced through external 
partners (Karttunen, Pynnönen, Treves and Hallikas, 2021). Enabling them to become 
DLs. 
 
Research gap 3: The types of BM and BMI that are emerging out of the application IoT, and 
how they differ from existing incarnations. 
 
Despite the technological promise of IoT, it is not in itself enough to realise the business 
benefits it can afford companies and other users (Bucherer and Uckelmann, 2011; 
Kamalaldin et al., 2021). Realising value from IoT requires renewal or development of 
new radical service-oriented BMs and BMI (Foss & Saebi, 2017) derived from huge 
amounts data it collects (Teece, 2010a; Foss and Saebi, 2017). IoT BMs, in particular, 
facilitate the sale of integrated bundles of tangible and intangible products, intangible 
services, and digital architectures to meet individual consumer needs digitally (Atzori, 
Iera and Morabito, 2010, 2017; Lu, Papagiannidis and Alamanos, 2018). Consequently, 
certain types of service (or 'servitization'/'digital servitization') BMs have been developed 
that take advantage of the technology's capture, storage, and transmission capabilities 
(Gebauer et al., 2021; Jovanovic, Sjödin and Parida, 2021; Martens et al., 2021) to create 
digital products and services to supplement or replace their traditional product lines. 
Furthermore, IoT-connected products enable manufacturers and service providers to 
monetise data collected during the process, and augment existing offerings through new 
service level agreements focused on identifying, capturing, and leveraging value from 
these products by leveraging IoT's pervasive nature (Atzori, Iera and Morabito, 2010, 
2017; Martens et al., 2021). In this context, IoT BMs are primarily concerned with selling 
integrated systems tangible products and intangible services  (PSS) that digitally meet 
individual customer demands (Teece, 2010).  
 
Whilst existing IoT research emphasises the importance of BMs and BMI in its successful 
development and implementation (Mont, Dalhammar and Jacobsson, 2006), there is 
limited research on how companies can use IoT to develop new BMs or conduct BMI that 
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identifies, creates, and captures new sources of value (Rönnberg Sjödin, Parida and 
Kohtamäki, 2016; Sjödin et al., 2020; Linde et al., 2021). Previous academic papers, for 
example, have focused on IoT's technological and overall business potential from the 
perspective of a single company (Leminen et al., 2012; Westerlund et al., 2014). 
However, academics have pointed out that an overarching understanding of emerging 
BMs and BMI based on IoT is needed, particularly from a multi-dimensional (business 
and application) and service perspective (Leminen et al., 2018). 

1.2 Key concepts 

This section clarifies and defines the central constructs of the dissertation and its 
publications, and serves as a glossary for the reader: 
 
A "BM" outlines the reasoning that companies use to construct the architecture and 
processes that they use to find, create, and capture value in repeatable ways for 
themselves, their partners, and their customers through their activities and offerings 
(Fjeldstad & Snow, 2018; Teece, 2010; Johnson & Christensen, 2008; p. 26). It also refers 
to a collection of distinct operations that require the linking and interacting of human, 
physical, and capital resources in order to achieve a given goal/function (Zott and Amit, 
2010). 
 
"BMI" refers to the conscious modification of an existing BM or the creation of a new 
BM that better meets the needs of the customer than existing BMs. BMI is typically 
measured in two ways: (1) creating an entirely new BM; or (2) adding, changing or 
removing BM components to improve competitiveness (Massa and Tucci, 2014). 
 

in the context of this dissertation describes the interactions between 
actors, whether human or machine, within a company and across its business 
ecosystems/networks resulting from information and network systems implementation to 
access, exchange and interact with data (Collins Dictionary, 2022; Meriam Webster, 
2022). Connectivity allows data to be collected from connected gateways, devices, or 
other access points and combined with data collected elsewhere (Karttunen, Pynnönen, 
Treves, Hallikas, et al., 2021). 
 

 refers to the practice of taking data collected by a computing device on a 

(Leonardi and Treem, 2020). 
 

refers to the transformation of analogue inputs into digital forms (data) 
i.e., converting a physical document into a digital file (Flyverbom, Deibert and Matten, 
2019).  
 

refers to how social and business life is organised through and around 
digital technologies. Whereas digital transformation refers to the broad organisational 
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changes (including changes in BMs) that result from the adoption of these technologies 
(Verhoef et al., 2021). Digitalisation refers to the use of digital technologies to innovate 
a BM and provide new revenue streams and opportunities for value identification, 
creation, and capture (Kohtamäki and Baines, 2019). 

is considered at the organisational (company) level in this 
dissertation. From this perspective, a DL is an organisation that successfully uses its own 
digital assets to acquire and keep a competitive edge. DL  are eager to learn how ICT 
may assist a company become more responsive to changing customer wants and business 
requirements (Ritter, 2015; Sawy et al., 2016; Shine, 2022). 

are broadly characterised as combinations of "information, 
computing, communication, and connectivity technologies" (Bharadwaj et al., 2012, p. 
471) or "SMACIT" (social, mobile, analytics, cloud, IoT) technologies  (Sebastian et al.,
2017) that enable different forms of capabilities, and transform business and social
strategies.

has been widely used to describe the adoption of digital 
technologies, and the replacement of non-digital processes with digital ones. Resulting in 
organisational-wide changes and the emergence of new BMs (Verhoef et al., 2021; 
Radziwon et al., 2022), or the modification of existing ones through BMI 
Lopez- et al., 2022). In contrast to ICT-enabled 
organisational transformation, DT crosses organisational borders because it (re)defines a 

corporate identities (Nadkarni and Prügl, 2020; Wessel et al. et al., 
2022). Further, DT is associated with sociotechnical and socioeconomic change shaped 
by the adoption and exploitation of digital technologies across individuals, companies, 
ecosystems, and society et al., 2022).   

 refers to networks of physical objects, or "things," embedded with sensors, 
software, and other technologies that connect to and exchange data with other devices 
and systems via the Internet (Oracle, 2022). 

refers to a marketable set of tangible products and intangible services that focus 
on selling functionality rather than ownership (Goedkoop et al., 1999; Mont, 2002; 
Tukker, 2004). 

"Technology affordances" are characterised by the goal-oriented behaviour and concrete 
action potential that can be taken, and unintended effects that may result from a 
technology's features and use (Zammuto et al., 2007; Markus and Silver, 2008; Majchrzak 
et al., 2013; Strong et al., 2014; Nambisan et al., 2017; Autio et al., 2018; Belitski, 
Korosteleva and Piscitello, 2021; Liu et al., 2022). In these scenarios, the focus is on how 
customers interact with digital tools and infrastructures, their intended purpose for using 
the technology, and their creative and adaptive interactions within the environment in 
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which it is applied. The focus here is on how inherent properties of digital tools and 
infrastructures can accommodate actors' needs and capabilities, rather than on what 
features they have. 

 refer to a company's ability to design and create novel 
products, processes, and upgrade knowledge about a physical environment in an 
innovative manner, as well as convert that knowledge into instructions and designs for 
fast and efficient results (Wang, Lu and Chen, 2008). Improved performance can be 
achieved by identifying, acquiring, and applying relevant knowledge to improve 
capabilities both internally and externally. 

1.3 Research objective and questions  A response to the research 
gaps 

As a result of the research gaps described in Section 1.1, the objective of this dissertation 
is to provide a critical analysis and explication of the current landscape of IoT BM and 
BMI, and the influence of IoT affordances and capabilities on their evolution. This 
research will assess their suitability and make recommendations as to applicable and 
progressive BMs and BMI in these chosen fields of research, and the digital economy 
more broadly. As has been discussed, despite all its benefits, explicit BM and BMI debate 
does not appear to be a common approach practiced in IoT. This is a critical research gap 
because companies have more processes and a much stronger shared understanding of 
how to innovate technology than they do of how to innovate BMs. This gap is also due to 
a lack of managerial frameworks and methods to support BMs and BMI development. 
Given this research gap, the main research question guiding this dissertation is: 

How is IoT influencing the adaption and development of new BMs and BMI? 

To structure the research and to facilitate the analysis of the various aspects that are 
relevant to the main research question, three sub-questions are articulated. The first one 
concerns the core business design and integration issues with IoT (research gap 1). Hence 
the first sub-question is: 

Sub-question 1: What are the business design and integration issues companies must 

This sub-question is addressed through a systematic literature review (Publication I), 
which provides as a starting point for this dissertation. This systematic literature review 
sheds light on the key issues that need to be factored in when companies adopt and 

architecture that allows for a clear visualisation of how IoT impacts upon existing BM 
(re-)design and BMI. 
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The second sub-question examines the implications and influence of IoT capabilities on 
BM redesign and the emergence of new BMs (research gap 2), and is as follows: 
 
Sub-question 2: How are IoT capabilities influencing BM redesign and the emergence 
of new BM categories? 
 
To answer this sub-question, Publications II explores the (IoT) technology capabilities 
necessary to implement BMs via IoT, and their affordances. The publication investigates 
empirical testbeds across a range of industries to identify the most common requirements 
for implementing IoT-PSS BMs. 
 
Additionally, publication III investigates the effect of DL, and digital data analytics and 
information sharing capabilities on the business, innovativeness, and sustainability 
performance of companies. To understand these effects, data was collected via an online 
survey of Finnish companies, and the findings were statistically evaluated and interpreted 
to determine whether there is an effect (or non-effect) between the tested hypotheses. 
 
The final sub-question is broken into two parts and seeks to contextualise the previous 
sub-questions by describing and contextualising the types of BM and BMI that are 
emerging because of IoT. The final sub-question is: 
 
Sub-question 3: What type of BMs and BMI are emerging because of IoT use? and, 
how are they being applied in practice? 
 
In Publications IV and V IoT BM implementation and BMI is examined in different 
economic sector activities (entrepreneurship and the circular economy in international 
business). The effect of these publications is to conceptualise and contextualise the use 

business and customer contexts. 
 
Table 1 provides an overview of the main- and sub-research questions that guide this 
dissertation, and the publications which address each sub-research question. 
 
Table 1: Overview of Publications and the research question(s) they address 
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Service Supply Chain: 
A Review and 
Typology 

 II. Capabilities for the Internet of Things-enabled Product-
Service System Business Models 

 III. Exploring the Effects 
of Leadership and 
Digital Capabilities on 
Innovativeness, 
Sustainability and 
Business Performance. 

  IV. Business Model 
Innovation in the 
Digital Age: The 
Internet of Things 

  V. Artificial intelligence 
of things as an 
accelerator of circular 
economy in 
international business 

1.4 Structure of the Dissertation 

The dissertation is presented in two parts. The first section provides a summary of the 
research, and it is presented as follows. Chapter one introduces the background and the 
purpose of the research and identifies the research gaps. The chapter concludes with the 
key terms that are used in both the dissertation and supporting publications, and a 
description of the dissertation structure. Chapter two describes the current state of 
knowledge in the key areas of this dissertation (IoT, BMI and BM). Chapter three 
describes the research design, including the ontological and epistemological foundations 
of this dissertation. Chapter four summarises the findings of research that informs this 
dissertation. Chapter five summarises the dissertation's results and conclusions according 
to the research questions, and its theoretical contributions, practical implications, 
limitations, and areas for future research. Part two of the dissertation contains the results 
in the form of five publications, each of which addresses a sub-research question of the 
study. 
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2 Conceptual and Theoretical Background 

2.1 IoT  A definition 

proposed in a presentation at Proctor & Gamble placing radio-frequency identification 
(RFID) chips on products to track them through a supply chain, to explore ways to 
improve business performance (Gubbi et al., 2013; Borgia, 2014). In his presentation title, 
he used the word internet" specifically to grab the audience's attention as the concept was 
just becoming popular at the time. Regardless of the differences between his RFID-based 
device connectivity vision and IP-based IoT, Ashton's innovation was critical to the 
history and development of IoT, which is now regarded as a key component of the current 
fourth industrial revolution.  

The term "IoT" began to gain widespread media attention at the beginning of the twenty-
first century, with outlets such as The Guardian, Forbes, and the Boston Globe mentioning 
it (Khvoynitskaya, 2019). However, the term was not officially coined until 2005, when 
the International Telecommunication Union (ITU) published its first report on the subject. 
According to the ITU, IoT represents a new realm of pervasive connectivity. In this 
scenario, connections multiply, resulting in the formation of an entirely new network of 
dynamic networks (Borgia, 2014). Since then interest in the IoT has steadily grown as 
have attempts to provide a conclusive definition of what it is (Table 2) reflecting 
discussions stemming from its etymology (Sestino et al., 2020). 

Table 2: IoT academic definitions 

Definition Reference 
IoT is a novel paradigm that is rapidly gaining ground in the scenario of modern wireless 

telecommunications. The basic idea of this concept is the pervasive presence around us of 
a variety of things or objects  such as Radio-Frequency IDentification (RFID) tags, 
sensors, actuators, mobile phones, etc.  which, through unique addressing schemes, can 
interact with each other and cooperate with their neighbours to reach common goals.  

(Atzori, Iera and 
Morabito, 2010) 

An umbrella keyword for covering various aspects related to the extension of the Internet 
and the Web into the physical realm, by means of the widespread deployment of spatially 
distributed devices with embedded identification, sensing and/or actuation capabilities.  

(Miorandi et al., 2012) 

Interconnection of sensing and actuating devices that provide the ability to share 
information across platforms through a unified framework, thereby developing a common 
operating picture for enabling innovative applications.  

(Gubbi et al., 2013) 

The Internet of Things (IoT) is a new paradigm that combines aspects and technologies 
coming from different approaches. Ubiquitous computing, pervasive computing, Internet 
Protocol, sensing technologies, communication technologies, and embedded devices are 
merged to form a system where the real and digital worlds meet and are continuously in 
symbiotic interaction. The smart object is the building block of the IoT vision. By putting 
intelligence into everyday objects, they are turned into smart objects able not only to 
collect information from the environment and interact/control the physical world, but also 
to be interconnected, to each other, through Internet to exchange data and information.  

(Borgia, 2014) 

IoT allows people and things to be connected Anytime, Anyplace, with Anything and 
Anyone, ideally using Any path/network and Any service.  

(Perera and Liu, 2015) 
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An open and comprehensive network of intelligent objects that have the capacity to auto-
organise; share information, data, and resources, as well as act and react in the face of 
situations and changes in the environment.  

(Madakam, 
Ramaswamy and 
Tripathi, 2015) 

The Internet of Things (IoT), also called the Internet of Everything or the Industrial 
Internet, is a new technology paradigm envisioned as a global network of machines and 
devices capable of interacting with each other. The IoT is recognised as one of the most 
important areas of future technology and is gaining vast attention from a wide range of 
industries.  

(Lee and Lee, 2015) 

The term IoT is being used to describe the connectivity of things as a system of uniquely 
identifiable and connected constituents (termed as Internet-connected constituents) 
capable of virtual representation and virtual accessibility leading to an Internet-like 
structure for remote locating, sensing, and/or operating the constituents with real-time 
data/information flows between them.  

(Ng and Wakenshaw, 
2017) 

 
As shown by the definitions in Table 2, there are significant differences in IoT visions, 
which stem from the fact that academics and practitioners frequently approach the issue 
from either a "internet orientated" or a "things orientated" perspective, depending on their 
specific interests, goals, and backgrounds (Atzori, Iera and Morabito, 2010). Ultimately, 
IoT can be viewed as a revolutionary and potentially disruptive paradigm of computing 
and network connectivity where objects, spaces, and humans can interconnect at any point 
and location and generate large-scale, linked data in real-time that can be used to enhance 
value identification, creation, and capture (Madakam, Ramaswamy and Tripathi, 2015; 
Whitmore, Agarwal and Xu, 2015; Leminen and Wendelin, 2018; Zheng, Wang and 
Chen, 2019; Asadi et al., 2021). 
 
Whilst IoT has numerous benefits for companies, their stakeholders, and consumers it is 
not without its challenges. Academia and practitioners have highlighted challenges 
when it comes to integrating IoT into social and business systems. These challenges in-
clude issues with sufficient connectivity capabilities; security and privacy; lack of 
strong regulations and standards; its compatibility with existing systems; a lack of intel-
ligent data collection and analysis capabilities; and insufficient skill sets within current 
employees
al., 2014).

2.1.1 (IoT) Technology affordances 

Digital affordances - defined as IoT technology affordances in this dissertation  build on 
 definitions (Zammuto et al., 2007; Majchrzak et al., 

2013), where they are characterised as goal-oriented behaviours and concrete actions that 
can be taken, as well as unintended consequences that can occur due to the features and 
use of a technology (Zammuto et al., 2007; Majchrzak et al., 2013). The emphasis in 
these scenarios is on the interaction between a user (customer) and a technology, 
including 
adaptive interaction within the environment in which it is used. As a result, the emphasis 
in these scenarios is on how a users' goals and capabilities can be related to an inherent 
potential offered by those features, rather than on the distinct technical features of digital 
tools and infrastructures (Zammuto et al., 2007; Markus and Silver, 2008; Majchrzak et 
al., 2013; Strong et al., 2014; Nambisan et al., 2017; Autio et al., 2018; Belitski, 
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Korosteleva and Piscitello, 2021; Liu et al., 2022). Consequently, affordances emerge 
from the interaction of a technology's attributes and an actor or groups of actors (Markus 
and Silver, 2008),  and take into account the reciprocity between the action taken in a 
specific context and the capabilities of the technology (Majchrzak et al., 2013).  
 
IoT technology affordances drive new BMs and BMI by allowing companies and 
customers to connect and collect massive amounts of valuable data on an object(s) that 
they can harness for various purposes and use as a raw material for machine learning 
algorithms to develop new BMs or implement incremental or radical BMI. In the context 
of this dissertation  and the wider research on the subject - IoT affordances are described 
as idiosyncratic affordances brought on by IoT (digital) (Lanzolla et al., 2020) 
technologies which enable activities, including real-time data/information flows between 
connected constituents (smart objects and humans) with sensing, analysing, controlling, 
and maintaining capabilities (Ng and Wakenshaw, 2017; Langley et al., 2021). As a 
result, companies and other users (customers, governments, and organisations) can use 
the collected data to create new BMs and perform BMI that leverage IoT affordances to 
identify, create, and capture new sources of value in a variety of ways (Osako et al., 2019; 
Leminen et al., 2020). 
  
This dissertation identifies seven key IoT affordances from existing literature (Atzori, 
Iera and Morabito, 2010; Borgia, 2014; Gaitan, Gaitan and Ungurean, 2015; Lee and Lee, 
2015; Torkaman and Seyyedi, 2016; Atzori, Iera and Morabito, 2017; Tesch, Brillinger 
and Bilgeri, 2017) as follows: 
 
1. Sensors that allow continuous connectivity, identification, and recognition of objects, 

as well as communication between them at anytime and anywhere. 
2. The collection and processing (mining) of data on an object's status and operation. 
3. Convenient access and visualisation of the mined data, which can be used to enhance 

operational performance through creating consumer engagement maps and 
identifying new insights. 

4. Aggregation of data management, data mining, and data exchange, which can be used 
to improve the quality and effectiveness of non-human decision-making processes. 

5. Computing power facilitated by the cloud, which can improve performance via 
innovation speed and operational efficiency. 

6. Algorithms that offer intelligent operational oversights, recommendations and 
proposals, comparisons, and benchmarking for reports and dashboards. Through 
sophisticated algorithms, non-human decision-making processes can be made more 
reliable and risk-free by removing the possibility of human error. 

7. Companies can use IoT technologies to create feedback loops that enable them to 
monitor and act upon customer feedback on their IoT-based BMs and connected 
products and services to develop new (tailored) offerings and enhance customer 
satisfaction and loyalty. In addition, these feedback loops can be used to generate 
original approaches to identifying, creating, and capturing value (Atzori, Iera and 



2 Conceptual and Theoretical Background 30

Morabito, 2010; Borgia, 2014; Gaitan, Gaitan and Ungurean, 2015; Lee and Lee, 
2015; Torkaman and Seyyedi, 2016; Atzori, Iera and Morabito, 2017; Tesch, 
Brillinger and Bilgeri, 2017). 

These affordances are typically divided into various "layers" of abstraction based on the 
overarching idea that data is generated by several types of devices, processed in numerous 
ways, transmitted to various locations, and delivered as a service via an interface or 
application. Using a service-oriented perspective that reflects the transition from product 
to service-oriented economies, this dissertation describes IoT at four levels of abstraction: 
(i) a device outfitted with sensors that collect specific data types. This can include
biometric, biological, environmental, visual, or audible data (or all or a combination of
all of these). (ii) Networks that manage data movement into and out of devices, as well as
data movement into and through other networks, by packaging data with correct network
address information, choosing appropriate network routes, and forwarding the packaged
data to middleware. (iii) Middleware, which includes big data, cloud-based services, and
advanced prediction capabilities that rely on algorithms to provide useful information to
end users. This element is frequently intended to function as a bridge between device and
service elements. (vi) Services made available via an end-user (customer) interface or
application (Atzori, Iera and Morabito, 2010; Xu et al., 2014; Georgakopoulos, Prakash
and Zhang, 2015; Torkaman and Seyyedi, 2016).

2.1.2 (IoT) Technology capabilities 

Technology affordances are closely related to the concept of 'technological capability,' 
which is defined as a company's ability to design, develop, and upgrade knowledge and 
skills about the physical environment in novel ways, and then transform that knowledge 
into instructions and designs for efficient creation of desired results (Wang, Lu and Chen, 
2008; Wang, Senaratne and Rafiq, 2015). Technological capability includes not only the 
ability to master the application and use of technologies, but also the ability to expand 
and deploy a company's core capabilities, as well as effectively combine and mobilise 
various types of technological resources across its internal and external networks 
(Zawislak et al., 2013). Furthermore, technological capability refers to a set of practical 
and theoretical knowledge, procedures, experiences, methods, and physical equipment 
and devices (Ahmad, Othman and Mad Lazim, 2014). Technological capability 
represents a company's superior and diverse technical resources in design technologies, 
product technologies, information and process technologies, sourcing, and integration of 
external knowledge (Bergek et al., 2008). Significant improvements in company 
performance can be attributed to these technological capabilities. 

Companies can also use technology to identify, acquire, and apply new external 
information to develop operational capabilities that result in higher performance. The 
development and performance of a company's new products and services can be improved 
by leveraging effective technology capabilities to produce and deliver new products and 
services in more efficient and effective ways that best match the needs of customers 
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(Wang, Lu and Chen, 2008; Wang, Senaratne and Rafiq, 2015). Effective development 
of technology capabilities entails being open to new technology applications, 
accumulating valuable knowledge on a continuous basis, effectively deploying available 
technologies, and combining appropriate operational capabilities that strengthen the 
company's technology capabilities (Bergek et al., 2008; Ahmad, Othman and Mad Lazim, 
2014). In addition to developing and delivering valuable products or services to 
customers, and maintaining effective relationships that positively impact performance 
(Zawislak et al., 2013; Ahmad, Othman and Mad Lazim, 2014; Reichert and Zawislak, 
2014). Capabilities are complex combinations of skills and knowledge inherent inside a 

 organisational structures that allow it to outperform competitors and achieve 
its goals by effectively transforming resources into valued outputs (products, services, 
processes, and systems) (Tho, 2018; Saunila, 2020). The technological skills of a 
company determine its capacity to develop new BMs and perform BMI. As a result, the 
development, refinement, implementation, and transformation of BMs and BMI are 
outputs of capabilities that enable companies to integrate, grow, and reconfigure their 
internal competencies to respond to, or in some cases create, changes in business 
environments (Teece, 2007, 2018). Companies are also reforming their BMs and 
implementing BMI to combine technological breakthroughs and know-how with tangible 
and intangible assets in order to produce and capture new sources of value (Teece, 2018; 
Nasiri et al., 2020). 
 
IoT, as a new and rapidly evolving technology paradigm, builds on existing technologies 
(RFID and wireless sensors), standards, and protocols to support advancements in 
identifying, sensing, networking, and processing capabilities that enable objects/devices 
to communicate with one another, and with other devices and services over the internet 
to achieve some useful goal. (Xu et al., 2014; Lee and Lee, 2015; Whitmore, Agarwal 
and Xu, 2015). When this becomes a reality, "things" will have more sophisticated 
autonomous processing and networking capabilities, allowing these intelligent objects to 
understand their surroundings, and connect and interact with humans and other IoT-
enabled technologies (Atzori, Iera and Morabito, 2010; Xu et al., 2014). An analysis of 
technology capabilities descriptions in previous literature on IoT and BMs, identifies the 
need for six main types of capability requirements for IoT BM and BMI implementation. 
These being (i) integrative capabilities, (ii) operational capabilities, (iii) analytical 
capabilities; (iv) process integration capabilities, (v) service-related data processing and 
interpretation capabilities, and (vi) ICT capabilities (Sarac, Absi and Dauzre-Prs, 2010; 
Windahl and Lakemond, 2010; Qiu et al., 2015; Li, Tryfonas and Li, 2016; Han, Wang 
and Naim, 2017; Helfat and Raubitschek, 2018; Ingemarsdotter, Jamsin and Balkenende, 
2020; Fatorachian and Kazemi, 2021) 
 
However, IoT affordances and capabilities are not enough on their own for companies 
and their stakeholders to identify, create, and capture value. It is also critical for them to 
adapt the individual elements of their existing BMs through BMI or develop entirely new 
BMs (Teece, 2010; Foss and Saebi, 2017). These adaptions and developments require 
companies to take into account IoT affordances and capabilities, so to allow them to 
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identify, create and capture value from new data driven services on top of or in place of 
their existing activities (Subramaniam, 2020).  

2.2 Business model  Conceptualisations and Definitions 

The BM concept originates from management practice (Zott, Amit and Massa, 2011; Foss 
and Saebi, 2017) and has been extensively researched and described since its initial use 
by Bellman et al in 1957 (c.f. Chesbrough & Rosenbloom, 2002; Magretta, 2002; 
Osterwalder & Pigneur, 2010; Storbacka et al., 2016; Zott et al., 2011; Zott & Amit, 
2007)  interest in BMs has increased 
exponentially (DaSilva and Trkman, 2014; Kranich and Wald, 2018). Up to the latter part 
of the 2010s, the focus of this research was on e-commerce but since then there has been 
a shift in research towards a more general discourse on business management (DaSilva 
and Trkman, 2014). As a result, discussions about BM have been approached from a 
strategic standpoint, with an emphasis on consumer-specific measures of benefit to 
companies (Teece, 2010). Further, many researchers have worked to categorise BM 
change to determine when it becomes an innovation or an adaptation (Wirtz et al., 2016; 
Foss and Saebi, 2017; Nielsen et al., 2019).  

However, despite being in common use for nearly 30 years and being of increasing 
importance to business success, academia and practice still struggle to develop a 
universally accepted definition of what a BM is resulting in many different approaches to 
its meaning (Table 3) (Foss and Saebi, 2016; Massa, Tucci and Afuah, 2017; 
Schneckenberg, Matzler and Spieth, 2021). For example, BMs have been defined as (1) 
models or cognitive illustrative configurations of classes of companies according to how 
they operate; (2) recipes, ideal types, or models which companies should replicate to 
succeed; or (3) ontological frameworks for connectivity between heterogeneous groups 
(Li, 2020).  

Table 3: Overview of BM definitions. 

Author(s) Definition 

(Amit & Zott, 2001) 
(Zott, Amit and Massa, 
2011) 

The business model depicts the content, structure, and governance of transactions 
designed to create value through the exploitation of business opportunities  (2001: 511). 
Since transactions connect activities, the authors further evolved this definition to 

a system of interdependent activities that 
transcends the focal firm and spans its boundaries  (2010: 216).  

(Margaretta, 2002) Business models are stories that explain how enterprises work. A good business model 
-old questions: Who is the customer? And what does the 

customer value? It also answers the fundamental questions every manager must ask: How 
do we make money in this business? What is the underlying economic logic that explains 
how we can deliver value to customers at an appropriate cost?  (p. 4).  

(Johnson, Christensen, 
& Kagermann, 2008) (p. 52). These are customer value proposition, profit formula, key 

resources, and key processes.  
(Casadesus-Masanell 
and Ricart, 2010) 

reflection realised 
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(Teece, 2010a) business model articulates the logic, the data and other evidence that support a value 
proposition for the customer, and a viable structure of revenues and costs for the 
enterprise delivering that value (p. 179).  

(Osterwalder and 
Pigneur, 2010) 

A business model describes the rationale of how an organisation creates, delivers, and 
captures value. It can be described through nine building blocks: Customer Segments, 
Value Propositions, Channels, Customer Relationships, Revenue Streams, Key 
Resources, Key Activities, Key Partnerships & Cost Structure.  

(Wirtz et al., 2016)  A business model as a simplified and aggregated representation of the relevant activities 
of a company. It describes how marketable information, products, and/or services are 
generated by means of a company's value-added component. In addition to the 
architecture of value creation, strategic as well as customer and market components are 
taken into consideration to achieve the superordinate goal of generating, or rather, 
securing, the competitive advantage. To fulfil this latter purpose, a current business 
model should always be critically regarded from a dynamic perspective, thus within the 
consciousness that there may be the need for business model evolution or business model 
innovation due to internal or external changes over time (p. 4).  

 
There are two main conceptualisations of BMs that emerge from the existing literature: 
(1) as an activity system (Casadesus-Masanell and Ricart, 2010; Zott, Amit and Massa, 
2011), and (2) and as components and subcomponents (Kranich and Wald, 2018). 
However, despite these differences in approach, most BM conceptualisations recognise 
the importance of a company's ability to identify a customer need(s) and develop an 
appropriate value proposition that addresses this need, typically through the provision of 
a product, service, or both. It also describes the mechanisms for identifying creating and 
capturing value through the BM for all parties involved (the company, its partners, and 
the customer(s) (Margaretta, 2002; Teece, 2010; Kranich and Wald, 2018; Clauss, 
Harengel and Hock, 2019). Given the importance of these mechanisms, the value identi-
fication, creation, and capture concepts are described in more depth below.
 
Value identification, proposition, and delivery  describes the value that a company 
promises to deliver to their target customers if they purchase their product(s) or service(s). 
It also describes products and services aimed at specific customer segments, who in turn 
receive this value proposition. This includes the channel through which the company 
communicates and delivers its value proposition to current and prospective customers. A 
company must have several core competencies to execute critical activities and carry out 
specific activities to develop the value proposition and run the entire BM, according to 
the value configuration (Osterwalder, Pigneur and Tucci, 2005; Kiel, Arnold and Voigt, 
2017). 
 
Value creation - refers to the activities that enable companies and their customers to 
gradually realise greater value through the BM (Chesbrough, Lettl and Ritter, 2018; Dyer, 
Singh and Hesterly, 2018; Sjödin et al., 2020). Thus, the creation of value is frequently 
described as an instrumental part of a BM because it allows the company to satisfy the 
interests of its customers (Chesbrough and Rosenbloom, 2002; Chesbrough, 2007). 
through a set of activities required to create a product or service that solves a problem and 
meets customer expectations. As a result, its goal is to address customer issues through a 
series of activities tailored to their specific needs. Furthermore, the value-creation 
function describes how competencies and resources should be allocated within the value 
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creation network in which companies collaborate to improve the value-creation function 
(Kraus et al., 2019; Sjödin et al., 2020). 
 
Value capture  refers to the process of profiting from value creation and distributing 
those profits to stakeholders, including complementors, suppliers, and customers 
(Chesbrough, Lettl and Ritter, 2018; Dyer, Singh and Hesterly, 2018; Sjödin et al., 2020). 
To ensure successful value capture, governance mechanisms must be created. The 
purpose of these is to ensure that value is created in excess of cost and that value surplus 
is distributed fairly among stakeholders (Chesbrough, Lettl and Ritter, 2018; Sjödin et 
al., 2020). In addition, value capture includes contractual and legal agreements between 
stakeholders (Sjödin et al., 2020). For example, legal agreements increase transparency 
by holding both companies and customers accountable for certain activities during a 
contracted period and ensuring a fair distribution of profits throughout the value chain. 
This is significant because it has a direct impact on each party's performance and, as a 
result, the ability to capture value. Gassmann et al. (2014) contend that governance 
mechanisms such as pricing models are important rules in the value-capture sphere 
because they communicate the relationship between cost structures and revenue 
mechanisms used. They also demonstrate how the provider intends to keep a profitable 
relationship with the customer. Sjödin et al. (2020) specifically observe that governance 
mechanisms and legal agreements (e.g., contracts) contribute significantly to a company's 
ability to capture value. 
 
A BM broadens the notion of (global) value chains by highlighting the significance of 
value identification, creation and delivery capture dynamics, spanning industry 
boundaries, and permitting non-linear sequencing of independent activities (Margaretta, 
2002). Based on these theories, this dissertation defines a BM as a repeatable method for 
identifying, creating, and capturing value for stakeholders through the provision of unique 
products and services (Fjeldstad & Snow, 2018; Teece, 2010). A BM is also a self-
contained system of autonomous activities that combine the connectivity and interaction 
of human, (tangible) physical, and (intangible) virtual resources to achieve a certain goal 
or function (Zott and Amit, 2010). This dissertation, like the established BM 
conceptualisations, also depicts value identification, creation, and capture as independent, 
albeit related, dimensions of a BM.  

2.3 Business model innovation  Definition and Conceptualisations 

BMI can be described as the art of gaining a competitive edge and creating value by 
making simultaneous (and mutually advantageous) adjustments to a company's customer 
value proposition and its underlying operating model. At the value proposition level, these 
adjustments can address the target segment, product or service offering, and revenue 
model. The emphasis at the operating model level is on how to create profitability, 
competitive advantage, and value creation via these value proposition delivery decisions 
(Deimler & Kachaner, 2022). BMI has been viewed as an essential element in future 
economic growth potential and is seen as a means of delivering lasting competitive 
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advantage in times of disruption. This viewpoint is particularly pertinent given the fact 
that the average BM lifespan has decreased from about 15 years to less than five years 
over the last 50 years. As a result, BMI has emerged as an essential skill for companies 
seeking to generate breakthrough growth, revitalise a declining core, or defend against 
industry change or decline (Teece, 2010; Foss and Saebi, 2017; Raddats et al., 2019; 
Sjödin et al., 2020).  
 
So, what is the difference between a BM and a BMI? The fundamental distinction between 
the literature on BM and BMI is that a BM explains the design or architecture of a firm's 
value identification, creation, and capture mechanisms (Teece, 2010). BMI, on the other 
hand, refers to non-trivial, unique changes to a company's BM and/or architecture that 
connect the value aspects (Foss and Saebi, 2017). The BMI process can be carried out in 
a variety of ways, including designing a whole new BM, reconfiguring existing BM 
aspects, introducing creative activities, or altering who conducts all or portion of the 
activities (Zott and Amit, 2010; Massa and Tucci, 2014). The objective of these changes 

(Massa and 
Tucci, 2014).  
 
BMI can also be thought of as a continuous process of ideation, implementation, and 
evaluation involving various levels of detail (Wirtz et al., 2016). Geissdoerfer et al. (2018) 
succinctly describes this process as involving 
business models, the diversification into additional business models, the acquisition of 
new business models, or the transformation from one business model to another. This 
transformation can affect the entire business model or individual or a combination of its 
value proposition, value creation, and value capture elements, the interrelations between 

From this perspective, BMI focuses on BM as 
an innovation subject (Zott, Amit and Massa, 2011).  
 
In comparison to other sorts of innovation, BMI stands out for its capacity to innovate 
business theory itself. In this scenario, it can be viewed as a transformational process (He 
and Ortiz, 2021) in which a company moves from one BM to an altogether new one 
(Osterwalder and Pigneur, 2010), a significantly improved one (Chesbrough, 2007), or an 
entirely distinct and integrated one (Geissdoerfer, Vladimirova and Evans, 2018). Further, 
BMI encompasses strategies to design or reconfigure a viable new BM or existing BM 
that involves changing one or more of its key elements, as well as the relationships 
between them (Kranich and Wald, 2018). This method is an iterative process of 
experimenting, piloting, debriefing, learning, and scaling (Nidumolu, Prahalad and 
Rangaswami, 2009), which typically results in a qualitatively new BM that is distinct 
from the previous one. The resulting BMI can range from a minor enhancement to an 
existing BM to a completely new way of doing business  an entirely new BM (Bucherer 
& Uckelmann, 2011). This process has led to BMI being described as a strategic 
innovation (Kranich and Wald, 2018)
different BM in an existing business (Markides, 2006, p. 20) resulting in a repositioning 
of the company, which in turn creates new markets or expands existing ones (Kranich and 
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Wald, 2018). Finally, it should be noted that this type of innovation is not new and has 
been described by Drucker (1993), as well as by Schumpeter in terms of its potential to 
disrupt industries (1934). 
 
To date, BMI research has primarily focused on internal organisational alignment, such 
as how company characteristics facilitate (e.g., experimentation, top management 
support) or hinder (e.g., resource inertia, cognitive frames) the BMI process (e.g., 
resource inertia, cognitive frames  (Margaretta, 2002; Demil and Lecocq, 2010; Baden-
Fuller and Haefliger, 2013; Kranich and Wald, 2018; Sjödin et al., 2020). The nature of 
customer interactions has become increasingly important in defining BMI processes in 
recent years, as research has begun to focus on outside perspectives coupled with internal 
perspectives (Chesbrough et al., 2018; Foss & Saebi, 2017; Sjödin et al., 2020). For 
instance, Macdonald et al. (2016, p. 97) define value as "any customer-perceived 
outcomes coming from a solution that help or hinder the attainment of the customer's 
goals" (Sjödin et al., 2020). Prior research on BMI has concentrated on the antecedents 
and preconditions rather than how BMI manifests itself in terms of its value identification, 
creation, and capture potential, and its role in enhancing value generation (Chesbrough, 
Lettl and Ritter, 2018; Dyer, Singh and Hesterly, 2018). Modifying a BM's emphasis to 
outcome-based delivery, for example, means that both the company (provider) and the 
customer are responsible for creating client-specific value. In this scenario, the customer's 
operational knowledge and the company's expertise are both essential to bringing better 
value (e.g., optimised operations) to that customer (Rabetino et al., 2015; Rönnberg 
Sjödin, Parida and Wincent, 2016). The value-in-use perspective (i.e., value created 
through consumer usage), according to Chesbrough et al. (2018) and Sjödin et al. (2020), 
is a fundamental contrast from the traditional value-in-exchange approach (i.e., at the 
point of sale). This contrast is attributed to assertion that the value-in-use perspective is 
more coordinated with client needs, companies that attach value-in-use to their services 
have the potential to have a long-term competitive edge. 
 
Existing literature has also described BMI as the art of increasing competitive advantage 
and value identification, creation, and capture by adopting concurrent (and mutually 
supporting) changes to a company's value proposition to customers as well as its 
underlying operational model (Clauss, 2017; Kranich and Wald, 2018). At the value 
proposition level, these adjustments can address the target segment, product or service 
offering, and revenue model. At the operating model level, the emphasis is on how a 
company uses these decisions to achieve profitability, competitive advantage, and value 
creation, as well as how to offer the value proposition by positioning themselves and 
playing relevant roles in their respective value chain(s). In addition to developing 
appropriate cost models to ensure attractive returns and putting in place organisational 
structures and capabilities to guarantee success (Deimler & Kachaner, 2022). In this 
sense, BMI can be defined as the art of enhancing advantage, value creation, and capture 
through concurrent  and mutually supportive  changes to a company's value 
proposition to customers as well as its underlying operating model (Chesbrough et al., 
2018; Chesbrough & Rosenbloom, 2002;  Chesbrough & Appleyard, 2007; Dyer et al., 
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2018; Gassmann et al., 2014; Kraus et al., 2019; Reim et al., 2014; Sjödin et al., 2020). It 
may also be interpreted as an endeavour to establish or identify new BM strategies by 
"looking for new company logics and new methods to create and capture value for its 
stakeholders." With a primary emphasis on creating new revenue sources and generating 
value propositions for customers, suppliers, and partners (Foss & Saebi, 2015). Indeed, 
recent research shows that BMs with a congruent design that includes value identification, 
creation, and capture achieve higher BMI results (Rönnberg Sjödin, Parida and Wincent, 
2016; Kranich and Wald, 2018). Consequently, BMI has grown in importance among 
companies since it can have a higher impact on profit margins than product and service 
improvements alone. While also having the potential to disrupt established industries. 
 
Finally, BMI takes longer to catch up with technical capabilities, which may be because 
BM are more context-dependent than technology. With the introduction of IoT, a new 
generation of BM and BMI will develop in which formerly stand-alone physical items 
will be given the ability to detect and communicate information about their condition and 
environment. This allows for the tracking of how customers use a product or service, 
which could lead to, for example, a BM that relies on usage-based rental rather than a 
one-time sale. Furthermore, the availability of enormous volumes of data created by IoT 
sensors generates a new intellectual capital that may be sold or used as the basis for 
internal or external collaboration (Teece, 2018).  

2.4 Convergence of the concepts 

According to Chesbrough and Rosenbloom (2002), the implementation of BMI unlocks 
latent value from existing and emerging technologies, bridging technical potential to 
economic viability. As affordances and capabilities of technologies, including IoT, 
continue to evolve and increasingly influence business success, releasing this latent value 
is becoming increasingly imperative. This influence makes IoT a potentially important 
competitive advantage for companies implementing them. For example, incorporating 
IoT attributes and capabilities into BMs and BMI can reshape customer preferences and 
consumption habits from product ownership to service access. Companies who can adapt 
appropriately and timely to these changes and develop value propositions and offerings 
that meet these changing preferences and habits will be in a better place to remain relevant 
and competitive. Consequently, IoT can be viewed as an engine for service innovation, 
enabling upstream organisations to move from traditional product-centric BMs to service 
and data based offerings which create greater value (Vendrell-Herrero et al., 2017). 
Indeed, IoT is predicted to have a significantly greater impact on BM and BMI than 
previous technology advancements through its ability to (i) gather precise data about the 
real-world use of devices and the actions of objects and humans, which enable companies 
to adapt their products and services to better meet customer needs, remove useless 
features, and improve those that are used; and (ii) offer smart devices that people have 
never seen before since IoT can add new value to ordinary objects/products (Sumatosoft, 
2022).  
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IoT also has significant potential to facilitate widespread changes in BMs and BMI across 
multiple industries (Li, 2020). Companies that take an ecosystem mentality approach to 
IoT integration and implementation, like how the Internet evolved, can adapt, and create 
new BMs and BMIs by introducing new methods of identifying, creating, and capturing 
value for companies, their stakeholders, and their customers. In the coming years IoT is 
expected to have a significant impact these dimensions, particularly given that is predicted 
that the number of IoT-connected devices will reach 43 billion worldwide by 2023 
(Sestino et al., 2020). By integrating IoT into objects and human  - companies 
can collect and analyse meaningful data on customer behaviours, attitudes, consumption 
habits, and choices. This data can then be used to enhance a company's competitiveness 
and create new market solutions/opportunities by transforming existing products and 
services into digital business opportunities, and improving operational and organisational 
systems   (Borgia, 2014; Martens et al., 2021).  
 
In more detail, IoT drives BMs and BMI by enabling companies to connect and collect 
enormous amounts of valuable data, which they can harness for various purposes, and use 
as a raw material for their machine learning algorithms to renew their business and 
operational systems. This renewal requires companies to tap into benefits provided by 
rich streams of data to design and factor in novel, non-trivial BMI or development of new 
BMs, which can be harnessed to identify, create, and capture new value (Teece, 2010; 
Foss and Saebi, 2017). IoT, in particular, facilitates BMs that sell integrated bundles of 
tangible things, intangible services, data and digital infrastructures that satisfy individual 
customer expectations digitally (Atzori, Iera and Morabito, 2010, 2017; Lu, 
Papagiannidis and Alamanos, 2018). In this context, IoT encourages the development of 
specific forms of service (or 'servitization' / 'digital servitization') BMs that leverage its 
capabilities to record, store, and transfer data   (Gebauer et al., 2021; Jovanovic, Sjödin 
and Parida, 2021; Martens et al., 2021). This data can be used to create digital services 
and solutions that supplement or replace their traditional product offerings. By leveraging 
the pervasiveness of IoT connectivity and the rapid advancement of IoT-enabled 
technologies, manufacturers and service providers can also monetise data collected and 
enhance existing offerings with customisable service level agreements that identify, 
create, and capture value (Atzori, Iera and Morabito, 2010, 2017; Lu, Papagiannidis and 
Alamanos, 2018; Martens et al., 2021). Porter and Heppelmann (2014) underline the 

stating that connecting 
products and processes through modern technology, including IoT, will result in new BMs 
with deep implications for companies and their stakeholders. By leveraging the IoT 
affordances and capabilities, companies can differentiate themselves from rivals and 
downstream players by offering hard-to-replicate services (Vendrell-Herrero et al., 
2017). 
 
As a result, IoT is expected to make the physical world more personalised, fluid, and 
efficient (Brody and Pureswaran, 2015). Services can be offered for products and their 
functions, and "things" will be identified with the services they provide (Atzori, Iera and 
Morabito, 2010, 2017). In these instances, products and relevant external information can 
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be coordinated and optimised as consumable services rather than traditional ownership of 
actual products (Kagermann et al., 2013; Leminen and Wendelin, 2018). These 
developments are driving two new trends in BMs and BMIs based on IoT  affordances 
and capabilities: (i) a shift away from viewing IoT primarily as a technology platform and 
toward viewing it as a system in which multiple stakeholders collaborate to deliver 
innovations; and (ii) a shift away from focusing on a s BM and toward 
establishing collaborative BMs based on product and service systems (Westerlund et al., 
2014)
the enormous business value IoT can offer, including deriving data-driven insights to 
better manage operational and organisational processes; manage stakeholder engagement; 
increasing productivity and efficiency of business operations; generating novel revenue 
streams and BMs; and seamlessly integrate the physical world with the digital world 
(Oracle, 2022). 

Finally, the fundamental premise of an IoT BM and BMI is to focus on the customer and 
the identification, creation, and capture of value by using IoT pervasiveness. IoT BMs 
and BMI are also increasingly based on an integrated network of cloud/internet-based 
platforms, which allow for the seamless integration of physical devices, data storage, and 
data analytics into diverse applications (Gubbi et al., 2013). These integrated systems 
provide capabilities such as computing resource virtualisation (also known as platform as 
a service or PaaS) and software as a service (SaaS) delivery of end-user IoT applications 
(Krotov, 2017). Furthermore, a key component of BMI is not just (re)designing value 
creation and value capture processes, but also ensuring that they are adapted and 
connected with one another (Foss and Saebi, 2018; Ritter and Lettl, 2018). Existing 
literature on the phenomenon (IoT, BM, and BMI) suggests that their alignment would 
assure the "appropriacy" of the various parts of value identification, generation, and 
capture in connection to one another (Ritter and Lettl, 2018).  

2.5 Business models as a theory 

To build upon existing academic research, and to address the research gaps and questions 
this dissertation primarily follows a 
2010; Zott and Amit, 2010; Zott, Amit and Massa, 2011; Massa, Tucci and Afuah, 2017; 

applying 
lenses (Teece, 

Pisano and Shuen, 1997; Eisenhardt and Martin, 2000; Helfat and Peteraf, 2003; Teece, 
2007; Helfat and Raubitschek, 2018).  

The literature in business and management studies has seen a substantial increase in 
interest in the theory of BMs over the last two decades, and there has been extensive 
discussion concerning the definitions and foundations of these models, as has been 
examined in Section 2.1. For example, Sierotowicz and Sierotowicz (2018) attempt to 
verify the proposed constructs of BMs meet the objectives of abduction using the 
Scientific Research Tradition (ScRT). The results of their investigation confirmed that 
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the theory of BM falls under the scope of ScRT. According to the methodology of science, 
the BM theory proposed based on management science points to abduction as a tool that 
allows for a deeper understanding of the mechanisms of formation and opens a new way 
of interpretation than is the case with deduction or induction (Sierotowicz and 
Sierotowicz, 2018). 
 
In the context of this dissertation this viewpoint of BM theory allows for a better academic 
and practitioner understanding of the capabilities and affordances of IoT on the 
development of BMs and BMI. Allowing company decision makers (practitioners) and 
academia to make better predictions and investment decisions on how to use digital 
technologies in different contexts, and their benefits and downsides (Costa Climent and 
Haftor, 2021). This viewpoint is based on theory's ability to explain and forecast 
occurrences more precisely; to detect, analyse, and explain novel situations; to compare 
diverse experiences; to clarify decisions and actions to others; and to identify gaps in 
knowledge and research. Two interrelated driving factors have underpinned theoretical 
advancements in BM thinking (Teece, 2010; Zott, Amit and Massa, 2011; Massa, Tucci 
and Afuah, 2017). First has been the advancement of ICT and Internet related 
technologies, and more recently digitalisation; which has led to the creation of 
technology-based companies (e.g., Alphabet, Amazon, and Facebook), which have 
produced and seized economic value at an unprecedented rate and magnitude based on 
these technological advancements (Parker, Van Alstyne and Choudary, 2016). Second is 
the fact that existing theory on strategic management and entrepreneurship was unable to 
explain and forecast such value creation (Costa Climent and Haftor, 2021). For example, 
when Apple debuted its first iPhone in 2007, the dominant theoretical bodies were the 
'industry-based approach' represented by Michael Porter (1985), which claims that 
conditions within an industry, to a significant extent, dictate business strategy and 
performance; and the 'resource-based view,' which presents a managerial framework used 
to determine the strategic resources a firm can exploit to achieve sustainable competitive 
advantage (Barney , 1991). It has been argued that these and related theoretical concepts, 
such as transaction cost economics, strategic networks, and Schumpeterian innovation, 
only explain for a portion of the reality of modern digitally driven companies (Costa 
Climent and Haftor, 2021). 
 
These two fundamental pressures, empirical and theoretical, have compelled academia to 
experiment with the unification of many theoretical bodies, resulting in the theoretical 
underpinnings of BM theory (Amit and Zott, 2001; Zott and Amit, 2007), which are based 
on an explanation of how a company produces, delivers, and appropriates value (Teece, 
2010; Foss and Saebi, 2017; Costa Climent and Haftor, 2021). Specifically, BM theory  
objective is to account for the economic value identified, created and captured by 
companies that use digital technologies to deliver new BMs or BMI (Amit and Zott, 2001; 
Massa, Tucci and Afuah, 2017). It also accounts for the company spanning architecture 
of actors that interact to create, deliver, and appropriate value (Amit and Zott, 2001; 
Teece, 2010; Zott, Amit and Massa, 2011; Massa, Tucci and Afuah, 2017) For these 
reasons, BM theory presents an effective means to explain the business design issues, and 
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capabilities and affordances of IoT which allow companies that integrate these into their 
BM and BMI design to perform better than others. Furthermore, the Resource-Based 
View (Eisenhardt and Martin, 2000; Barney, 2001) and Dynamic Capability (Teece, 
Pisano and Shuen, 1997; Eisenhardt and Martin, 2000; Helfat and Peteraf, 2003; Helfat 
and Raubitschek, 2018) lenses are utilised in this dissertation to assess the consequences 
of new capabilities provided by IoT use on company performance (i.e., competitive 
economic, organisational, and operational) and its implications for BM and BMI.
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3 Research Methodology

Philosophy of research, also known as philosophy of science, investigates how 
knowledge emerges, grows, and develops. It is a method of thinking about how to collect, 
analyse, and apply data about a phenomenon. Philosophy of research serves three 
principal functions in business and economics: demystifying, informing, and method 
facilitation. With these observations in mind, academic research is built on solid theory, 
methodology, and empirical phenomena. The purpose of this section is to lay the 
groundwork for these foundations by first describing, debating, and justifying the 
philosophy chosen to underpin the dissertation's scientific practise. The epistemological 
stance of the study and the ontological assumptions that guided the theoretical and 
empirical work are introduced. Second, the research reasoning will be introduced as a 
vehicle for developing the theoretical framework. Third, for each publication, the re-
search methods used are introduced, along with a description of the data collection and 
analysis methods. Figure 2 provides an overview of this dissertations research design.

 
Figure 2: Dissertation research design. 

3.1 Research approach  

A methodological perspective describes the relationship that exists between a problem 
and a specific method(s). Methodologies are developed by researchers based on their 
assumptions about the nature of existence (ontology), which leads to a philosophy of 
knowledge construction (epistemology) (Hesse-Biber, 2010). This dissertation's 
ontological foundation is 'objectivism,' which asserts that social phenomena and their 
meaning exist independently of a researcher. Inferring that social phenomenon are 
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external facts beyond our control, i.e., that they exist independently or separately from 
other actors (Bell and Bryman, 2007; Saunders et al., 2012). The epistemological 
approach in this dissertation is based on intuitive knowledge, which was used to select 
specific problems to investigate within the chosen research field(s). During the process 
of reviewing existing research and knowledge (from academic articles, books, research 
papers, and company reports) on the chosen phenomena, authoritarian knowledge was 
used. The analysis of primary and secondary data findings provided logical knowledge, 
and the research conclusions can be viewed as empirical knowledge (Dudovskiy, 2022). 
A rationalist approach is also applied, with observations, findings, and conclusions 
derived from either systematic and replicable data gathering and analysis techniques, 
narrative reviews of peer-reviewed materials, or replicable qualitative data gathering and 
analysis techniques. Finally, this dissertation embodies a critical realism perspective, 
which represents a combination of viewpoints that contrast with those associated with 
traditional positivist and interpretivist positions (Sayer, 2000; Bhaskar, 2008). Allowing 
for the development of practical recommendations based on the application of universal 
research principles and founded on observations and knowledge gained from what 
happens in the real world. Rather than a single person's interpretations and knowledge of 
a specific phenomenon.  

3.2 Research reasoning 

The primary results and the reasoning of this dissertation and four of its supporting 
publications (Publication I, II, IV and V) are based on inductive logic (reasoning), 
whereby a researcher begins with detailed observations of the world, which moves 
towards more abstract generalisations, narratives, and ideas (Neuman, 2003) instead of a 
confirmation or rejection of hypothesis. This generalisation is reflected in the open-ended 
questions and narrative form of analysis adopted in the results, discussion and conclusion 
sections of this dissertation and the supporting publications, which are explored primarily 
using exploratory data analysis to formulate observations and identify trends (Dudovskiy, 
2022). These observations and trends are then used to develop contributions to existing 
IoT (technology), BM and BMI theory. An inductive reasoning approach was chosen as 
it takes a 'bottom-up' approach to research, focusing on dynamics, robustness, emergence, 
resilience, individual behaviour, and constructing alternative futures. This focus leads to 
the discovery of patterns of relationships and empirical generalisations - also known as 
the grounded theory approach - which derives theory from data, systematically gathered, 
and analysed through the research process. Through this method, data collection, analysis 
and eventual theory stand in close relationship to one another (Strauss & Corbin, 1998). 
 
Publication III is based on deductive logic (reasoning) whereby a researcher develops a 
hypothesis (or hypotheses) based on existing theory and knowledge. After the hypothesis 
(or hypotheses) are formulated, a researcher(s) then designs a research strategy to gather 
data and observations to test the hypothesis (or hypotheses) to see if that 
theory/knowledge is valid in the chosen circumstance(s) (Wilson 2010; Sneider & Larner, 
2009, Bryman & Bell, 2011). In this case, the reasoning begins with a theory and 
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progresses to a new hypothesis (hypotheses). This hypothesis is put to the test by 
subjecting it to observations that either confirm or reject the hypothesis (Sneider & 
Larner, 2009). Inductive logic is then used to infer the implications of the test results on 
the theory (Godfrey-Smith, 2009). In publication III, the premise is that DL, and 
information sharing, and data analytics capabilities influence business, innovativeness, 
and sustainability performance of companies. Likewise, it is premised DL influences 
information sharing, and data analytics capabilities. 

3.3 Research method, data collection and data analysis 

This dissertation employs a mixed methods approach whereby both qualitative and 
quantitative research approaches are used, with supporting information attempting to 
express causal connections between variables and hypotheses (research questions) to gain 
a better understanding of the phenomena, research gaps, and interconnections that 
influence the main and sub-questions posed in Sections 1.1 and 1.3.  The key benefits of 
using a mixed-method approach are that it allows a researcher to present a comprehensive 
view of a study topic. When several techniques are used consecutively at different phases 
of research, one study informs the other, and each is undertaken using a distinct research 
approach (Jennings, 2005). A researcher can investigate multiple views and identify 
linkages that exist between the numerous layers of multifaceted research issues by relying 
on the potential benefits of both qualitative and quantitative methodologies. 
 
In Publications I, II, IV, and V of this dissertation, a qualitative research technique is 
applied. Using this method in these publications enabled me to grasp subjective feelings, 
beliefs, and conceptions, get in-depth knowledge of a specific context, study unresolved 
difficulties, and produce new ideas about the studied topic. A qualitative approach is also 
more malleable and inductive in nature, allowing a researcher to adjust their method based 
on what they have learned during the study process (Bhandari, 2022a). These features are 
important in the context of this dissertation since it investigates young but fast emerging 
phenomena that have a substantial influence on both practical and academic business 
research.  
 
Publication III employs a quantitative method, which allows for the testing of the 
fundamental principles covered in this dissertation and the other supporting publications. 
This method enabled me to discover patterns and averages, generate predictions, test 
causal (correlating) links, and generalise results in descriptive summaries of the tested 
hypotheses (Bhandari, 2022b). These characteristics are crucial in the context of this 
dissertation as they allow for a more generalised and broad understanding of how IoT and 
the capabilities it provides effect company performance. In other words, the qualitative 
feature captures a broader picture of its overall impact on BM and BMI than the more 
narrowly focused qualitative feature. 
 
Finally, using a mixed methods approach addresses weaknesses in research that may occur 
due to only adopting one research approach. For example, qualitative research tends to 
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use smaller sample sizes and open to researcher biases. Whereas quantitative research 
can provide a less detailed picture and limited by pre-set questions. Using a mixed 
methods approach improves quality and accuracy of the findings presented in this 
dissertation. Enabling me to add both breadth and depth to the insights uncovered in 
qualitative research, then cross-reference these against a wider sample with a quantitative 
approach (Mander, 2022). The sections that follow provide a more detailed synopsis of 
the research and data collection methodologies used in each publication that support this 
dissertation. 

3.3.1 Systematic Literature review (Publication I) 

An analysis of the relevant literature is a critical step in any research project. Literature 
reviews analyse the foundations of a research stream, identify the existing gaps, strengths, 
and weaknesses, and identify future research opportunities. Publication I objective is to 
provide a systematic literature review academic literature and conference papers on IoT 
system architectures from the field of business management and related academic 
disciplines, including computer science, organisational and operations management. It 
also seeks to identify the key contributors and influencers, as well as their 
interdependence, at each layer of the IoT system. A systematic literature review as 
described by Denyer and Tranfield (2009) was chosen because it allows for a rigorous, 
scientific, and transparent review process, reducing potential biases more than other types 
of literature reviews, such as narrative or traditional reviews (Annarelli, Battistella and 
Nonino, 2016). Enabling the generation of more reliable and relevant results on which to 
base an analysis and conclusions (Reim, Parida and Örtqvist, 2015). It also allows for a 
review of the current evidence base and the formulation of recommendations for future 
research (Rojon, Okupe and McDowall, 2021). Finally, the reviewers' decisions, 
techniques, and findings are clearly audited using this method (Tranfield, Denyer and 
Smart, 2003). The initial planning step of the review included an iterative process of 
defining, clarifying, and refining the review question(s) - the 'scope' - by the reviewers. 
Once this process was completed three main steps (article sampling, application of 
screening criteria and final analysis and reporting) described by Denyer and Tranfield 
(2009) were applied.  
 
The first step of the review involved a literature search (sampling) for peer-reviewed 
academic articles using the Scopus and Web of Science databases. The searches were 
conducted using keyword strings, keyword grouping, and search conventions based on 
Boolean 'And' logic (Denyer and Tranfield 2009, p. 684). To avoid an overflow of 
potentially irrelevant articles three researchers discussed keyword strings protocols that 
should be employed in the literature search. Subsequently, the keyword strings were 
limited to the terms 'Internet of Things' and 'IoT' in combination with 'architecture,'

(Kraus, Breier and Dasí-Rodríguez, 
2020). In addition, the search was limited to academic articles and conference papers 
published after 2010. This was due to the factors the IoT concept only emerged as a 
technology with significant disruptive potential in the early 2010's (Nicolescu et al., 
2018). Consequently, there was limited research on the
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phenomenon prior to this year (Pautasso, 2013; Okoli, 2015). The database searches 
produced 921 potentially relevant academic articles and conference papers. The titles, 
abstracts, and keywords of the articles found were manually reviewed to ensure their 
relevance to the review and to eliminate duplicate search results. Following the initial 
literature searches, a backward review of the citations of the papers identified as relevant 
to the research was conducted to identify additional papers relevant to the review, but not 
discovered through our interrogation of the article databases (Webster and Watson, 2002; 
Kraus et al., 2020). Finally, articles relevant to the research objective were chosen using 
purposeful critical case sampling. During this phase of selection, the titles and abstracts 
of each article were read to determine whether they should be included or excluded from 
our review. As a result of this procedure, 843 academic papers were rejected, and the 
remaining seventy-eight papers were identified as relevant for the review process. These 
papers were analysed using an open coding content analysis technique whereby the 
research data was first systematically analysed and then classified. An inductive logic 
was used to observe emergent patterns in the studied materials to understand the current 
theoretical positioning on the phenomenon and future directions. Additional codes were 
added as previously unconsidered but relevant themes emerged from the literature 
analysis itself. Due to the overall wide range of literature themes and the inclusive nature 
of the review, critical appraisal was not performed. NVivo software was employed to map 
the identified information based on the coding structure, as well as the exploration of 
relationships within and across the data that was collected. 

3.3.2 Qualitative research (Publication II) 

The objective of Publication II is to comprehend and define the operational capabilities 
required for the successful implementation of IoT-PSS BMs (Kohtamäki and Baines, 
2019; Nasiri et al., 2020). For this purpose, a multiple case study examination was 
conducted to identify the operational capabilities of IoT-PSS testbeds accessed from the 
Industrial Internet Consortium (IIC) testbed database. This database enables companies 
to assess their IoT-PSS in mutually beneficial, high-value exchanges between business 
units and customers. Twenty-one IoT testbed cases were chosen for their emphasis on 
IoT solutions and details on how these solutions are used to create value for customers. 
There was a wide range of sample cases in terms of organisational capabilities and 
business activities (energy, health care, manufacturing, smart cities, and transportation), 
and case study testbeds included a diverse range of organisations, from large 
multinationals to local governments and academic institutions. 

 
NVivo software was used to code and analyse qualitative case documentation from the 
twenty-one testbed cases, which was available as text documents. Inductive analysis was 
the general analytical strategy for coding capabilities. The first step was to perform a case 
analysis and open coding to see if the raw data demonstrated the skills or knowledge 
required to achieve IoT-PSS outcomes. During this process, common themes were 
identified among testbeds, which were then grouped and labelled based on similarities 
(first-order codes). Lower-order codes are referred to as lower-order capabilities, while 
higher-order codes are referred to as higher-order capabilities. Reflecting on the first-
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order codes resulted in the creation of second-order codes. The analysis of the data 
revealed ten higher-order capabilities. Finally, two researchers discussed and compared 
the testbed case capabilities to existing technology capabilities and BMs descriptions. 
When similar models were discovered, the testbed was mapped to that BM type, allowing 
scenarios and capabilities to be linked. 

3.3.3 Quantitative research (Publication III) 

The purpose of Publication III is to advance understanding of the effects of DL, and data 
analytics and information sharing capabilities on company business, innovativeness, and 
sustainable performance. For this purpose, empirical data was collected through an online 
Likert-scale survey (written in English and Finnish). The survey targeted large and 
medium-sized companies (staff count was set to one hundred to exclude the smallest 
companies), who represent the highest subsidiary of a multinational company, or have 
their headquarters in Finland. Additionally, the targeted companies were divided into 
three categories: original equipment manufacturers (OEMs), other manufacturers, and 
service providers. Finally, the survey was directed to staff within these companies who 
are responsible for digitisation and business operations activities. Out of a total sample of 
N = 688 respondents, n = 126 valid responses were received to provide an effective 
sample. 

The research model and survey instrument were developed 
knowledge and existing theoretical literature on concepts studied. Specifically, the model 
and survey probed the expected levels of company DL data analytics (Porter and 
Heppelman, 2015) and information sharing capabilities (Fan et al. 2017), and their effects 
on business (Germain, Dröge and Christensen, 2001), innovativeness (Inemek and 
Matthyssens, 2013), and sustainability (Zhu, Sarkis and Lai, 2008) performance. Each 
concept was measured with three to four indicators based on five-point Likert-scales. 

The statistical analysis included two stages: an assessment of latent factor structures and 
testing path model. Latent structure and the hypothesised influences between concepts 
were tested with structural equation modelling method where robust maximum likelihood 
estimator (MLR) was applied to extract the statistical model to compensate effects slight 
non- -7 library was applied as 
a core statistical platform. The measurement model was verified with confirmatory factor 
analysis. The model fit to data was evaluated by its fit measures (critical values; CFI > 
.95, NFI >.95), error (critical value SRMR<.08) and discriminant validity (HTMT) which 
all indicate expected factorial structure empirically exists and the solution is unique 
(Kline, 2011). 

3.3.4 Conceptual Book Chapter (Publication IV and V) 

In publications IV and V, IoT, BM and BMI are contextualised within topics and 
megatrends in international business - entrepreneurship and the circular economy 
respectively - to form a balanced view and perspective on the topics drawn from a wide 
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range of publicly available case study sources, supported by previous case study research 
presented in peer-reviewed academic journals and publications. Publication IV 
investigates IoT, BMs, and BMI from the standpoint of contemporary issues in 
international business and entrepreneurship. Whilst publication V investigates the 
complementary role of AI and IoT - otherwise known as AIoT - in improving circularity 
goals, the transition to digitally facilitated circular economy BMs, and understanding how 
the integration of AIoT into companies operational and business ecosystems can lead to 
more efficient international business activities. 

Both publications are conceptual papers that use empirical business cases gathered from 
open data sources, including company, professional consulting firms, and public body 
websites to demonstrate how the dissertation's focal phenomena are used in practise from 
contemporary business management perspectives (Jaakkola, 2020). This conceptual 
approach allows for the ing of existing theories in interesting ways, link work 
across disciplines, provide multi-
(Gilson and Goldberg, 2015; p. 128). A theory synthesis approach was used in both 
publications to achieve conceptual integration from multiple data sources in the form of 
logical and complete descriptions, rather than test them empirically (Gilson and 

causal processes (Delbridge and Fiss, 2013), and offer new and enhanced viewpoints on 
the focal phenomena in novel ways (Jaakkola, 2020). These publications provide the basis 
future empirical research. Finally, the subsequent literature reviews that support the 
conceptualisations in both publications are a necessary tool rather than their ultimate 
objective. 
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4 Summary of publications and results 

This section of the dissertation summarises its five supporting research publications. 
Table 4 summarises each publication, which are discussed separately in the following 
subsections, highlighting their background, objectives, results, and contributions to 
ground the conclusions discussed in the Section 5. 

Table 4: Positioning of research question(s) to publications. 

 
Research question Research 

Gap 
Objective Publication 

What are the business design and 
integration issues companies must 
address when implementing IoT 

 

Gap 1 To understand the key issues and 
challenges that companies must be aware 
of and factor in when integrating IoT into 
their operational and organisational 

 Additionally, to develop 
a standardised architecture typology and 
matrix of the IoT service supply chain, 
which allows academia and practitioners 
to envisage and evaluate the IoT as part 
of a comprehensive integrated service 
supply chain, rather than focusing purely 
on technology or application related 
issues.  

I 

How are IoT capabilities influencing 
BM redesign and the emergence of 
new BM categories? 

Gap 2 & 3 To identify and describe the operational 
capabilities necessary to implement BM 
through IoT-PSSs. 

II 

What effects do digital capabilities and 
leadership have on 
innovativeness, sustainability, and 
business performance? 

Gap 2 To describe the linkages between digital 
leadership and capabilities on company 
performance in the areas of business, 
innovativeness, and sustainability, 
particularly in complex environments. 

III 

What type of BMs and BMI are 
emerging because of IoT use? and, 
how are they being applied in practice? 

Gap 3 To investigate and discuss how IoT is 
influencing BM and BMI development in 
the international business. Specifically, 
from an entrepreneurial perspective. 

IV 

What type of BMs and BMI are 
emerging because of IoT use? and, 
how are they being applied in practice? 

Gap 3 To investigate and describe how the 
integration of AI and IoT (AIoT) can 
assist international businesses in 
transitioning to a CE and promoting 
circularity in their business ecosystem(s), 
using BMI. 

V 
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4.1 Publication I - Critical Business Design Factors in the Internet of 
Things Service Supply Chain: A Review and Typology 

4.1.1 Background and objective(s) 

IoT is a new concept that combines ubiquitous and pervasive computing, wireless 
communication and sensing technologies, and embedded devices. This creates a system 
in which the digital and physical worlds interconnect. Through computers, smart objects, 
and sensor networks, IoT operates as a smart service supply chain that connects objects, 
information, and people. Business design challenges presented by this service supply 
chain point to the need for a generic framework to describe IoT reference architecture 
typologies that consider the shift from proprietary, non-interoperable solutions to more 
open, IoT-enabled ecosystems. There have been attempts by various industry bodies in 
recent years to develop a standardised architecture, which enables interoperability, 
simplifies development, and eases the implementation of IoT technologies (Atzori, Iera 
and Morabito, 2010; Alhamedi, 2014; Weyrich and Ebert, 2016; Lu, Papagiannidis and 
Alamanos, 2018). Despite this, existing architectures typically focus on the application, 
technology, or specific types of communication media, or are proprietary models based 
on fragmented software implementations for specific systems and use cases from an 
'internet-orientated' or 'things-orientated' perspective. Resulting in a fragmentation in 
agendas, and a lack of a comprehensive or standardised architecture typology addressing 
the business design challenges that arise within and between each layer of the IoT service 
supply chain (Atzori, Iera and Morabito, 2010; Lu, Papagiannidis and Alamanos, 2018; 
Nicolescu et al., 2018). This lack of an integrated business approach to the IoT service 
supply chain can stymie its successful adoption and integration, leading to inappropriate 
business design responses. As a result, "there is a pressing need for a standardised IoT 
service supply chain architecture typology that describes/addresses the business design 
challenges that business ecosystems face when they adopt and integrate IoT into their 
business activities," according to the rationale (objective) for this study. 

To address this issue, a systematic literature review of academic papers published 
between 2010 and 2020 in the fields of business management and related academic 
disciplines such as computer science, organisational and operations management was 
conducted (see Section 3.3.1). This review allowed for the integrated identification, 
selection, and critical appraisal of disparate streams of work on the IoT service supply 
chain and its architecture(s), by shedding new light on 'the key issues that need to be 
factored in when companies adopt and integrate IoT in their operations,' and when 
developing a typology for a standardised IoT service supply chain architecture (Karl, 
1995; Dahmus, Gonzalez-Zugasti and Otto, 2001; Persson and Åhlström, 2006; Geum et 
al., 2011). The properties of the system, as well as the issues of business design that may 
arise at various stages throughout the sequence, are described in a harmonised format 
using a systems theory approach to understand the components of the IoT service supply 
chain and their interactions. The benefit of this approach is that business ecosystem 
members can have a clear understanding of the critical issues within each layer and at the 
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gateways of the IoT service supply chain and understand how it affects them, and what 
adjustments/actions they need to accommodate for them. It also enables companies to 
have a clear understanding how the IoT service supply chain impacts their existing 
business designs and BMs and make the necessary changes to these to maximise value 
identification, creation, and capture, as well as take measures to mitigate any potential 
negative consequences. 

4.1.2 Results and contributions 

Applying the findings from the systematic literature review, key service design and 
integration issues were identified and synthesised to produce a typology matrix for the 
IoT service supply chain (Table 5).

Table 5: IoT Service Supply Chain Typology Matrix. 

 
 Service design issues Integration issues 
Supply 
chain stage 
(IOT-
architecture 
layer) 

Data Product Process Data Product Process 

1. Devices       
1.1 Sensors 

 

Real-time, 
logical, and 
relevant 

Reliable, 
smart, 
common 
functionality 

Anytime, 
anywhere, and 
anyplace 

Secure, 
confidential, 
and integrity 

Unique 
identifier, 
interoperabili
ty 

Autonomy 

1.2 Data 
Acquisition 

 

Logical & 
relevant 

Intelligent, 
self-
configurable, 
and scalable 

Direct or 
indirect link to 
network and 
gateway to next 
layer 

Customisable 
communication 
schemes 
enabling flow 
control 

Fusion 
between 
device(s) and 
WSN 
protocols 

Context and 
environment 
awareness 

2. Networ
ks 

      

2.1 Local 
Networks 

 

Diffusion and 
processing of 
end-to-end data 
in a reliable or 
unreliable way 

Reliable 
roaming 
infrastructure 
and control 
schemas; 
cross-
functional 
protocols, 
proxies, and 
gateways 

Backbone 
networks and 
resource admin. 
Autonomous 
local fog and 
global cloud 
capability 

Clustering and 
filtration of data 
collection 
according to 
user-defined 
criteria 

Dynamic and 
integrated. 
Ability to 
handle 
spontaneous 
additions and 
departures 

Logical 
address 
schemas, 
data 
packaging, 
manipulation
, and 
delivery 

2.2 Data 
Aggregation 

Integrated 
adaptation and 
accretion of data 
flows from 
devices to back-
end apps 

Intelligent and 
self-managing 

Smart 
identification 
and filtration 
according to 
defined 
criterion 

Converts data 
of relevance to 
later stage from 
data in motion 
to data at rest 
via selective 
filtering and 
storage  

Common 
functionalitie
s utilisable by 
different IoT 
applications  

Ubiquitous 
computation 
and 
independent 
decisions 
based on 
outcomes 

3. Big 
Data 
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3.1 Data 
Storage/ 
Centralisati
on 

Normalisation, 
de-normalisation, 
scalable, 
indexing, and 
consolidating of 
complex data 
into meaningful 
formats, security, 
and privacy  

Data, 
software, and 
control server 
components 
that handle 
data flows 
efficiently and 
securely 
during its life 
cycle 

Retrieve, 
process, and 
compute data 
and automatic 
decision 
making 
connected to 
service-
oriented issues 

Retrieval, 
assimilation, 
and processing 
of data from 
multiple 
sources 

Represents 
relevant data 
in an IoT 
system in 
terms of 
static 
information 
structures 

Processes 
and 
assimilates 
all service-
oriented 
issues 

3.2 Data 
Analytics 

Smart object 
network structure 
repository 

Processed in 
an automatic 
and smart way 
to deliver 
pervasive and 
spontaneous 
services 

Intelligent 
analysis and 
decision 
making using 
smart 
computing and 
cloud 
technologies 

Conversion of 
data into logical 
structures 
recognisable to 
information 
technology 
infrastructure 
components 

Software 
cooperates 
with data 
accrual and 
abstraction 
levels 

Stores, 
analyses, and 
processes 
data from the 
network 
layer using 
proxies to 
map data 
logically  

4. Service
s 

      

4.1 
Application 

Inclusive 
applications 
management 
based on 
processed data in 
previous layers 

Transforms 
data into 
content 
accessible 
through the 
user interface 

Flexibility to 
make it easier 
to develop the 
platform as the 
service supply 
chain evolves 

Multiple app 
assimilation at 
the back end; 
simplifying the 
management 
and linkage of 

 

Common 
interface, 
intelligent 
operation, 
and 
configuration 
to 
specification 

Exporting all 

functionalitie
s to the end-
user 

In this typology matrix, the construct gaps and/or challenges that may appear in BMI or 
designing new BM in the context of IoT and its associated digital technologies are 
identified and described (Johnson and Christensen, 2008; Gassmann, Frankenberger and 
Csik, 2014). This is presented 
process angle and from a systems theory perspective (Baxter, Susan Jack and Jack, 2008). 
The results also identified six key IoT service supply chain challenges that academia and 
practitioners should be aware of. Namely, (i) The ability to create a business ecosystem 
mindset internally and externally; (ii) Establishing and maintaining cooperation; (iii) 
Organisational transformation; (iv) Technological integration and reliability in terms of 
the proper working of the system(s) based on its specification; (v) Continuous high-
performance levels; and (vi) Appropriate security and privacy protocols. 

 
This study contributes to the limited theoretical business and organisational academic 
works on IoT service supply chains and their architectural frameworks using a systems 
theory approach. Researchers can use the typology matrix to describe the various layers 
of the service supply chain in detail and gain an understanding of how the layers interact 
with one another and their environment(s) to identify, create and capture value from IoTs 
application. Knowledge of the six key challenges can also help practitioners to put in 
procedures to limit their occurrence or impact if they cannot be avoided. Furthermore, it 
serves as a foundation for future research in IoT systems theory, particularly an empirical 
approach, in which real-world case studies can provide insight into how IoT supply chains 
operate. 
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4.2 Publication II: Capabilities of Internet of Things-enabled 
Product-Service System Business Models 

4.2.1 Background and objective(s) 

As a novel paradigm of Internet-based services supported by sensing technologies and 
smart components, IoT enables companies to create new types of BMs based on a 
marketable set of products and services capable of jointly satisfying customer 
requirements by selling functionally rather than product ownership, known as a PSS. 
These are referred to as "IoT-PSS" in the context of this publication, and use smart sensors 
and devices, cloud computing, and next-generation telecommunication networks to 
monitor, control, and optimise business activities, as well as capture and deliver value to 
stakeholders, including customers (Tukker, 2004; Osako et al., 2019). In this context, 
IoT-PSSs are concerned with providing integrated bundles of tangible products, 
intangible services, and digital architectures that digitally match unique client needs 
(Teece, 2010) and developing the necessary capabilities to fully leverage value 
identification, creation, and capture through the use of IoT (Hasselblatt et al., 2018). 

Several IoT capabilities, such as digitalisation, service generation, and maintenance, have 
been identified in recent practitioner and academic studies (Ingemarsdotter, Jamsin and 
Balkenende, 2020; Kohtamäki et al., 2020; Nittala et al., 2021) but the overall picture 
remains fragmented. It also recognises IoT-PSS scenarios but does not display the most 
prevalent capability and BM combinations. In addition, the literature on DT does not take 
into account capabilities in an IoT environment (Warner & Wäger, 2019). Consequently, 
capabilities in the digital era (Nasiri et al., 2020), remain hazy, and in-depth qualitative 
studies could aid in developing a more detailed understanding of the phenomenon 
(Kohtamäki et al., 2020; Hasselblatt et al., 2018). To address these gaps in research this 
publication addresses the following research question What operational capabilities are 
necessary to implement business models through IoT-PSSs?   

4.2.2 Results and contributions 

Ten higher-order skills were identified from the twenty-one cases: connectivity, 
application provision, control, monitoring, operations management, maintenance, data 
analytics, data management and storage, communication provision, and security 
provision. The results of the testbed synthesis revealed connectivity to be the most 
prominent capacity, supporting observations in existing literature which have highlighted 
it as a critical component for system-level smartness in BM utilising IoT-PSS (Langley 
et al., 2020). Many testbeds also include application provisioning and data analytics 
capabilities. Most service oriented IoT platforms include these capabilities by default. 
Previously, research has focused on the creation of services but application provisioning 
at the operational level has been ignored. Maintenance capability management 
capabilities such as maintenance schedule and environment optimisation were discovered 
to be relevant. The publication proposes maintenance management as a means to provide 
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predictive and preventative maintenance as a complementing IoT-PSS capability 
(Ingemarsdotter, Jamsin and Balkenende, 2020). These findings corroborate prior 
research (Daim, Basoglu and Topacan, 2013; Zancul et al., 2016) which found that 
monitoring capabilities improve data flow for maintenance management within IoT-PSS. 
Asset management organisations may be able to create data-driven services, foresee 
changes in production systems, and develop early warning systems for risk management 
online by monitoring the performance of equipment, processes, and infrastructure in real 
time. 

In more detail, the results of the research showed control and monitoring capabilities to 
be inextricably linked in IoT- . This capability, also known as data exchange 
management, is concerned with controlling, and monitoring the amount of data sent from 
IoT sensors to networks. As a result, the implementation of an IoT-PSS occurs through 
case-specific monitoring and (data and network) control of equipment and processes 
(Leminen et al., 2018). Data exchange management, which is the process of data 
management and storage; is a key enabler in the testbeds and the IoT-PSS business model. 
By following a supply chain, for example, data management and storage can improve 
visibility, monitoring, and control of supply chain processes, which allow for more data 
exchanges and improved supply chain coordination analysis. Data Analytics and 
communication capabilities are intrinsically related to data management and storage 
capabilities. Data analytics is characterised as descriptive when the end result is data 
visualisation, diagnostic when the end result is data analysis, predictive when data 
abnormalities are detected, and prescriptive when processes are optimised using machine 
learning (Chettri and Bera, 2020). The conclusions of this publication also included 
comparable capabilities. Communication between objects and its problems, such as 
congestion or costs, has been extensively studied in engineering literature (Chettri and 
Bera, 2020), but has not previously been viewed as a feature that provides IoT-PSS 
business prospects. Communication should also be linked to the requirement for security 
provisioning capability. The requirement for security provisioning capability must also 
be linked to communication. If not properly managed, security has been identified as a 
barrier to IoT-PSS adoption (Bujari et al., 2018). This publication supports these findings 
and emphasises the importance of security capabilities in IoT-PSS. 

Finally, the main contribution of this research is to present the most important operational 
capabilities that companies must develop when implementing IoT-PSS, and how they are 
linked to existing research on these BMs. This knowledge can aid academics and industry 
practitioners visualising the relationships between capabilities and their IoT-PSS BMs. 
As discussed in earlier research, decomposing the IoT testbed environment into its 
essential capabilities provides important insights into how to cope with the inherent 
complexity of IoT-PSS BM (Paiola and Gebauer, 2020; Nair and Blomquist, 2021). 
Specifically, the publication contributes to BM research by demonstrating what 
capabilities are required for IoT-PSS BMs. The outcomes of this publication show how 
lower-order capabilities are grouped within higher-order capabilities. These findings 
provide examples of enhanced IoT-PSS BMs (sizing) and inform investments in 
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capabilities as a result of BM transformation discussions (Teece, 2018; Holtström, 2021), 
the findings provide examples of refined IoT-PSS BMs (sizing) and guide alignment and 
investments in capabilities (transformation). Based on the capabilities required, this 
publication gives practical ideas for constructing IoT-PSS BMs in a number of 
operational situations (Teece, 2018), determining what competencies they already have, 
what they need to grow internally, and what they can get from outside sources. 

4.3 Publication III: Exploring the Effects of Leadership and Digital 
Capabilities on Innovativeness, Sustainability and Business 
Performance 

4.3.1 Background and objective(s) 

Building upon the qualitative knowledge developed in Publications I and II. Publication 
III applies quantitative research methods to explore the effects of DL, and data analytics 
and information sharing capabilities on company business, innovativeness, and 
sustainable performance. As established in the first publications, companies are 
integrating digital technologies, systems, devices, resources, and competences at all levels 
of their organisational structures. In turn, this shift effects their existing and future 
capabilities and performance. Supporting this assertion, De Waal, Van Outvorst, and 
Ravesteyn (2016) observe that the digital revolution has disrupted established orders of 
control, created new perceptions of value, and destroyed many pre-existing notions of 
performance all while disrupting economies, markets, and businesses. Three significant 
changes have contributed to these developments. First, companies are finding more ways 
to improve their operations and innovate with digitalization. Second, companies learn to 
manage their digital infrastructure more efficiently and effectively. Third, they have 
increased access to digital resources without having to own them (De Waal, Van Outvorst 
and Ravesteyn, 2016). 

The role of DL - defined in this publication at the organisational level as a company that 
successfully uses its digital assets to gain and maintain a competitive advantage by using 
its (inbound and outbound) capabilities to be more responsive to customer needs and 
changing business requirements - is a key influencer in driving these elements (Sawy et 
al., 2016). Subsequently, DL is becoming increasingly important for companies in the 
digital era to ensure that appropriate strategies, BMs, BMI, and capabilities are 
established to produce value-added performance results (Hess et al., 2016; Klien, 2020; 
Sasmoko et al., 2019; Sawy et al., 2016). For example, technologies like IoT allow 
companies to collect, analysis, and share vast amounts of data about people and things. 
This data can be used and shared for data analytics and business prediction purposes 
(Tanniru, 2018), which enable DLs to make informed real-time decisions and to create 
customisable customer experiences. In turn these capabilities can create competitive 
advantages through improvement in the quality of design, conformance, and performance 
of the products and services they offer to customers (Sony et al., 2020). This publication 
focuses on two technology (digital) capabilities enhanced by the application of IoT, 
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namely data analytics and information sharing capabilities. These capabilities were 
selected as they are significant contributors to company performance as has been 
explained earlier in this paragraph. Additionally, DLs who share data (internally and 
externally) experience measurable more business performance outcomes than those who 
do not share. Data analytics and information sharing is important as it allows companies 
to: Unlock valuable data assets. Improve collaboration and productivity. Reduce 
redundant efforts and expenditures. Increase transparency and trust among stakeholders; 
and enable more effective use of resources across their vertical and horizontal 
organisational networks/ecosystems (Gensquared, 2022). 

Despite the observable performance benefits that can be gained using digital technologies 
like IoT capabilities, and the importance of DL there is currently a gap in the empirical 
understanding of the effects of DL on company performance based on empirical evidence. 
The main objective of this publication is therefore, to describe the linkages between DL, 
(digital) technology capabilities and company performance. In doing so, it describes how 
DL, through access to improved data analytics and information sharing capabilities 
enabled, can lead to improvements in business, sustainability, and innovation 
performance. To direct the research this publication addresses the following research 

innovativeness, sustainability, and business p

4.3.2 Results and contributions 

As established through the research question, the objective of this publication is to explore 
the effects DL and capabilities have on company innovativeness, sustainability, and 
business performance through an online survey. To test these effects and to answer the 
research question, several hypotheses were developed which explore (i) the effect of DL 
on digital capabilities (data analytics and information sharing); (ii) the effect of data 
analytics on innovativeness, sustainability, and business performance; (iii) the effect of 
information sharing capabilities on innovativeness, sustainability, and business 
performance; and (iv) the effect of DL on innovativeness, sustainability, and business 
performance. 

Using all the data gathered through the online survey, the hypotheses were tested with 
structural equation modelling where full-factorial structure was applied for the latens. For 
each hypothesised path, the standardised path coefficient was reported with the 
significance level. The test demonstrated that the tested model had an adequate fit to the 
data according to the robust fit statistics (CFI and TLI) and robust error statistics (SRMR) 
(see e.g., Hayduk, 1987; Kelloway, 1998). The main effects in the model were defined 
by hypotheses 1 4. In-sample explanatory power of the model can be assessed by the 
proportion of the variance explained of an endogenous variable (R2) which is an indicator 
for the variance captured into the latent constructs. The R2 for the latent variables in the 
path model were DAC = .250, IS = .156, Sust = .217, Inno = .596 and BPerform = .262 
indicating a relatively high level of explanatory power of the model, despite the relatively 
low sample. Table 5 presents the results from the structural modelling testing. This 
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relatively high level of explanatory power of the model is attributed to the fact that the 
focus phenomenon is remarkably complex, including multiple influences outside the 
tested model (Abelson, 1985; Prentice & Miller, 1992). 

Table 4 Results of hypotheses structural modelling testing 

 
 
The findings of the modelling were then compared to the original hypotheses. According 
to the tested route model, DL has a statistically significant effect on both data analytics 
and information sharing capabilities, confirming H1a and H1b. To better understand the 
impact of digitalization on innovativeness, sustainability, and business performance, the 
effects of DL, data analytics and information sharing capabilities were assessed against 
these factors independently. According to the findings, data analytics capabilities only 
have a statistically meaningful impact on business performance. According to this 
conclusion, the evidence does not support hypotheses H2a and H2b, which were thus 
rejected. Whereas the data supports and confirms hypothesis H2c.  
 
The capability to share information was demonstrated to have a statistically significant 
effect on sustainability and business performance, validating H3a and H3c. However, the 
model failed to demonstrate a statistically significant relationship between information 
sharing capabilities and innovativeness performance, hence hypothesis H3b was rejected. 
The findings revealed that the effect of DL differs based on the area of performance being 

Hypothesis Path  t p 
Main model     

H1a DL DAC 0.363     5.021     *** 
H1b DL IS 0.248     3.151     ** 
H2a DAC Sust 0.162     1.432     n 
H2b DAC Inno 0.149     1.778     n 
H2c DAC BPerform 0.241     2.153     * 
H3a IS Sust 0.330     2.195 * 
H3b IS Inno 0.054 0.495 n 
H3c IS BPerform 0.348 2.443 * 
H4a DL Sust 0.168     1.630     n 
H4b DL Inno 0.482 6.585     *** 
H4c DL BPerform 0.145 1.377 n 

Fit statistics (robust estimates):  
parameters = 52, Df = 171, chi = 192.593, CFI = .962, TLI = .953, SRMR = .066  
Variance explained (R2): 
DAC = .250, IS = .156, Sust = .217, Inno = .596, BPerform = .262 
Post-hoc test for indirect effects    

 DL DAC Sust - 1.375 n  
 DL DAC Inno - 0.501 n  
 DL DAC  BPerform - 1.622 n 
 DL IS Sust - 1.464 n 
 DL IS Inno - 0.630 n 
 DL IS  BPerform - 1.141 n 

n) Not significant, *) Statistically significant at p < 0.05, **) Statistically significant at 
p < 0.01, ***) Statistically significant at p < 0.001 
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evaluated. The test results specifically demonstrated that DL has a statistically significant 
effect on innovativeness performance, verifying hypothesis H4b. However, the findings 
of the tests indicate that DL has no effect on sustainability or business performance, and 
hypotheses H4a and H4c were rejected. 
 
Finally, post-hoc tests examining the indirect effects of DL on the three performance 
dimensions yielded statistically insignificant results, demonstrating that no mediation 
existed between the examined latent digital capabilities. As a result, only the tested 
model's direct impacts are applicable from a practical or theoretical standpoint. 
 
This publication's main contribution is to provide practitioners and academia with an 
understanding of the effects of DL and data analytics and information sharing capabilities 
on innovativeness, sustainability, and business performance. This understanding can help 
them to better grasp the relevance and importance of these phenomena from a business 
management theoretical and practical standpoint, which can be critical information in 
increasingly volatile and digitally driven operating and commercial environments. 
Transparent and open information exchange between horizontal and vertical business 
partners, for example, can boost business performance by allowing companies to respond 
appropriately and in real-time to operating/business disturbances, which is sometimes 
limited by closed information sharing channels. 

4.4 Publication IV: Business Model Innovation in the Digital Age: The 
Internet of Things 

4.4.1 Background and objective(s) 

Throughout the first two decades of the twenty-first century, international business and 
entrepreneurship around the world have faced increasingly volatile, uncertain, complex, 
and ambiguous (VUCA) operating environments influenced by local and global social-
economic situations, such as societal digitalisation and the Covid pandemic. Looking 
solely at digitalisation, the rapid and accelerated development of digital technologies and 
disruptive innovations, such as IoT, has drastically changed the dynamics of international 
business and entrepreneurial activities across all industrial sectors and organisational 
functions in just a few years. These developments require companies to align their 
products, services, processes, and BMs with the realities of an increasingly digital 
environment (Kreutzer, Neugebauer and Pattloch, 2017). It is also redefining the norms 
of customer engagement, competitiveness, data utility, innovation, and value, with 
technology, customers, and economics driving change rather than products and 
manufacturers (Cushman and Burke, 2014). Such an evolutionary trend has created a new 
strategic environment in which postmodern society is being propelled into the digital age 
by dynamic processes of "everything with everything and everywhere." Through the 
widespread deployment of embedded identification, sensing, and actuation technologies 
to create data-based product-services, these processes enable tangible and intangible 
objects to continuously interact with one another (Miorandi et al., 2012; Lee and Lee, 
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2015). As a result of these developments and pressures of ongoing disruption, new 
"sliding" rules and patterns of life and work are emerging. Companies and other types of 
organisations must be agile and able to anticipate and respond quickly to unexpected and 
external changes through the development of new BMs and BMI to survive and compete 
in today's VUCA environments, which are increasingly influenced by technological 
advancements and digitalisation (Troise et al., 2022).  
 
Whilst research on international business and international entrepreneurship has done its 
best to keep up with these changing realities much remains to be done. For instance, it 
remains unclear how new emerging technologies, such as IoT will impact the ways in 
which international companies and entrepreneurs will do business through the 21st 
century (Contemporary Issues in International Business, 2018). Managing in these 
scenarios necessitates distinct strategies for large corporations, small and medium-sized 
enterprises (SMEs) and entrepreneurs. For example, it has been reported that 
entrepreneurs  defined company that creates and capitalises on opportunities to 
bring new products and services to market - cannot rely on the robustness that comes 
from an abundance of material and financial resources (Troise et al., 2022). In this 
context, the objective of this publication (book chapter) is to investigate and discuss how 
IoT is influencing BM and BMI in the international entrepreneurial community. The 
publication introduces the issues of DT, BM, BMI, and IoT BMI by taking this stance. It 
then addresses the central issue of the implications of IoT BMI on entrepreneurial 
activities and their BMs. As well as how robustness, resilience, and the ability to respond 
appropriately to unpredictable and external changes in VUCA operating environments 
can be improved. This is an important research subject since so-called "digital" or "IoT" 
entrepreneurs alter existing companies by developing novel digital technologies and/or 
novel uses of such technologies in their BMs and BMIs and are seen as a critical pillar 
for DT and the ensuing digital economic development in many nations. 

4.4.2 Results 

Existing practitioner and academic accounts on BM, BMI, DT, entrepreneurship, and IoT 
demonstrates a shift in the entrepreneurial landscape, with entrepreneurs progressively 
moving from an Internet context to an IoT context, leveraging a variety of IoT systems 
and technologies. (Atzori, Iera and Morabito, 2010). In the context of IoT, the term 
"entrepreneur" has a broad meaning. To begin, it consists of private entrepreneurs who 
are starting new IoT-related businesses. Second, the phrase refers to leaders from existing 
corporate and public organisations that employ various components of IoT to improve 
existing business processes or deliver new value propositions to customers through 
innovation and experimentation  (Krotov, 2017). As a result, IoT is transitioning from a 
future technology to a must-have tool today, resulting in substantial economic prospects. 
Indeed, IoT-enabled digital technology is transforming working environments and 
processes, reshaping traditional BM, and driving BMI  (Bharadwaj et al., 2012). These 
technologies are also enabling new forms of collaboration and resource leveraging, as 
well as changing the mindsets of entrepreneurs and influencing their decision-making 
processes (Shen, Lindsay and Xu, 2018). Factors like new and potential revenue streams, 
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competitive advantage, satisfying customer demand, and customer stickiness are also 
driving IoT BMs and BMI. 

In the future, entrepreneurial enterprises will be able to move from "product" 
manufacturers to "service" providers thanks to IoT. This transformation  which entails 
creating a new set of customer and partner engagement rules based on the collection, 
analysis, and application of massive amounts of unique data collected on people and 
objects by IoT enabled technologies  is expected to be the primary driver of existing 
BMs, new BMs, and BMIs adaptation (Yu et al., 2017). Entrepreneurs will be able to 
construct and supply extra personalised customer tailored service-oriented BMs based on 
insights derived from this personalised data. These BMs are often characterised by 
concepts of constant innovation, improved design and quality, and individualised 
commodities, rather than the mass production of enormous quantities of standardised 
physical products that characterised previous BMs. Such functions are increasingly 
accomplished through adaptive open and online platform systems, which provide system 
members with access to resources and capabilities from a network of partners and/or 
platform systems. Giving them the potential to create a diverse range of customer focused 
IoT service solutions. While IoT BM and BMI provide a wealth of new opportunities for 
businesses, they must be wary of several issues. For example, in an IoT context, it is 
becoming increasingly important for entrepreneurs to monitor customer contact and 
exchange information more systematically (Yu et al., 2017). Concerns about overreliance 
on IoT technologies in corporate decisions, as well as privacy and security, are also 
prominent issues. As a result, the entrepreneur's active involvement in the final decision-
making process regarding IoT BMI adjustments is critical. Entrepreneurs should also 
assess the potential of IoT for their company and how it might fit into existing operations, 
product, and service portfolios. This assessment should include the development of 
business case scenarios that allow them to evaluate how and where IoT may affect their 
current BMs and future BMI, as well as how it will allow them to identify, create, and 
capture new sources of value for themselves, their partners, and customers. If this cannot 
be determined right away, the entrepreneur should keep learning, experimenting, and 
comparing their results to those of their peers.  

This publication contributes to the current thinking on these phenomena by clarifying 
how innovative technologies such as IoT will impact how entrepreneurs (and other types 
of companies) will do business in the future. It also clarifies the types of BM and BMI 
that will emerge because of digital transformation and IoT, specifically service-oriented 
models that leverage the omnipresence and capabilities of innovative technologies such 
as IoT. It also emphasises challenges and concerns that entrepreneurs should be aware of 
when developing IoT BM and BMI. Finally, the use of a conceptual approach in this 
publication serves as a springboard for more in-depth empirical research on the subject(s). 
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4.5 Publication V: Artificial intelligence of things as an accelerator of 
circular economy in international business 

4.5.1 Background and objective(s) 

Lowering costs, increased processing power, and sensor proliferation have enabled the 
interconnection of things, people, and devices, fuelling the recent trend toward more 
internet-enabled and intelligent products-services. As sector divisions blur and digitally 
inspired disruptors emerge, the repercussions for international business and trade are 
likely to be far-reaching (Evans, 2018). AIoT (the combination of AI and IoT) will play 
a crucial role in accelerating this change by developing intelligent and connected systems 
that can self-correct and self-heal. AIoT creates a smart, connected network of devices 
with a faster, greater, and more efficient impact than ever before, allowing companies and 
governments to influence and shape not only domestic, but also international business, 
through increased global awareness and smart tools that monitor and react to changing 
conditions (Ernst & Young, 2020). Taking into consideration AIoTs role in these changes, 
publication V focuses on two megatrends: (i) the urgency of ecological reconstruction 
(particularly the development of the circular economy, CE) and the integration of digital 
technologies, particularly AIoT, into all areas of a business, and (ii) how they affect and 
change BMs and, as a result, international business operations  a process known as DT. 
While the function of IoT and AI in the context of CE and international business has been 
investigated and discussed separately, less attention has been paid to how the combination 
of these two technologies might simplify the transition to a CE. As a result, there is 
currently a knowledge gap in both the academic and practical sectors on this critical topic.  
 
To that end, publication V defines AIoT as a CE enabler in a global business context, 
with a particular emphasis on global value chains and business ecosystems. It also shows 
how companies may embrace and use AIoT to help them achieve their CE goals while 
also improving the circularity of their business ecosystems. Finally, it investigates how 
multinational companies organise their operations with an eye toward environmental 
sustainability, the need for ecological reconstruction through BMI, and the role that 
advances in digital technology play in this. 

4.5.2 Results and contribution 

The results of this publication show that combining IoT with other Industry 4.0 
technologies like AI can lead to greater business and societal value identification, 
creation, and capture opportunities. According to the findings of the literature review, 
combining IoT with analytics and AI  AIoT  maximises its value due to AI's ability to 
process, comprehend, and automatically take appropriate actions. By decreasing potential 
friction points in old (classical) operating models, AIoT can assist in speeding up 
operations, enhance staff productivity, and cut costs. AIoT can also help traditional 
(classical) operating models by speeding up operations, improving employee 
productivity, lowering costs, and increasing value capture by reducing the number of 
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actors required in extended global business ecosystems (supply chains) and maximising 
the use of resources by extending their lifecycle. This lifecycle extension is made possible 
by AIoTs ability to allow companies to better track and monitor their products and 
services, which in turn enables them to discover, remove, refurbish, and reuse 
components with a useful lifecycle (SAS, 2019). 

Simultaneously, related technologies such as blockchain and automated systems (e.g., 
smart contracts and smart metres) can boost trust in operations and transactions by 
eliminating human error and allowing users to have better supervision, interaction, and 
control over their extended supplier/partner ecosystems (producers, suppliers, service 
providers, partners, end users (customers), regulators, and civil society groups) as live 
status information (Karakas, 2009; Jacobides, Cennamo and Gawer, 2018; Talmar et al., 
2018). Through increased monitoring, interaction, and controls, all ecosystem 
participants can benefit from other actors who have the resources they require, such as 
product design and marketing skills, supply route information, production knowledge, 
and systems (Lewandowski, 2016), rather than just one. Furthermore, it enables 
ecosystem members to focus more sustainably on their core business and value generation 
competencies. AIoT can also help companies to identify new business opportunities and 
optimise resource utilisation within their ecosystem. Consequently, it can help them 
improve their internal and external operations, as well as their profitability. These 
advancements and opportunities for profit have heightened interest in AIoT BMs and 
BMI, which focus on business environments that use digital technological capabilities 
and emphasise the importance of contextual concerns such as interdependencies, 
interactions, and collaborations that occur within the same innovation ecosystem (Metallo 
et al., 2018; Haaker et al., 2021). Given the importance of data in CE ecosystems, digital 
technologies can aid in ecosystem transition by incorporating faster and more agile 
learning processes, as well as iterative cycles of designing, prototyping, and gathering 
feedback, all of which are required for the challenging task of redesigning key aspects of 
the economy. Increased connectivity through IoT-enabled systems and smart devices can 
help companies track and collect data across all supply chain operations. 

By exploring IoT and AI in the context of CE and international business, BM, and BMI 
in an integrated manner, this publication contributes to the development of a key yet 
understudied business management topic. As a result, it serves as a platform for future in-
depth quantitative and qualitative study. It underlines the significant role IoT plays as a 
facilitator of new BMs and BMI in international business scenarios. Additionally, it 
shows how IoT combined with other digital technologies can be used to address important 
mega-trends that companies face in their business and operational activities. Specifically, 
this publication demonstrates how IoT and AI is being used in combination to enable 
product and service longevity, renewability, reuse, repair, servitization, capacity sharing, 
and dematerialisation (Batista, Tse and Soufani, 2018). Finally, while this publication 
examines the benefits of AIoT on international business and CE, it is also necessary to be 
aware of the technology's emerging and potential negative implications, as well as so-
called "techlash," which is driven by privacy and trust issues.
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5 Discussion and conclusions 

This dissertation clarifies and describes how companies (and other types of organisations) 
use IoT affordances and capabilities in their business and operational activities to identify, 
create, and capture value, through the development of their BMs and BMI (Rönnberg 
Sjödin, Parida and Kohtamäki, 2016; Sjödin et al., 2020; Linde et al., 2021). In doing so, 
it fills significant gaps in existing academic and practitioner knowledge of these rapidly 
evolving issues. Specifically, it addresses (i) the core business design and integration 
issues that companies should be aware of and address when integrating IoT into their 
business and operational activities; (ii) the types of affordances and capabilities that IoT 
allows; and (iii) the types of BM and BMI that are emerging out of the application IoT. 
Addressing these research gaps is a significant contribution because it is increasingly 
important for companies to differentiate themselves from competitors and remain 
competitive by identifying, creating, and capturing new value for their stakeholders 
(including the consumer/customer) and themselves. Concurrently, the dissertation adds 
to the growing body of business management research that investigates the intersections 
of IoT, BM, and BMI, as well as broader research on the DT agenda. 
 
The concluding section of this dissertation summarises the research findings from the five 
appended publications, which address the previously described research gaps. It begins 
by revisiting and connecting the research questions to the various results and findings 
presented in the dissertation. Following that, it draws on the findings/results of the 
appended publications to outline theoretical and management practise implications. 
Finally, the section concludes by outlining the study's limitations and making 
recommendations for future research. 

5.1 Answering the research questions  

The dissertation's main research question was "How is IoT influencing the adaptation or 
development of new BMs and BMI?" Three sub-questions were developed to gain a 
comprehensive understanding of the research phenomena, allowing this dissertation to 
provide an in-depth response to the primary research question. These questions were 
addressed in the five appended publications. 
 
The first sub- What are the business design and integration issues 

 is answered in the Publication 
I. A systematic literature review of existing academic papers revealed that while different 
IoT service supply chain architectures seek to address business and integration issues. 
These primarily focus on describing the different architectural layers of the chosen 
architectures from a specific industry, business process or application perspectives, or are 
proprietary models (Vishwakarma et al., 2019). To address the research question, a 
standardised IoT architectural reference typology matrix was created to explain business 
design and integration issues at each level of the IoT Service Supply Chain. According to 
the findings of the study (and in response to sub-question RQ1), the following are the key 
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business design and integration issues must address when implementing IoT BMs: (i) the 
ability to shift from a single company mentality to one that considers the entire business 
ecosystem, i.e., an individual company does not need to implement all the related IoT 
service supply system layers themselves. (ii) Collaboration among members of the 
business ecosystem, with a focus on openness, cross-company cooperation, trust, and 
compatible technologies. (iii) A willingness to engage in organisational transformation 
that is driven from the top down, i.e., initiated by top management. (iv) Technological 
integration and dependability in terms of its operational system based on its 
specifications. (v) Continual high-performance levels, implying that the IoT service 
supply system must be continuously monitored, developed, evaluated, and improved to 
meet rapidly changing user requirements at an affordable cost. (vi) Implementation of 
appropriate security and privacy protocols. Due to the intrinsic variety of internet-
connected things and their ability to monitor and operate physical objects, these protocols 
are key criteria for the IoT service supply chain. 
 
It is also important for a company to put in place systems to analyse, interpret, integrate, 
and apply massive amounts of data from each layer of the IoT service supply chain into 
every part of their operational systems to realise the enormous business potential it offers 
through BM adaptations and BMI, and to overcome traditional business design challenges 
such as overstocking, downtime delivery delays, and stock outs, which are common 
attributes of more traditional BMs. Furthermore, they can improve maintenance schedules 
and output, monitor critical processes, and better understand and serve customers (Kiel et 
al., 2017) - - -  
 
The sub-questions How are IoT capabilities influencing BM redesign and the 
emergence of new BM categories?  What type of BMs and BMI are emerging 
because of IoT use? and, how are they be  are answered in 
Publication II. The publication identifies and discusses the most common higher order 
capabilities in an IoT-PSS. These being connectivity, data management and storage, 
monitoring, data analytics, control, operations management, maintenance, 
communication, applications, and security. Each of these higher order capabilities have 
subsequent lower order capabilities. For example, process visibility, smart connectivity, 
integrating applications, real-time and analytics-based control, remote and real-time 
monitoring, and preventative and predictive maintenance, and maintaining and evaluating 
security. Combining these capabilities can enable companies to manage the inherent 
complexity of BMs described in previous studies. Together these capabilities are resulting 
in new BM categories/orientations, namely: platform based, adjusting manufacturing 
processes, tracking supply chains, and asset management, and system and communication 
security. 
 
RQ2 is also addressed in Publication III, which employs a quantitative approach to 
explore the effects of DL, and data analytics and information sharing capabilities on 
company innovativeness, sustainability, and business performance. The results of the data 
analysis and structural modelling demonstrate a mixed confirmation/non-confirmation 
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effect on the tested hypotheses. An examination of the data analytics and information 
sharing capabilities hypotheses showed that they can influence BMs (re)-design. For 
example, data analytics capabilities can allow companies to better understand 
increasingly complex and big datasets collected by digital technologies they have 
integrated into their operations and supply chain networks/ecosystems. Understanding 
these datasets can help companies to develop BMs/BMI that allow them to identify, 
create, and capture new and previously unthought of value streams. Specifically, results 
from the research modelling reveal that internal capabilities have a direct effect on 
business and innovativeness performance. Data analytics capabilities can also improve a 

 ability to explore and experiment with their BMs/BMI, which can reduce lead 
times between idea to innovation. Enabling them to seize market opportunities in dynamic 
ways before their competitors. Publication III further indicates how BMs' internal and 
external dimensions, particularly in terms of sustainability and business performance, are 
influenced by information sharing capabilities. For example, the results presented in this 
publication reveal that information sharing capabilities tend to effect accountability 
realisation more than internal analytics capabilities or DL. Implying that companies 
should incorporate information sharing capabilities into their BM design, which should 
be based on principles of transparency, traceability, and the integration of relevant and 
real-time data across their horizontal and vertical supply chains. 

Publication IV and V are conceptual book chapters, which contextualise the findings of 
Publication I, II, and III, and answer sub- What type of BMs and BMI are 

 In response 
to the research question, Publication IV proposes that IoT BMs and BMI goes beyond 
transactional interactions (product sale and, in many cases, after-market parts and service) 
to those that provide IoT-generated data, as well as the services, insights, and solutions 
that can be drawn from that data (PWC, 2017). In this context, the overarching principle 
of an IoT BM is to focus on the customer, the capture and delivery of value through the 
exploitation of the pervasive nature of the IoT, and the rapid improvement of IoT 
technologies, which enables various innovative activities and differentiated customer 
offerings and applications (Atzori, Iera and Morabito, 2010; Lu, Papagiannidis and 
Alamanos, 2018). IoT-enhanced products, services, and applications are increasingly 
being developed on a Cloud/Internet-based platform that allows for the seamless 
integration of physical devices, data storage, and data analytics into various IoT 
applications (Gubbi et al., 2013). These integrated systems can facilitate the virtualisation 
of computing resources (also known as platform as a service or PaaS) and the delivery of 
software as a service (SaaS) to end-user IoT applications (Krotov, 2017).  

The research findings demonstrate that IoT offerings and applications fall into one of two 
BM strategy categories: (i) bottom-up or sustaining BM strategies, which involve 
approaches that use IoT to improve existing products or services, and (ii) top-down or 
sustaining BM strategies, which involve approaches that use IoT to improve existing 
products or services. This necessitates an examination of existing BM properties and the 
development of new methods for improving existing processes or transactions; or 
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visionary or disruptive BM strategies, in which entrepreneurs create a new BM based on 
a vision of a world in which every object is connected to a global, ubiquitous network. 
Requiring them to consider, "What new transactions or BMs will be possible if this vision 
becomes a reality?" (Krotov, 2017). As a result, three common IoT BM/BMI types have 
emerged: (i) product-oriented, (ii) use-oriented, and (iii) results-oriented (Reim et al., 
2015). These BM types and methods can be found in companies of all sizes and across 
all economic sectors. 
 
The research findings also highlight several reasons why companies no matter their size 
should embrace IoT BM and BMI - and digitalisation in general  including, (i) strategic 
advantages gained by reinventing their business through BMI, (ii) attracting and retaining 
the best and brightest employees, and (iii) access to innovative go-to-market strategies 
that attract and retain customers. Furthermore, BMs and BMI that leverage digital 
technologies can create previously unattainable business and revenue opportunities, as 
well as new avenues for business growth. The need for companies to evaluate the need 
and ability to introduce IoT into their business and operating activities is a critical first 
step in this journey, and if the decision is 'there is a need,' they should carefully plan how 
it should be done, by whom, and when and under what circumstances. When embarking 
on their IoT journey, entrepreneurs are advised to 'think big by starting small.'  That is, 
rather than attempting to do everything all at once, the companies must be realistic about 
implementing an IoT BM and BMI and take a step-by-step approach, i.e., IoT should be 
implemented in stages, beginning with low-risk projects with clear business benefits and 
gradually becoming more ambitious as expertise, knowledge, and support grow. This 
method has a better chance of succeeding and gaining the support of more stakeholders. 
Furthermore, if an IoT BM or BMI cannot be recognised immediately, companies should 
continue to learn, experiment, and compare their outcomes to those of their peers. They 
should finally pick a convincing return-on-investment for their first IoT project and begin 
their journey. When this occurs, companies should resist the impulse to develop unique 
solutions and instead select open platforms that may be embraced by the industries and 
networks in which they operate. Furthermore, it must be versatile enough to enable rapid 
entrance into new markets as well as the integration of IoT BMs and BMI across whole 
business ecosystems. 
 
The concept of business ecosystems integration in IoT BM and BMI is a key factor in its 
successful implementation and integration in entrepreneurial activities, as IoT success is 
unlikely if a company tries to do everything themselves, regardless of its size or resources. 
This assumption is made based on the premise that most companies are unlikely to have 
access to all the resources required to implement IoT BM and BMI. As a result, companies 
of all sizes must begin assembling ecosystems of complementary partners, companies, 
organisations, and end-customers  the so-called "co-economy"  from within and outside 
the company. These ecosystems will provide them with access to complementary 
products, services, data, processes, and systems that they do not currently have, cannot 
develop, or purchase, or fall outside of their expertise. 
 



5.2 Theoretical contribution 69

Finally, Publication V considers the complementary role of AI and IoTs (AIoT) in 
improving circularity goals, as well as how implementing AIoT in companies can result 
in more efficient international business, CE BM, and BMI. In the context of this 
dissertation, the publication examines the application of IoT in a specific BM scenario (in 
practice) and discusses its capabilities and effects, rather than highlighting a variety of 
different BM types and BMI emerging because of IoT, as Publications II and IV do. It 
reflects an increasing interest in IoT BMs, which focus on business environments that 
utilise digital (IoT) technological capabilities and emphasise the significance of 
contextual concerns such as interdependencies, interactions, and collaborations that occur 
in the same innovation ecosystem and between digital technologies (Metallo et al., 2018; 
Haaker et al., 2021). Practitioners and academia can use these insights to identify and 
observe which products and/or services, as well as the larger ecosystem more thoroughly. 
It also highlights the critical role digital technologies such as IoT can play in enabling 
companies and their business ecosystems to transition to new BMs and BMIs by 
incorporating faster and more agile learning processes, as well as iterative cycles of 
designing, prototyping, and gathering feedback, all of which are required for the complex 
task of redesigning key aspects of their business and operational processes. It also 
emphasises how greater connection through AI and IoT-enabled devices may help 
companies track and collect data across all supply chain activities, which can then be used 
to enhance BMs and BMI. 

This publication demonstrates how companies use IoT in practise to collect data from 
product use phases in order to continuously enhance product design, such as boosting 
product longevity and modifying BM and BMI based on market preferences (Bressanelli 
et al., 2018). Furthermore, it discusses how digital components in products allow for 
product upgradability and the addition of new functionality, potentially prolonging the 
device's duration (Pialot, Millet and Bisiaux, 2017). IoT also allows for the monitoring of 
product condition, location, and status, allowing for the sharing of products across 
multiple users. Data from used items can be utilised to improve recovery tactics such as 
re-manufacturing, reusing, and recycling (Alcayaga, Wiener, Hansen, 2019). 
Furthermore, accurate predictions of a product's usable lifetime aid in identifying the best 
remanufacturing time for a certain product and can improve remanufacturing profitability 
(Ingemarsdotter, Jamsin and Balkenende, 2020). RfID tags in items can boost recycling 
efficiency while also improving material composition information to build economical 
recycling recovery procedures (Denuwara, Maijala and Hakovirta, 2019). Finally, while 
there is no doubt that IoT provides tremendous benefits and value to companies, the 
publication claims that its full potential can only be realised when combined with other 
smart digital technologies. It argues, for example, that in this environment, deciphering 
the rich data created by IoT devices is heavily reliant on AI's analytic capabilities. 

5.2 Theoretical contribution 

The findings of this dissertation contribute to the extension of existing research on IoT 
BMs and BMI. It focuses on the current landscape of IoT BM and BMI, as well as the 
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impact of IoT affordances and capabilities on their evolution. This contribution is based 
on the assertions made in Section 1.1 of this dissertation. To date, there has been little 
research on an integrated approach to business and operational design issues at the 
intersection of IoT, BM, and BMI, as well as associated technological affordances and 
capabilities from a multi-dimensional and service perspective (Leminen and Wendelin, 
2018). This lack of research is a barrier for both academia and practitioners because it 
limits their understanding and ability to leverage IoT, develop associated technological 
affordances and capabilities, and adapt elements of existing BMs through BMI or develop 
entirely new BMI due to these (Rönnberg Sjödin, Parida and Kohtamäki, 2016; Sjödin et 
al., 2020; Linde et al., 2021) . 
 
Against this backdrop, this dissertation is guided by the goal of bringing together three 
research streams: IoT, technology affordances and capabilities, and BM and BMI; by 
expanding on existing research and integrating theoretical underpinnings from these 
research streams into a single study. Previous technological advancements, such as the 
widespread use of personal computers, mobile/smart devices, the internet, and software 
such as enterprise resource planning (ERP), have demonstrated that the technological 
affordances and capabilities enabled by these technologies can have a significant impact 
on a company's ability to identify, create, and capture value via BM and BMI  (Atzori, 
Iera and Morabito, 2010, 2017; Teece, 2010; Leminen et al., 2012, 2020; Gubbi et al., 
2013; Borgia, 2014; Lu, Papagiannidis and Alamanos, 2018; Osako et al., 2019; Frank, 
Dalenogare and Ayala, 2019; Sony and Naik, 2020; Jovanovic, Sjödin and Parida, 2021; 
Martens et al., 2021). The ability to identify and describe IoT technology affordances and 
capabilities enables the identification and resolution of business design and integration 
issues that IoT may create (Publication I), as well as appropriate responses through the 
adaptation of BMs and BMI. Building upon previous works on these issues, this 
dissertation draws on literature on BM, systems, technology capabilities, and affordances 
to create concrete and meaningful contributions to the evolution of the emerging IoT BM 
and BMI literatures, as explained in the following paragraphs. 
 
First, using a systems theory approach (Publication I), this dissertation provides a 
description of the layers and typology of IoT services supply chains, which can assist 
practitioners and academics in better understanding and appreciating the true meaning 
and benefits of the IoT at each layer of its architectural decomposition, from a business 
design and BM perspective. This business design and BM perspective is largely ignored 
in existing theoretical contributions, which frequently approach the phenomena from an 
application, technology, or specific types of communication media perspective, or are 
proprietary model perspectives (Atzori, Iera and Morabito, 2010; Gubbi et al., 2013; 
Westerlund et al., 2014; Lee and Lee, 2015; Leminen and Wendelin, 2018). Furthermore, 
systems theory is used in Publication I to expand on the limited business and 
organisational academic literature on IoT, BM, and BMI by developing a comprehensive 
IoT typology matrix. This typology matrix, presented in the form of intellectual 'bins,' 
critically explains the service design and integration issues that may arise when 
considering adapting elements of an existing BM redesigning or undertaking BMI while 
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factoring in the affordances and capabilities associated with IoT, which is lacking in 
existing literature (Johnson and Christensen, 2008; Gassmann, Frankenberger and Csik, 
2014). 

Second, this research expands IoT BM and BMI theory by defining and addressing 
capabilities from an IoT perspective through examining BM, DL, IoT, PSS and 
technological capability literature (publication II and III). Research from these 
perspectives has remained vague to date, highlighting the necessity for more in-depth 
qualitative investigations that can assist establish a detailed understanding of 
technological competence requirements in the digital era (Hasselblatt et al., 2018; 
Kohtamäki et al., 2020; Nasiri et al., 2020). Specifically, those capabilities necessary for 
the development of IoT BMs and BMI. This dissertation illustrates how breaking down 
an IoT application scenario into its fundamental capabilities provides major insights into 
how to cope with the inherent complexity of BMs, which has been noted in previous 
publications (Paiola and Gebauer, 2020; Nair and Blomquist, 2021).  

Third, building on previous contributions, this dissertation discovered connectivity to be 
the most prominent IoT technology capability. This discovery is not surprising given that 
connectivity has previously been highlighted as a critical component for system-level 
smartness in BMs that use IoT-PSS (Langley et al., 2020). By focussing on the role 
connectivity in IoT BMs we extend existing IoT, BM and BMI literature by describing 
the affordances that IoT provides companies and its subsequent effect on BM adaption 
and BMI in an environment characterised by increased connectivity (publication IV and 
V). Explicitly, this dissertation contributes  to the nascent literature on IoT affordances 
and capabilities (Zammuto et al., 2007; Markus and Silver, 2008; Majchrzak et al., 2013; 
Strong et al., 2014; Nambisan, 2017; Autio et al., 2018; Sony and Naik, 2020; Belitski, 
Korosteleva and Piscitello, 2021; Liu et al., 2022), and more broadly to BM and BMI 
literature (Osterwalder and Pigneur, 2010; Bucherer and Uckelmann, 2011; Zott, Amit 
and Massa, 2011; Bucherer, Eisert and Gassmann, 2012; Leminen et al., 2012, 2018, 
2020; Westerlund et al., 2014; Atzori, Iera and Morabito, 2017; Tesch, Brillinger and 
Bilgeri, 2017; Foss and Saebi, 2017; Massa, Tucci and Afuah, 2017; Massa, Viscusi and 
Tucci, 2018; Sjödin et al., 2020; Kamalaldin et al., 2020). This contribution is made by 
providing descriptions of service-oriented BMs and BMI, and the associated value 
identification, creation, and capture mechanisms that emerge from companies 
approaching IoT from a multidimensional and service perspective, as well as examples 
of them in action (Publications II, III, IV and V). As a result, a theoretical gap in the 
overall understanding of BM based on IoT affordances and capabilities from a 
multidimensional and service perspective is addressed (Leminen and Wendelin, 2018), 
and paves the way for future empirical studies (Zammuto et al., 2007). BM and BMI that 
leverage IoT affordances and capabilities can lead to improved BMs for "smart products" 
(Pardo, Ivens and Pagani, 2020), "digital servitization" opportunities (Gebauer et al., 
2021; Favoretto et al., 2022), and, finally, broad automation and optimisation of 
production and service systems  (Michelsen et al., 2021). 
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Finally, this dissertation adds to the body of knowledge about BM and BMI by providing 
a critical analysis and description of BM and BMI types that are emerging due to IoT's 
increasing integration into companies' business and operational structures (Publications 
II, IV, and V). As well as their subsequent influences on value identification, creation, 
and capture in specific scenarios (Publications IV and V). Specifically, (i) the 
implications of IoT BM and BMI on entrepreneurial activities, and (ii) IoT BMs and BMI 
as a catalyst for the transition to a more circular economy in international business. In the 
first scenario, this dissertation adds to the existing IoT, BM, and BMI literature by 
addressing an often-overlooked segment of the business community in IoT, BM, and BMI 
research  entrepreneurs. Existing theoretical contributions, as discussed throughout this 
dissertation, frequently approach the phenomena from an application, technology, or 
specific types of communication media perspective, or are proprietary model perspectives 
(Atzori, Iera and Morabito, 2010; Gubbi et al., 2013; Westerlund et al., 2014; Lee and 
Lee, 2015; Leminen and Wendelin, 2018). Ignoring the impact of IoT BMs and BMI on 
entrepreneurs is a critical oversight, given their importance in accelerating economic 
growth through the creation of new PSSs that stimulate employment and economic 
development. As such, this dissertation provides a foundation for the growth of 
entrepreneurial IoT BM and BMI development by raising awareness of the key factors 
and implications associated with this phenomenon. The second scenario shows how IoT 
combined with AI (AIoT) may assist international companies in gaining meaningful 
insights into their environmental impacts by transferring, storing, and analysing CE 
indicators, allowing them to set targets to construct a more CE. While the value of IoT 
and AI in the context of CE and international business has been investigated and discussed 
individually, the combination of these two technologies remains an unexplored topic. To 
fill this knowledge vacuum, this dissertation defines AIoT as a CE enabler in an 
international business environment, with a focus on global value chains and business 
ecosystems. 

5.3 Managerial implications 

In addition to the theoretical contributions, this dissertation offers pragmatic guidelines 
for practitioners and managers. To begin, by proposing a unified typology matrix for IoT 
that identifies the key critical business design issues that must be addressed within each 
layer and supporting gateway of the IoT architecture  referred to as the IoT service 
supply chain in Publication I  enables practitioners and managers to identify the key 
business design issues they need to be aware of and address when integrating IoT 
affordances and capabilities through BMI. This knowledge can facilitate the 
identification, creation, and capture of value for themselves and their interested 
stakeholders and advance international activities through previously accessible means. At 
the same time, this knowledge can enable them to put measures in place to mitigate the 
impact of any potential negative consequences associated with IoT e.g., privacy issues 
and perceived over-reliance on technology. Specifically, this dissertation provides a 
description of the properties of the system itself rather than its individual parts in isolation 
by accounting for the characteristics of the individual layers of the IoT architecture and 
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their interactions from a systems theory perspective. The use of concrete example cases 
in Publications II, IV, and V also lays the groundwork for developing new and compelling 
value propositions. This knowledge can help practitioners improve their BM(s) or 
conduct BMI, which leads to improved PSS offerings and business relationship decisions 
by contextualising how IoT can deliver more efficient and new value streams in relation 
to business objectives set out in existing BMs.  
 
This dissertation informs practitioners on the types of capabilities (Publication II and III) 
that they are likely to require and their effects, when developing IoT BMs in a variety of 
operational scenarios. Allowing them to realign their current structure and culture. As 
well as examine which competences they already have or need to build within their 
companies, as well as those that may be obtained from external networks. It also includes 
detailed discussions and examples of how IoT and its integration with other digital 
technologies, such as AI. This information can be used to address major sustainability 
issues (social, economic, and environmental) (Publication V) and emerging megatrends 
such as digital technology's embeddedness in everything. While increasing awareness of 
the need for and how to adapt BMs and BMI to address rapid changes in future business 
and economic landscape. Specifically, significant changes in work and consumption 
patterns, and the critical role of entrepreneurship in accelerating economic growth and 
job creation (Publication IV) in times of significant economic and operational disruption. 
These changes have increased in frequency in recent years because of the rapid emergence 
and development of smart digital technologies such as IoT, that are radically and 
permanently changing the way all businesses operate. 

5.4 Limitations and suggestions for future research 

The results of Publication I are limited by the fact that they are based solely on a 
systematic literature review. While a systematic literature has the advantage of employing 
a replicable and transparent peer-reviewed protocol, as is the case in Publication I. They 
are limited by factors such as the summary/conclusions presented in such reviews, and 
meta-analysis of the literature is only as dependable as the methods and protocols put in 
place by the researcher(s). Additionally, they can be biased if the selection or emphasis 
of certain primary studies is influenced by the researcher(s) or funding sources. Future 
research should focus on providing primary empirical evidence of how a standardised IoT 
architecture can be applied across multiple business sectors and scenarios, such as supply 
management, smart living, and healthcare; to strengthen the results and extend 
understanding of the issues discussed in this publication. Industry standards are typically 
sector specific. However, with the modern economy's increasing cross-border nature, 
fuelled by innovations such as IoT, a better understanding of how standards can be applied 
across multiple divergent fields is critical information. 
 
Publication II adds to the body of knowledge on IoT-enabled companies by presenting 
findings that link IoT-PSS and the capabilities required to address IoT-based business 
concerns. This publication is limited by the fact that the examples that were used could 
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not fully address major portions of the research issue, such as testbed performance 
measurement in monetary terms, which is a study weakness. Future research might look 
at IoT value creation and capture from the perspective of the supply chain to better 
understand the implications and skills needed by each IoT-PSS ecosystem member. 
Furthermore, from a technology business perspective, it would be interesting to analyse 
competitive industry positioning in each component of the IoT architecture, to 
comprehend the motivations for the development and upkeep of IoT BMs. 

Publication III contributes to the literature on IoT and BM and BMI, by examining the 
effects of DL, and the specific IoT enhanced capabilities of information sharing and data 
analytics on business, innovativeness, and sustainable performance using quantitative 
techniques. Whilst this approach to research is crucial in the context of this dissertation 
as it allows for a more generalised and broad understanding of how IoT and the 
capabilities it affords effect company performance. There are several limitations to the 
research presented in this publication namely the sample size and demographics of 
Finnish subsidiaries of global companies, companies headquartered in Finland, and 
medium-and large-sized companies. This sample size and demographics could have 
resulted in the non-effect results of the tested hypotheses. Future research could be 
extended to include smaller companies where the effects of DL and capabilities are often 
different and could result in alternative testing results. Furthermore, research in 
comparing the impact of DL and capabilities in different geographic regions, and different 
company types could provide valuable insights and learning for academia and 
practitioners. An interesting future research topic would be to examine in more detail the 
strategies and practices used by companies to create different performance and value 
through IoT and other digital technologies. Finally, research on the effects of DL on 
additional digital capabilities, such as ICT proficiency and productivity and digital 
creation and its subsequent performance, could provide additional valuable knowledge 
on this important phenomenon. 

Publication IV and V contribute to the literature on IoT BM and BMI practical application 
and future development in areas of significant sustainability impacts - entrepreneurship, 
international business, and the circular economy. Both publications are conceptual in 
nature and use case examples to substantiate the results and discussions resulting from 
the observation and analysis of existing information on the research phenomenon. Whilst 
this type of review allows a researcher to have more flexibility, and creates the potential 
for individual and original insights, and opportunities for speculation Permitting the 
generation of a wider and more synthesis picture of existing research on a phenomena 
than most quantitative approaches (Green, Johnson and Adams, 2006; Allen, 2017). They 
can be limited by the fact that they are frequently too subjective to a researcher's biases 
in determining which ideas or concepts to include in their research. Data gathering in 
these types of review also frequently employs non-replicable in their data gathering 
techniques, the way studies are analysed, and the way conclusions are drawn (Tranfield, 
Denyer and Smart, 2003; Allen, 2017). Additionally, conceptual research can be accused 
of a lack in thoroughness, researcher bias, and lack of rigour To some extent, these 
limitations were mitigated by the fact that data that served as the foundation for these 
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publications were gathered as part of the systematic paper collection described in 
publications I and II (Tranfield, Denyer and Smart, 2003; Denyer and Tranfield, 2009; 
Allen, 2017). However, to strengthen the results and discussions in these publications 
future qualitative empirical research, including case studies, company interviews and/or 
questionnaires will allow the conclusions drawn in these publications to be assessed more 
rigorously. It will also facilitate the gathering of first-hand knowledge from those 
experiencing the effects of IoT BMs and BMI  the companies, their partners, and the 
consumer   

5.5 Conclusions 

As one of the key DT technologies, IoT as a series of technological and other components 
can bring enormous long-term benefits to companies who are able to successfully 
integrate them into their internal and external managerial and operational processes and 
embed them into new and more flexible BMs or the modification of existing ones through 
BMI. As et al. (2022) 

s through data 
generated by digital technologies. This effort should include (a) leveraging data-driven 
processes by focusing on monitoring, optimisation, and organisational responsiveness, 
(b) approaching BM transformation that exploits the interconnection and interdependence 

design issues, capabilities, and the types of BMs and BMI that are emerging because of 
IoT. It also sets a platform and agenda on which to build further research in this rapidly 
developing field of management research.
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