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Abstract 

Smartness, which is emerging as a desirable attribute of governments, cities, and 

communities, has received heightened attention from researchers and 

practitioners. Smartness is a technology-centric view in which it is postulated that 

the public sector can become more resilient by adopting emergent technologies 

that improve efficiency, equality, citizen-centricity, transparency, collaboration, 

and security, thereby shaping the public sector to meet new demands and 

expectations. However, this novel technology carries several risks. The public 

sector may downplay the risks of implementing new technologies and the 

subsequent changes required for its transformation. Consequently, a more 

nuanced view is required to understand how the public sector can implement new 

emergent technologies.  

The Internet of Things (IoT) has been a significant force behind the push for 

smartness in the public sector. IoT is considered as the next radical evolution of 

the Internet towards a network of connected physical objects that enable 

interaction and data collection from the physical world, thereby providing data 

analytics and improving service delivery. Indeed, the development and use of IoT 

have exploded across the globe, affecting individuals and their interaction with 

their surroundings, as well as the manner in which businesses and governments 

operate. Unfortunately, limited information systems research on the 

transformational power of IoT technologies has been conducted. Therefore, it is 

necessary to understand how IoT can enable a smarter public sector. Although 

there is no doubt that IoT technologies can enable smart cities, the use of the 

technology by the public sector to reap the benefits thereof has not been studied 

sufficiently. The aim of this research is to offer insight into the use of IoT at the 

local government level and to conceptualise the created smartness. 

This dissertation consists of a cover paper and a collection of four research papers 

that are appended to the dissertation. Each research paper contributes to a better 

understanding of IoT, its applications, and its benefits for public sector 

smartness. Two multi-site case studies were conducted on IoT use within the 

public sector in Northern Europe to provide further insight. 

This research outlines the areas of IoT implementation in the public sector in 

Northern Europe. Several key application areas exist within the smart city sphere, 

in which IoT is widely used to enable smartness. Transportation and 

infrastructure are the most prevalent application areas for IoT, with more than 

half of the participating municipalities applying IoT. However, other areas of 

critical public services, such as education or care and support, lack IoT solutions. 

The findings demonstrate that the expected results and wide-scale IoT adoption 
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differ significantly from the results of previous theoretical research, and that IoT 

systems do not meet public sector needs, particularly sectoral needs. 

The research concludes that the public sector is in its early stages of IoT 

implementation, namely exploring, prototyping, and piloting. Therefore, it is 

essential to provide solutions that satisfy the basic requirements of the public 

sector to support the use of IoT in the public sector and to transition towards 

smartness. However, this is complicated by the broad spectrum of conditions in 

which local governments find themselves, and no unique paradigm of smart city 

evolution exists.  

Furthermore, the study highlights the transformative potential of IoT in the 

public sector by identifying four distinct means by which IoT enables a smarter 

public sector: an increase in contextual awareness, the possibility of data-driven 

value creation, the reimagination of organisational structures, and innovation-

oriented financing. The findings suggest that IoT enables smartness, provides 

both internal and external benefits, and is created through a combination of 

technology, people, and organisations. Furthermore, the smartness framework 

allows for the identification of the specific outcomes of applying emerging 

technologies to public services.  

Finally, this study demonstrates ethical perspectives relating to IoT in the public 

sector that must be considered and proposes means of addressing them. That is, 

it is proposed that it is crucial to concentrate on purpose limitation, data control, 

and data management to address the restrictions relating to ethics. In this 

manner, the study contributes to the discourse on ethics by suggesting practical 

methods for addressing ethical perspectives arising from IoT. 
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Chapter 1  

Introduction  

1.1 Background and research question 

Smartness, which has recently emerged within the public sector as a desirable 

characteristic of governments, cities, and communities, has received substantial 

attention from researchers and practitioners (Gil-Garcia, Zhang & Puron-Cid, 

2016). Smartness can take many forms, including smart technologies (Lopez-

Quiles & Bolivar, 2017), smart cities (Batty et al., 2012), smart villages (Visvizi & 

Lytras, 2018b), smart governance (Bolivar & Meijer, 2016), and smart 

collaboration (Pereira et al., 2017). The concept of smartness reflects a 

technology-centric view in which the public sector becomes more resilient by 

adopting emergent technology that provides efficiency, growth, transparency, 

collaboration, and security (Haarstad, 2016; Trencher, 2019). Smartness 

encompasses the optimistic view that IT can help to shape the public sector and 

achieve its goals. However, such a perspective carries certain risks. The public 

sector may downplay many of the disadvantages of implementing new 

technologies and the changes that are required to transform the public sector 

(Begg, 2002). As a result, a more nuanced view is necessary to understand the 

manner in which the public sector can implement new emergent technologies. 

A major force behind the push towards smartness is the different digitalisation 

initiatives within the public sector that have been described using various 

concepts, such as government computerisation, informatisation, e-government, 

digital government, online government, e-gov, e-services, and e-democracy. In 

this case, 'e-' or 'digital-' refers to the electronic or digital component of the 

initiative, and the use of information and communications technologies (ICT). 

During the past decade, increased focus has been placed on understanding the 

smart city concept and its different components, as illustrated by the 

unprecedented growth in smart city projects, the rising use of new emergent 

technologies, and a focus on smartness (Nam & Pardo, 2011). However, a smart 

city is only one concept and focus area; similar emphasis can be placed on smart 

villages and megacities, as smart city research can be scaled to other public sector 

contexts (Visvizi & Lytras, 2018b). One emergent technology that is being used 

increasingly by local governments for smartness is the Internet of Things (IoT) 

(Jin et al., 2014).  

IoT is considered as the next radical evolution of the Internet into a ubiquitous 

network of interconnected sensor-based objects that enable the interaction and 

collection of data from the physical world, and provide means for data analytics 



 

2 

and service delivery (Jin et al., 2014). The development and use of IoT have 

expanded significantly across society, affecting the environment, how individuals 

interact with their surroundings, and how businesses and governments operate 

(Granath, 2016). The European Commission envisions IoT as an indispensable 

component for transforming society and economy, and forecasts that the market 

value of IoT globally will be between three and nine trillion euros, accounting for 

11% of the world economy (European Commission, 2015; European Commission, 

2021c; McKinsey, 2015). IoT allows the collection and integration of data into 

different services such as waste management, public transportation, fleet 

management, road maintenance, manufacturing, farming, water management, 

wearables, healthcare, and social services. Consequently, IoT is affecting society 

profoundly and is gradually causing a paradigm shift in how services are 

delivered, as well as how different objects and people are connected. The public 

sector, in which one quarter of all IoT solutions are expected to be consumed, is 

significantly affected by IoT (GrowthEnabler, 2017). Recent research has 

demonstrated that IoT is likely to affect all public services and can significantly 

improve delivery, efficiency, and quality (Tomar & Kaur, 2019) by providing easy 

generation of and access to data, thereby making services more responsive and 

accessible to citizens (Saarikko, Westergren & Jonsson, 2020). It is not surprising 

that there has been increasing interest from the public sector to implement IoT 

and to make it a key investment priority (IDC, 2017). 

Innate logic tells us that if we continue to invest in something, it must create 

value. As an extension of this reasoning, if we continue to invest in IoT 

technologies, value must be created. Agarwal and Lucas (2005) argued that it is 

crucial to show and understand the transformational impact of the technology on 

business, society, and the economy. Therefore, it is necessary to understand how 

IoT enables a smarter public sector, the explicit and hidden roles of IoT in value 

creation, and how and where innovation occurs. Unfortunately, limited 

information systems (IS) research has been conducted on the transformational 

power of IoT technologies. Earlier research explored technical solutions, business 

potential, and visions for how the public sector could implement IoT technologies 

(e.g., Zanella et al., 2014; Wielki, 2018). However, few empirical studies have 

focused on the transformational role of IoT technologies in the public sector. 

Although there is no doubt that IoT technologies can enable smarter cities, there 

is a lack of understanding of how the public sector can use the technology to reap 

the benefits thereof. To better understand how the application of IoT technologies 

can contribute to public sector smartness, it is necessary to 1) draw upon multiple 

cases and contexts as opposed to individual cases, and 2) investigate the actual 

use and value of IoT rather than the intention to use IoT and its hypothetical value 

(Hedlund, 2020). As a result, this study offers a broader perspective on how local 

governments of different sizes use IoT and how it enables further smartness. To 

facilitate a systematic approach to studying the application of IoT technologies, 



 

3 

the research focused on IoT use within the public sector in Northern Europe. To 

this end, this dissertation pursues the following research question:   

How is IoT applied within the public sector, and how does it contribute to public 

sector smartness?  

To answer the above research question, two multi-site case studies were 

conducted on IoT use within the public sector. Based on these two multi-site case 

studies, I have written four research papers, each of which tackles a research 

question that contributes to a better understanding of how IoT is applied within 

the public sector and how it contributes to public sector smartness. 

The first paper investigates public value creation through IoT technologies within 

the public sector. To understand the impact and usefulness of implementing IoT 

technologies, the research focuses on implemented projects, separating fads from 

reality. Extensive qualitative research was conducted on 46 municipalities in 

Estonia. This study provides an overview of the areas of the public sector in which 

IoT has been implemented and presents how IoT enables a smarter public sector, 

the public value that it creates, and the negative aspects of IoT-based public value 

creation mechanisms. The research argues that although IoT technologies enable 

a smarter public sector and create public value, the opposing needs of different 

stakeholders could negatively affect municipalities. The study demonstrates that 

the use of IoT technologies can ensure a smarter public sector through increased 

efficiency, effectiveness, transparency, and collaboration. IoT has enabled a shift 

in value creation with other smartness dimensions, such as transparency and 

collaboration, gaining increased presence, instead of the typical efficiency and 

effectiveness. Consequently, IoT has improved the public sector far more than the 

expected improvement typically resulting from ICT. However, the research 

highlights the need to study how the public sector can leverage IoT technologies 

to reap more benefits than the simple automation of work processes. 

The second research paper focuses on understanding where IoT is applied in the 

public sector, as well as how it can support the innovation and development of 

new business models and processes, thereby enabling smarter cities. The study is 

based on extensive qualitative research that was conducted on 337 municipalities 

in Denmark, Estonia, Finland, Norway, and Sweden. The research identifies 

seven application areas in which the public sector has implemented IoT. The 

study also demonstrates how IoT enables a smarter public sector through 

increased contextual awareness, data-driven value creation, the reimagination of 

organisational structures, and innovation-oriented financing. Based on the 

findings, the research concludes that public sector organisations must challenge 

their current work practices to reap the benefits of IoT. Furthermore, the research 

demonstrates that digital transformation that is enabled by IoT often involves 
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radical rather than incremental changes, which, in turn, requires the technology 

to be fully integrated into processes and services, and to be aligned with socio-

cultural expectations (Velsberg, Jonsson, Westergren & Saarikko, 2021). 

Substantial support and commitment must be received from various 

stakeholders, who must clearly understand how emerging technologies may 

create value, to enable a smarter public sector. 

The third research paper builds on the previous two and concentrates more on 

the role of IoT technologies in public sector service innovation and the transition 

to smarter services. To this end, my colleagues and I studied how 30 Estonian 

municipalities have used IoT technologies to create and deliver smart winter road 

maintenance services. We used a smartness framework to examine the 

consequences of IoT-based innovation on winter road maintenance services 

(adapted from Nam & Pardo, 2014). The smartness framework used in the study 

consists of four smartness dimensions: efficiency, effectiveness, transparency, 

and collaboration, which have internal and external perspectives. The smartness 

framework provides comprehensive metrics for exploring how IoT in public 

services contributes to public sector smartness. Our findings suggest that IoT 

enables public sector innovation and that the realisation of smartness in public 

sector innovation requires a combination of technology, people, and 

organisations. Consequently, sufficient management capabilities, robust 

technology strategies, and willingness to explore and adopt new work practices, 

rather than simply implementing new and emerging technologies, are required 

for smartness in public sector innovation (Velsberg, Westergren & Jonsson, 

2020). Finally, we demonstrate how the dimensions of efficiency, effectiveness, 

collaboration, and transparency are valuable in identifying the specific outcomes 

of applying emerging technologies to public services. 

The final research paper discusses the ethical perspectives of IoT and how the 

public sector can address these ethical issues efficiently. The study was based on 

extensive qualitative research on 30 Estonian municipalities and private 

contractors using IoT to deliver smart winter road maintenance. The ethical 

perspectives outlined by Caron et al. (2016) are used to examine the perceived 

ethical perspectives related to the use of IoT devices. The research findings 

expand on existing studies by describing ethical issues relating to the use of IoT. 

According to these findings, confidentiality and privacy are overlooked, and 

require further attention from researchers and practitioners. The study 

demonstrates that accuracy and privacy are the most common ethical issues 

related to IoT in winter road maintenance and require further investigation. It is 

crucial to concentrate on purpose limitation, data control, and data management 

to address ethical issues. The purpose limitation principle states the need to 

outline the exact reason for data collection and how the data are later used. Data 

control states the need for clear rules and agreement over data accessibility, 
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control, infrastructure, and security. Moreover, it is crucial to establish agreed-

upon data management practices to ensure the understanding and quality of the 

data. 

1.2 Outline 

This dissertation consists of a cover paper and four appended research papers. 

The cover paper consists of eight separate sections. Chapter 2 introduces related 

research and defines the area in which smartness is studied: IT in the public 

sector, the smart public sector, and IoT. Chapter 3 presents the theory and 

framework of the concept of smartness. Chapter 4 outlines the research context 

and Chapter 5 presents the research methodology. The summaries and 

contributions of the research papers are provided in Chapter 6. Chapter seven 

presents the results of this study. Finally, Chapter 8 presents the conclusions and 

offers suggestions for further research. 
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Chapter 2 

Related Research 

2.1 IT in the public sector 

It is widely acknowledged that IT changes how public sector organisations 

operate, deliver public services, and manage public assets (Dawson and Desouza, 

2016). Numerous examples can be provided of how technological advancements 

have led to the transformation of public sector organisations. These 

developments have generated interest in e-government, digital government, 

government computerisation, informatisation, and m-government (Chopra, 

2014). All of the previously mentioned concepts have been used to capture and 

describe various digitalisation initiatives and interests within the public sector, 

which have typically reflected advances in ICT. A report by the European 

Investment Bank (2021) indicated that public sector use and reliance on IT 

continues to increase. Over the past 3 years, 70% of European municipalities have 

increased their investment in ICT (European Investment Bank, 2021). All trends 

indicate that public sector reliance on IT grows throughout the foreseeable future 

(Dawson, Denford & Desouza, 2016). 

However, it is crucial to bear in mind that IT does not create value in itself and is 

simply a means of achieving value. Therefore, IT must be managed and leveraged 

effectively to achieve organisational goals and objectives (Dawson, Denford & 

Desouza, 2017). IT governance plays a significant role in ensuring the attainment 

of organisational goals and objectives, and consequently, business and IT fusion. 

IT governance is a complex endeavour in which various structures, processes, and 

relational mechanisms are used to develop, direct, and control IT use; for 

example, developing and implementing IT strategies and determining resource 

allocation (De Haes & Grembergen, 2004). IT governance is a set of formal 

processes that is aimed at balancing the risk and return of investments in IT and 

creating value for public organisations (Campbell, McDonald & Sethibe, 2009). 

In a broader sense, IT governance encompasses developing IT strategies, 

assessing organisational needs and the impact of IT, developing relevant skills 

and know-how, safeguarding the interests of internal and external stakeholders, 

and aligning IT with organisational needs (Campbell, McDonald & Sethibe, 

2009). Although IT governance is similar across the private and public sectors, 

several unique characteristics exist. The culture within public sector 

organisations is known to be more risk averse (Bozeman & Bretschneider, 1986). 

The public sector faces more difficulties in resourcing and budget allocation, has 

more intangible and conflicting goals, is less affected by cyclical movements in 

the economy, and has stakeholders with competing interests (Campbell, 

McDonalld & Sethibe, 2009). In contrast, private sector organisations focus on 
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maximising profits, are driven by market signals and economic feasibility, and 

are more susceptible to cyclical movements in the economy (Campbell, 

McDonalld & Sethibe, 2009). Consequently, Bozeman and Bretschneider (1986) 

argued that public and private sector organisations require different approaches 

to IT. For example, Dawson, Denford, and Desouza (2017) hypothesised that it 

may actually be harmful for a public sector organisation to focus on increasing 

profits, and thus, a one-size-fits-all approach is inappropriate. 

Although public organisations are more risk averse, and thus, manage innovation 

and invest in IT governance, studies have demonstrated that most IT projects 

either stall or fail to produce value (Goldfinch, 2007). Such project failures have 

long been shown to lead to high costs. For instance, in the United States of 

America, over 200 billion US dollars incurred no meaningful returns (Goldfinch, 

2007). As a result, public sector innovation has attracted increasing interest 

(Sorensen & Torfing, 2012). Innovation refers to the generation and adoption of 

new ideas or behaviours relating to a product, service, or new technology 

(Denford, Dawson & Desouza, 2016). In general, innovation can be described as 

the creation and adoption of new products, services, or processes (Tidd & 

Bessant, 2013). However, a closer inspection of innovation reveals micro-and 

macro-processes through which agents, organisations, institutions, and the 

economy are transformed by the effects of a novel idea (Dodgson & Gann, 2010). 

Innovation is often viewed as key to success for private businesses as it helps to 

cut costs, improves their products and services, and opens new markets 

(Sorensen & Torfing, 2012). If private businesses fail to innovate, they face going 

out of business. However, scepticism exists regarding the capacity for innovation 

in the public sector.  

Public sector innovation is considered to be different as it typically involves a lack 

of economic incentives, organisational silos, and political decision-making, which 

tends to stifle innovation (Halvorsen et al., 2005; Sorensen & Torging, 2012). The 

decision to introduce innovation into the public sector trickles down to various 

government departments and local government organisations for development 

and implementation. This increases the workload of an already stressed 

organisation that predominantly seeks stability and operates to avoid disaster 

rather than to create value (Potts & Kastelle, 2010). Therefore, it is not surprising 

that there has been substantial doubt concerning the capacity of the public sector 

for innovation (Sorensen & Torfing, 2012). Nevertheless, the public sector is more 

innovative than its reputation indicates (Hartley, 2005; Mulgan & Albury, 2003). 

Previous studies have revealed that the public sector represents a large arena for 

innovation and that IT solutions have been critical to the success of numerous 

such innovations (Dawson, Denford & Desouza, 2016). However, leaders in the 

public sector have concluded that the public sector cannot address complex 
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problems simply with money or standard IT solutions owing to the involvement 

of many stakeholders (Krishnamurthy & Desouza, 2014). 

Indeed, the public and private sectors may follow significantly different 

innovation trajectories; for example, regarding initiation, value creation, and 

evaluation (Dawson, Denford & Desouza, 2017). Public sector innovation is more 

ambiguous than that of the private sector, and is typically concerned with 

widespread governance and service performance improvements to increase 

public value (Hartley, 2005). Public actors implement new IT solutions with the 

aim of performing tasks more efficiently, which is a central tenet in the strategies 

of smart governments (Mellouli, Luna-Reyes & Zhang, 2014; Kliksberg, 2000), 

smart governance (Gil-Garcia & Aldama-Nalda, 2013; Scholl & AlAwadhi, 2016), 

and smart cities (Anthopoulos & Reddick, 2016; Nam & Pardo, 2014). Smart 

government/governance is generally described as the next step in government 

transformation, whereas the smart city concept encompasses innovative 

approaches to providing public services within the local government 

(Anthopoulos & Reddick, 2016). These concepts characterise the ambitions of 

local and central governments to combine ICT and people to enhance innovation 

as well as transform life and work (Komninos, 2002). Consequently, smart cities 

are one means of addressing how IT use in the public sector creates value, 

leverages existing services, and changes work practices. 

2.2 Smart public sector 

In the past two decades, the concepts of 'smart city', 'intelligent city', 'smart 

village', and even 'creative city' have become popular in research and practice for 

capturing the development and progress of local governments (Albino, Berardi & 

Dangelico, 2015). However, the term 'smart city' is most commonly used to 

characterise the ongoing transformation of the local government to meet the 

needs of users through the realisation of emergent and intelligent technologies 

(Nam and Pardo, 2011). Smart city denotes an instrumented, interconnected, and 

intelligent city (Harrison et al., 2012), in which 'instrumented' refers to the real-

time collection and processing of data through IoT, 'interconnected' refers to the 

integration and communication of data across various systems and services, and 

'intelligent' refers to the analytics and visualisation of the collected and processed 

data (Harrison et al., 2012). In a broader sense, these labels refer to new 

socioeconomic environments in which citizens, the private sector, and local 

governments can easily access public services (Letaifa, 2015). The need to 

improve public service delivery has arisen owing to the high level of urbanisation, 

which places an additional burden on urban areas to provide public services to an 

increased number of citizens with limited resources. Furthermore, urbanisation 

creates an additional burden on rural areas that must provide services with fewer 

resources because of diminishing citizens and tax revenues. Rapid advancements 
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in and increased utilisation of IT have become the norm in developing the public 

sector (Lee & Lee, 2014). Therefore, urbanisation, rapid technology development, 

and the need to balance social development and economic growth are considered 

as the main drivers of interest in smart cities (Letaifa, 2015).  

Smart city research, which has become prominent, is scalable and can be 

employed in contexts as diverse as megacities and rural municipalities because of 

similarities in the focus, objectives, and scope (Visvizi & Lytras, 2018b). Indeed, 

smart cities have received considerable interest from both academia and 

practitioners (Letaifa, 2015). Based on a literature review, Hollands (2008) 

proposed that a smart city can be defined as a city that uses networked 

infrastructure to improve the economic and political efficiency as well as to enable 

social, cultural, and urban development. Another definition of a smart city is a 

city that uses interactive, Internet-based applications to provide citizens and 

businesses with innovative services (Kuk & Janssen, 2011). Moreover, various 

synonyms have historically been used for a smart city, such as intelligent city, 

knowledge city, and ubiquitous city. Although these concepts have different 

definitions, all of them imply the use of ICT (Lee & Lee, 2014). Similarly, 

Washburn et al. (2010) emphasised the critical role of ICT in smart city initiatives. 

The significant differences in the various concepts and definitions have been 

linked to advancements in technology, most recently those relating to IoT (Lee & 

Lee, 2014). Consequently, the term smartness is broadly used to refer to the use 

of digital technology to transform the public sector and to improve 

interconnectedness, efficiency, sustainability, effectiveness, transparency, and 

collaboration (Nam and Pardo 2014; Velsberg et al., 2020).  In the context of this 

research, the term smart city is used to denote an urban or a rural entity that 

makes use of new and emerging digital technology to provide services to its 

citizens, increase public value, create a healthy and attractive community and 

economy, and promote collaboration with both internal and external actors. As a 

result, the definition moves from the purely technical aspects of IS to social 

aspects. 

IoT is a key technology enabling a smarter public sector from ICT. Studies have 

demonstrated that IoT transforms local governments by integrating real-time 

communications, the needs of citizens, and information (Letaifa, 2015). However, 

past research has shown that over 60% of all IoT projects stall at the proof-of-

concept stage and over 75% of IoT projects fail to produce value (Johansen, Culp 

and Mora, 2017). Project failures are typically expensive, thereby negatively 

affecting budgeting and trust of citizens in the local government and reducing 

citizen satisfaction with public service delivery. However, the opposite is also 

true. Smart city initiatives may have a transformational effect on organisational 

performance and culture; for example, by improving transparency, effectiveness, 

efficiency, and accountability of public organisations and their work (Nam and 
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Pardo, 2014). However, technology is not central to defining a smart city, but 

rather, a means to enable social, environmental, economic, and cultural progress 

(Nam & Pardo, 2014), which means that smart cities must progress across 

different areas to be characterised as smart cities. Consequently, project failures, 

spiralling budgets, and incompetent project management can be managed by 

understanding how the application of technology, management, and policy can 

contribute to public sector smartness and the transformation of public services. 

 2.3 IoT 

Three decades ago, Weiser (1991) foresaw that during the 21st century, society 

would gradually integrate technology into everyday life by embedding technology 

into various devices and objects, such as refrigerators and clothes. Weiser (1991) 

referred to the concept of integrating computers into the world as 'ubiquitous 

computing' and he envisioned that this would allow for digitising much of society.  

Andersson and Lindgren (2005) used ubiquitous computing to refer to 

seamlessly integrated and distributed computing environments that intended to 

facilitate the integration of people and systems across an ecosystem; for example, 

by embedding objects with sensors and network technologies. Thus, ubiquitous 

computing relates to making computing possible everywhere, at any time. This 

vision has undeniably been realised in various areas, broadly referred to as IoT; 

for example, context-aware systems and sensing capabilities.  

In 1999, Kevin Ashton was the first to use the term "Internet of Things" to 

describe a system that connects different physical objects via a ubiquitous 

network of sensors (Corcoran, 2016). Lee and Lee (2014) further defined IoT as 

physical objects with network connectivity, processing capabilities, and sensors, 

which enable the devices to record, process, and communicate data. 

Furthermore, IoT can use wired and wireless communication technologies, such 

as the Internet, mobile network infrastructures, and Near-Field Communication, 

to communicate with other local and remote devices (Gluhak et al., 2011). Thus, 

the vision for IoT is that various objects with computational power could be 

connected with one another via the Internet. Therefore, IoT does not represent a 

single technology, but instead reflects the long-term development of a 

combination of different technologies, such as hardware, software, and sensory 

equipment (Saarikko, Westergren & Jonsson, 2020). In this research, IoT is 

defined as a network of connected physical objects that can collect real-time data 

from the surrounding environment using sensors/detectors, exchange the data 

with other objects and IS using network connectivity, and process data either in 

the cloud or at the edge, with little or no human intervention. The different 

wireless technologies and protocols include low-power wide-area networking 

(SigFox, LoRaWAN, and NB-IoT), radio-frequency identification, ZigBee, and 

LTE. Therefore, various wireless technologies and protocols enable data 
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exchange, but the selection of the technology is based on different factors 

surrounding the actual use case. Similarly, the processing and analysis of the 

collected data may occur in the cloud or at the edge; for example, street lighting 

that is turned on in the case of approaching cars and fleet management data 

analytics that track driver behaviour.   

Twenty years after Kevin Ashton first coined the term IoT, data can be collected, 

processed, and transferred for further analysis of most objects and processes 

(Jonsson, 2010). Various examples exist in which IoT has been used. IoT has been 

used to operate and manage buildings, regulate lightning, identify potholes, 

collect and analyse physical vitals, manage fleets, monitor and maintain utility 

systems, and analyse environmental information. Although the concept of IoT is 

not new, many changes have occurred since the 1990s and early 2000s, whereas 

much remains the same. For example, the Internet has not changed, and devices  

are still connected via a TCP/IP stack (Corcoran, 2016). Although connectivity 

technologies have improved, this has not occurred in a disruptive manner to 

account for laying the foundation for the commercial success of IoT (Corcoran, 

2016). However, low-power wide-area network spaces, such as SigFox, LoRa, and 

LTE-M, have become more readily available and support the widespread use of 

IoT (SigFox, 2020; Digita, 2020; GSMA, 2020). Different network spaces support 

different technologies and use cases. For example, the NB-IoT supports the use 

of static sensors, such as measuring the wind direction and air humidity. In 

contrast, the proliferation of LTE-M supports more data-intensive use cases, such 

as self-driving vehicles and drones (Lauridsen et al., 2017). Among the significant 

changes that have contributed to IoT adoption are the development of the cloud, 

which provides infrastructure for storage, messaging, security, and connectivity 

(Corcoran, 2016). Moreover, the exponential growth of mobile networks and the 

broader use of smartphones offer user interfaces to access, manage, and control 

IoT (Corcoran, 2016).  

At present, IoT is widely regarded as one of the most transformational 

technologies of the Internet revolution (Atzori, Iera & Morabito, 2017) and is 

considered to have a more profound impact on the operation of organisations 

than artificial intelligence, cloud infrastructure, and nanotechnology (Deloitte, 

2020). The ability to equip various objects with sensor-based systems and to 

provide the capability to transmit contextual data improves the process efficiency 

and human productivity (Balakrishna, 2012); generates new digital services 

(Saarikko, Jonsson & Burström, 2019); strengthens the delivery of public services 

and supports citizen participation (Allwinkle & Cruickshank, 2011); improves 

economic and political efficiency; and enables social, cultural, and urban 

development (Saarikko, Westergren & Jonsson, 2020). Therefore, IoT is 

considered as a promising technology for improving service delivery as it enables 
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seamless integration of different systems and improved access to data (Jin et al., 

2014; Zanella et al., 2014).  

One of the most significant areas for the application of IoT is within the smart city 

discourse (Saarikko, Westergren & Jonsson, 2020), where IoT is considered to 

affect everything from street lightning (Leccese, Cagnetti & Trinca, 2014) to 

environmental monitoring (Schaffers et al., 2011) and to improve the 

development of smart public services radically (Zanella et al., 2014). A city that is 

fully equipped with IoT devices allows the local government to monitor almost 

everything that is happening and to take immediate action when problems occur, 

and provides residents with access to necessary information and services for their 

daily lives (Shin, 2009). Thus, IoT will become pervasive throughout the 

environment and will significantly affect how the information society will be 

served (Shin, 2009). These changes are expected to increase efficiency and 

effectiveness, improve governance transparency, and collaborate with external 

stakeholders (Aldama-Nalda et al., 2012; Shin, 2009). Thus, it is perhaps 

unsurprising that various reports have indicated that public sector investment in 

IoT accounts for over one quarter of all investments in IoT, among which the 

majority of projects take place in the smart city sphere (GrowthEnabler, 2017). 

There are various means by which IoT can be leveraged to enhance the delivery 

of public services, including real-time traffic and public transportation 

management, for regulating the indoor climate and ventilation of public buildings 

and in winter road maintenance (Velsberg, 2018). The use of IoT enables the 

public sector to leverage existing and create new public services, thereby 

improving the start-up environment, quality of life of citizens, efficiency, 

transparency, interconnectedness, citizen engagement, and collaboration. 

Furthermore, IoT helps the public sector to become more agile and resilient, and 

improves the interaction with external stakeholders. These changes are triggered 

in various manners; for example, the use of IoT can promote contextual 

awareness (Nam and Pardo 2014; Velsberg et al., 2020) and changes in 

organisational processes and policies (Velsberg et al., 2020), but it may also have 

symbolic value, leading to more innovation projects (Velsberg et al., 2021). 

Consequently, performing data collection, exchange, and processing, as well as 

making decisions and taking action with little or no human involvement can 

trigger various changes that enable public sector smartness. This has also been 

highlighted in previous research (e.g., Catlett et al., 2017; Hollands 2008; Jin et 

al., 2014; Nam and Pardo, 2011; Neirotti et al., 2014), indicating that IoT is an 

increasingly important technology for enabling smartness and delivering value in 

every area of the public sector (Tomar & Kaur, 2019).  

Although IoT has been demonstrated to affect local governments positively and 

has become a key enabler of public sector smartness, the opposite is also true. 
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The implementation and use of IoT do not guarantee the expected results, as IoT 

can significantly affect ethical perspectives, including those regarding the privacy 

and confidentiality of individuals, the accuracy of decisions, the unauthorised 

collection of data, and fair treatment (Caron et al., 2016). Current research 

typically illustrates the potential benefits of IoT for local governments. However, 

the public sector must carefully plan the use of IoT to avoid disastrous results and 

difficulties (Velsberg, Jonsson & Westergren, 2020). Consequently, although 

simplicity and clear incentives drive the adoption of IoT systems (Saarikko, 

Westergren & Jonsson, 2020), a long-term strategy for integrating and 

synthesising IoT data with public services (Tomar & Kaur, 2019) and ensuring 

the handling of key ethical concerns (e.g. privacy, accuracy, control, and 

accessibility) should be available. Thus, certain IoT systems require little 

attention, whereas others demand seamless mobility, real-time connections, and 

advanced security (Zouganeli & Svinnset, 2009; Zanella et al., 2014) and raise 

concerns regarding data ownership, privacy, and security (Weinberg et al., 2015). 

Therefore, realising the potential of IoT is not merely a matter of engineering-

centric digitisation, but also requires a cultural and social shift that is associated 

with new routines, perspectives, and capabilities for collectively enabling public 

sector smartness (Velsberg et al., 2021). As most IoT projects fail, it is 

questionable whether the risk outweighs the potential gain of the public sector. If 

the business value of ICT has been extensively studied, there has been a dearth of 

studies that demonstrate how IoT enables smartness and how these technologies 

can provide the means for its creation. 
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Chapter 3 

Smartness of Public Sector 

Local governments are undergoing major changes relating to new demands and 

expectations, including sustainability, resource efficiency, public–private 

collaboration, innovation, and transparency (Axelsson & Granath, 2018). 

Consequently, local governments are no longer simply involved in designing 

districts, infrastructure, and services, but also increasingly consider 

digitalisation, equality, environmental sustainability, and quality of life (Axelsson 

& Granath, 2018). These new expectations create the need for the public sector to 

become smarter (Axelsson & Granath, 2018). In the public sector, the terms smart 

city, smart village, and smart megacity dominate the discussions on the ambitions 

and strategies of the public sector to become smart through adopting emerging 

technologies (Meijer, Gil-Garcia & Bolivar, 2015). Thus, smartness has recently 

emerged as a desirable characteristic of governments, cities, and communities 

(Gil-Garcia, Zhang & Puron-Cid, 2016). However, opinions on what constitutes 

smartness are not new, as exemplified by the wide range of discourses, such as 

intelligent, innovative, wired, and cultural cities, as well as smart villages. 

Although the different discourses have slightly varying meanings, they all 

combine technological solutions with economic, political, and socio-cultural 

changes (Hollands, 2008). Therefore, smartness describes the goals and potential 

outcomes of using technology in value creation and provides a positive view of 

the manner in which ICT can shape the public sector (Velsberg et al., 2020). The 

potential goals are efficiency, effectiveness, transparency, sustainability, 

interconnectedness, innovation, and collaboration (Nam & Pardo, 2014). Such 

positive outcomes are one reason for the significant interest in pursuing 

smartness. Most studies have explored smartness in cities (e.g. Nam & Pardo, 

2014; Harrison et al., 2012; Meijer, 2016; Wang & Wu, 2016). However, it is 

essential to extract the results at the city level and to discuss how these can be 

applied beyond cities within the local government; that is, in different rural and 

urban municipalities (Gil-Garcia, Zhang & Puron-Cid, 2016). In the following 

sections, I present the different dimensions of smartness, their role within the 

local government, and how local governments can achieve smartness.   

3.1 Towards an integrative view of smartness 

Smartness is a multi-dimensional concept that has been linked to different 

factors that can help to capture both the explicit and hidden assumptions 

regarding the role of technology in value creation. Different authors have 

identified key dimensions that aid in measuring smartness within the public 

sector (Chourabi et al.,2012; Nam & Pardo, 2011). Among others, smartness has 

been linked to dimensions such as efficiency, effectiveness, resiliency, citizen-
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centricity, openness, equality, sustainability, and technological savviness (Gil-

Garcia, Helbig & Ojo, 2014). Numerous efforts have been made to develop a set 

of so-called smartness dimensions that can describe the goals and potential 

outcomes of the public sector in relation to the use of technology. These 

dimensions can aid in measuring and defining smartness, thereby shaping the 

public sector. For example, Gil-Garcia, Zhang and Puron-Cid (2016) proposed 14 

components that account for smartness within the public sector: integration, 

innovation, evidence-based decision-making, citizen-centricity, sustainability, 

creativity, effectiveness, efficiency, equality, entrepreneurialism, citizen 

engagement, openness, resiliency, and technology savviness. The majority of 

these components have been studied within public policy or digital government 

discourse (Gil-Garcia, Zhang & Puron-Cid, 2016). The 14 components proposed 

by Gil-Garcia, Zhang and Puron-Cid (2016) include different levels of detail. 

Some are a means to an end; for example, technology savviness and citizen-

centricity, whereas others mark the attained public value; such as efficiency and 

effectiveness. Similarly, some of the components are interconnected; for 

example, integration, openness, and citizen engagement. Figure 1 presents an 

overview of the dimensions of smartness. 

 

Figure 1. Smartness dimensions (adapted from Gil-Garcia, Zhang & Puron-Cid, 2016). 
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Although various smartness dimensions exist, Nam and Pardo (2011) argued that 

smartness represents innovation in management, organisation, policy, and 

technology. As each local government unit operates within its unique context, it 

can be considered as smart when appropriate actions are taken towards 

innovation. Therefore, each local government unit may have a different level of 

smartness depending on their actions, rather than simply being distinguished as 

smart or not. Various studies have identified evaluation criteria and ranges for 

evaluating smartness (Hajduk, 2021). Different indexes have been created to 

measure and compare public sector smartness, such as the Smart City Index 

(Institute for Management Development World Competitiveness Centre, 2021) 

and Global Smart City Performance (EasyPark, 2019). The dimensions of these 

indexes include sustainability, entrepreneurialism, and management. Thus, 

smartness is not simply an obsession with creating public value, but instead 

reflects the changes and consequent outcomes in management, organisation, 

policy, and technology innovation. In the context of this research, the term 

smartness is broadly used to reflect the ambitions of the public sector to become 

agile and resilient, as well as to improve interconnectedness, efficiency, 

sustainability, effectiveness, transparency, and collaboration through the 

adoption of emerging technologies. Therefore, the concept of smartness 

represents a transformative mode with a broader view, including internal and 

external actors, and the changes in the entire public sector context that are 

enabled by digital technologies.  

3.2 Attaining smartness 

Nam and Pardo (2011) identified three core elements that contribute to 

smartness: the integration of systems and infrastructure, service transformation 

and improvement, and a vision for a better future. In parallel, within the e-

government field, there has been a push towards embracing the transparency of 

public sector operations and collaboration with external stakeholders (e.g. Gil-

Garcia, 2012). This view moves away from simply concentrating on internal 

processes, and values collaboration with citizens, private organisations, and 

research institutions; for example, through open data and citizen-centric data 

governance. Indeed, smartness entails balancing competing public interests, 

preferences, and expectations from the public organisation, citizens, the private 

sector, universities, and other stakeholders who either directly or indirectly 

consume or are affected by public services (Cordella & Bonina, 2012; Moore, 

1995). Thus, in many respects, the public sector must base its decisions to 

implement technology on the expected benefits and conflicting demands of 

various stakeholders (Pereira et al., 2016). Successful technology implementation 

is believed to drastically change how public organisations operate and to bring 

substantial organisational, business, and societal benefits (Gil-Garcia, 

Chengalur-Smith & Duchessi, 2007). To capitalise on this change, it is necessary 
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to explore how new technologies create a change both in terms of how far the new 

activities deviate from current practices and the degree to which the range of 

products and services is extended to serve the interests of stakeholders inside and 

outside the public organisation (Velsberg, 2019). Thus, various external actors, 

internal departments, and processes should be considered to enable smartness 

within the public sector.  

Furthermore, increased attention must be paid to data and service integration 

within the public sector, thereby leading to more integrated and virtual 

governments (Gil-Garcia, 2012). Such seamless and virtual governments are 

already visible, perhaps most clearly in Estonia, where the central government 

and municipalities pursue proactive government initiatives. This type of 

proactive government approach considers the provision of public services 

proactively and invisibly to citizens and businesses. For example, when a child is 

born or starts school, dozens of services are linked to providing public services in 

only one contact (Plantera, 2019). As a result, the central government, 

municipalities, and their branches and organisations will likely operate in an 

integrated manner. Different business processes are interlinked, core 

infrastructure and organisational resources are shared, and institutions operate 

as single entities. However, evidence indicates that this transformation will not 

be limited to the public sector, but will also involve different non-governmental 

actors. For example, plans are in place to develop a traffic accident life-event 

service in Estonia, which includes private companies in public service provision, 

with the ultimate goal of making life easier for citizens (Velsberg, 2021). Indeed, 

Nam and Pardo (2011) argued that smart innovation requires transparency and 

collaboration; for example, through data and information sharing, and subsiding 

organisational boundaries. Therefore, cross-organisational interoperability is of 

strategic importance for enabling a smarter public sector. Accordingly, public 

organisations should seek to collaborate with and trust one another, share data 

and information, focus on data interoperability and standards, and create a 

technical infrastructure for communication (Gil-Garcia, Zhang & Puron-Cid, 

2016). 

Public sector smartness is unique in many aspects, as noted by Pang, Lee and 

DeLone (2014). Public organisations are affected by the political environment. 

They are more bureaucratic, less affected by market fluctuations, and not 

oriented towards profit maximisation. Therefore, smartness manifests itself in 

economic values, such as streamlining processes and non-economic values; for 

example, trust in and collaboration with government (Pang, Lee & DeLone, 2014). 

Furthermore, public value may be manifested differently for various 

stakeholders. For example, managers from the public sector may place a high 

value on accountability (Gil-Garcia, Chengalur-Smith & Duchessi, 2007), 

whereas citizens and non-governmental organisations may value access to open 
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data (Vicente, Lourdes & Royo, 2007). The incorporation of public value into the 

discussion on public sector smartness allows for the monitoring of public sector 

investment in technology, and an understanding of the relationship between the 

technology and a smarter public sector. This can assist public organisations in the 

pursuit of the appropriate use of technology to benefit society and to ensure that 

the technology is balanced with ethical considerations. For example, with the 

proliferation of IoT, several obvious ethical concerns have arisen that may have 

adverse effects, such as uncontrolled data generation and use, lack of privacy, 

unauthorised surveillance, information security risks, unaccountability of 

operating algorithms, and re-identification of data. Consequently, although most 

IoT devices and systems are implemented to support public decision-making and 

service provision, these devices may have unexpected negative outcomes in the 

public sector that need to be considered. 

3.3 Smartness framework 

As highlighted, smartness is a multidimensional phenomenon consisting of 

various dimensions, each of which may be very important, and has different 

effects and values. Whereas certain dimensions are a means to an end, others 

reflect the attained public value. Different results can be achieved by considering 

the different dimensions together, regardless of whether similar actions have 

been taken before. Therefore, there is no single method for governments to 

become smart (Gil-Garcia, Zhang & Puron-Cid, 2016). However, each 

government initiative must be evaluated to assess whether it creates any results 

and to indicate the direction of change. As noted in Section 3.1, various 

dimensions are linked to the concept of smartness. However, only certain 

dimensions mark the attained public value (Gil-Garcia, Zhang & Puron-Cid, 

2016). Following the public value perspective, Nam and Pardo (2011, 2014) 

developed a smartness framework to assess the smartness of government 

initiatives. The smartness of government initiatives can be evaluated from 

managerial and service delivery points of view using four dimensions (efficiency, 

effectiveness, transparency, and collaboration). Harrison et al. (2012) extended 

the list with two smartness dimensions: intrinsic enhancements and 

participation. The six smartness dimensions, namely efficiency, effectiveness, 

transparency, collaboration, intrinsic enhancements, and participation, have 

been researched in public sector theory and in relation to smart cities and smart 

governments (Velsberg et al., 2020). In the following, I present the smartness 

dimensions in further detail. 

Efficiency is the ratio of desired outputs to inputs (Nam & Pardo, 2014), and it 

describes the relationship between an investment (time, money, and effort) and 

the outcome (results or returns on investment). The efficiency is generally 

improved by increasing the output while reducing or minimising the input. 
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However, efficiency also refers to the provision of high-quality public services 

that meet the requirements of citizens while improving internal management 

capabilities (Nam & Pardo, 2014).  

The ability to produce the desired outcome by managing internal resources, 

namely both persons and money, is characterised as effectiveness (Ostroff & 

Schmitt, 1993). Moreover, organisational factors have been demonstrated to have 

a strong influence on effectiveness: 'Effective public sector performance is more 

often driven by strong organisational cultures, good management practices, 

and effective communication networks than it is by rules and regulations or 

procedures and pay scales' (Brewer & Selden, 2000, p. 688). 

Transparency is a well-known concept in public sector theory that has been 

studied for decades to better understand its role in improving the quality of 

government (Piotrowski, 2008; Roberts, 2006). The majority of transparency 

research has focused on two definitions: one focuses on information availability 

(breadth of access) and that the other focuses on information flow (who has 

access). A broad definition is that transparency describes how much information 

is available and who has access to the information (Cucciniello et al., 2017). 

Collaboration in the public sector describes how multiple stakeholders are 

involved in collective public decision-making processes (McDermott, 2010). Two 

perspectives on collaboration exist. The internal perspective focuses on 

improving the collaboration between agencies/departments within the 

government, whereas the external perspective is concerned with how effectively 

the government interacts with non-governmental parties, such as communities, 

citizens, private companies, and other public organisations (Bătăgan, 2011; Gil-

Garcia, Chengalur-Smith & Duchessi, 2007). Ansell and Gash (2008) found that 

trust building, commitment, and shared understanding are critical to such 

collective processes. Although a public organisation is often the catalyst for 

collaborative governance, successful collaboration necessitates the involvement 

of external parties.  

Intrinsic enhancements describe how changing the environment or 

circumstances of a stakeholder creates value for their own sake (Harrison et al., 

2012). Both government and non-governmental parties perceive intrinsic 

enhancements. 

Participation in the public sector describes the frequency and intensity of the 

direct involvement of internal stakeholders and non-governmental parties in 

decision-making or the operation of government (Harrison et al., 2012). For 

example, participation may include the possibility for citizens to participate in 

participative budgeting, and consequently, allow citizens to affect the budgeting 
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design process (EGA, 2021). Furthermore, various studies have indicated that 

participation frequently co-exists with transparency and collaboration (Pereira et 

al., 2017). 

Earlier research indicated that efficiency and effectiveness are the most 

frequently cited motivations for public sector innovation (Cordella & Bonina, 

2012; De Vries, Bekkers & Tummers, 2016). Other researchers have emphasised 

the importance of improving access to government-held data and information, 

thereby increasing transparency (Bertot, Jaeger & Grimes, 2010; Cucciniello, 

Porumbescu & Grimmelikhuijsen, 2017) and fostering collaboration within 

government agencies as well as between governmental and non-governmental 

actors (Ansell & Gash 2008; Bakıcı, Almirall & Wareham, 2013). All smartness 

dimensions can be viewed from both internal and external perspectives. In the 

first research paper, the framework that I used consisted of six smartness 

dimensions (efficiency, effectiveness, transparency, collaboration, participation, 

and intrinsic enhancements). However, as participation is typically accompanied 

by transparency and collaboration, and intrinsic enhancement co-exists with all 

dimensions (Pereira et al., 2017), it was decided to dismiss these for the 

remainder of the research. Therefore, the final version of the smartness 

framework consists of four dimensions: efficiency, effectiveness, transparency, 

and collaboration. Table 1 displays the smartness framework that I adapted from 

Nam and Pardo (2011, 2014). As my research focused on IoT, the framework was 

adapted to demonstrate how IoT contributes to public sector smartness. 

Dimension Management 

(internal) perspective 

Service delivery 

(external) 

perspective 

References 

Efficiency How IoT can reduce 

intra-organisational 

workloads, minimise 

waste, time, and 

effort in activities 

and processes, and 

maximise the 

intended managerial 

objectives. 

How IoT can 

improve the 

production and 

delivery of public 

services in terms of 

minimising 

expenses, time, 

waste, and effort 

and maximising 

outputs. 

Cordella & Bonina 

(2012); 

De Vries et al. (2014); 

Gil-Garcia et al. 

(2016); 

Nam & Pardo (2011, 

2014); 

Ostroff & 

Schmitt(1993); 

Washburn et al. 

(2010) 

Effectiveness How IoT can improve 

the quality of the 

management of 

internal processes; 

How IoT can 

contribute to 

improved service 

delivery to external 

Brewer & Selden 

(2000); 

Nam & Pardo (2011, 

2014); 
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for example, by 

increasing 

knowledge. 

stakeholders, such 

as citizens and 

private companies. 

Osborne et al. (2014);  

Ostroff & Schmitt 

(1993) 

Transparency How IoT can improve 

information 

integration across 

government offices. 

How IoT can 

provide access to 

information and 

decision-making in 

the process of 

service delivery. 

Bertot et al. (2010); 

Coglianese (2009); 

Cucciniello et al. 

(2017); 

Nam & Pardo (2011, 

2014); 

Meijer (2009); 

McIvor et al. (2002); 

Porumbescu (2015) 

Collaboration How IoT can foster 

internal collaboration 

processes of two or 

more people working 

together across and 

inside the 

departments of the 

public organisation. 

How IoT can foster 

the process of 

governmental and 

non-governmental 

parties working 

together. 

Ansell & Gash (2007); 

Bakıcı et al. (2013); 

Bătăgan (2011); 

McDermott (2010); 

Nam & Pardo (2011, 

2014) 

Table 1. The smartness framework (adapted from Nam & Pardo, 2011, 2014 and Harrison et al., 2012). 
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Chapter 4 

Research Context 

4.1 Research sites 

During 2017 and 2018, I participated in a study funded by the Strategic 

Innovation Program IoT Sverige with support from VINNOVA, 

Energimyndigheten, and Formas, studying IoT use within the public sector. My 

colleagues and I conducted the study in five countries in Northern Europe, 

namely Denmark, Estonia, Finland, Norway, and Sweden. The study focused on 

the IoT solutions that are adopted by the local government, the public value that 

IoT can create, and areas in which the public sector leaders see room for 

development and improvement. The study sparked interest in understanding 

how IoT enables a smarter public sector.  

To answer the research question, I conducted two multi-site case studies on the 

use of IoT within the public sector. My colleagues and I wrote four research 

papers based on these case studies. In both studies, the focus was on 

municipalities as a research unit owing to their responsibility for a wide range of 

civic services. Among various functions, the local government must provide social 

services; the granting of social benefits and other social assistance; welfare 

services for the elderly and disabled; cultural, sports, and youth work; housing 

and utilities; water and sewerage; public services and amenities; waste 

management, spatial planning, public transportation, and the construction and 

maintenance of rural municipality roads or city streets; organisation of pre-

school child care, libraries, museums, healthcare institutions, and care homes. 

However, local governments do not oversee police forces, maintain national 

highways, or establish national laws, which are all roles of the central 

government. Furthermore, municipalities are in charge of territory and have 

fiscal, political, and administrative autonomy within certain limits, as outlined in 

the national constitution. Therefore, local governments have significant 

autonomy over how they function and provide public services. 

Municipalities can be either towns, rural municipalities, districts, or counties, 

depending on the country.  For example, in Estonia, the local government is 

divided into a one-tier local government system. All local government 

municipalities – including both towns and rural municipalities – have an equal 

legal status and operate independently (Rahandusministeerium, 2021). 

Similarly, in Finland, the local government units are divided into rural 

municipalities ('kunta' in Finnish) and towns ('kaupunki' in Finnish. However, 

they also have an equal legal status and operate independently.  
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The first two research papers are based on a multi-site case study that was 

conducted among municipalities in Northern Europe. The third and fourth 

research papers are based on a multi-site case study on smart winter road 

maintenance in Estonian municipalities. Table 2 provides a short overview of 

both the studies. In the following two sections, I introduce each of the two studies 

in further detail. Readers are referred to the individual research papers for more 

details on the research context. 

 IoT use in Northern Europe Smart winter road 
maintenance 

Research papers Research paper 1 
Research paper 2 

Research paper 3 
Research paper 4 

Research sites Municipalities in Denmark, 
Estonia, Finland, Norway, and 
Sweden as well as how and if 
they have implemented IoT 

Municipalities in Estonia, 
which had implemented IoT in 

winter road maintenance 

Examples of IoT 
implementation 

The IoT solutions range across 
seven application areas. 

Applications include: street 
lighting, parking sensors, fleet 
telematics, air quality sensors, 
water meters, smart lighting, 

window canopies, medical 
bracelets, glucose meters, fall 

detectors, audio guides for 
tourists, and school 

attendance recording systems. 

The IoT solution consists of a 
tracking device and various 

sensors that are hardwired to 
the vehicle, and can identify 
the vehicle driver and which 
road-clearing accessory is in 
use, as well as measure the 
speed, location, road salt 
dosage and spread, fuel 

consumption and level, and 
other vehicle-related 

information. 
Number of 

respondents 

341 respondents from 337 

municipalities 

34 respondents from 30 
municipalities 

5 respondents from 5 service 
contractors 

Table 2. Overview of the two case studies 

4.2 Research setting for research papers 1 and 2 

The first multi-site case study was carried out across 337 municipalities in 

Northern Europe, namely among municipalities in Denmark, Estonia, Finland, 

Norway, and Sweden. These five countries were selected because they are among 

the most digital countries in Europe, according to the Digital Economy and 

Society Index published by the European Commission (2020b). According to the 

Digital Economy and Society Index (DESI), these countries are at the forefront of 

innovation, particularly in e-government (European Commission, 2020b). In 

total, 54 municipalities in Denmark, 94 in Estonia, 58 in Finland, 44 in Norway, 

and 87 in Sweden participated. Among those who participated in the study, 219 

municipalities had implemented one or several IoT solutions, whereas the 
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remainder had not yet implemented IoT. Table 3 presents an overview of the 

participating municipalities by country and the prevalence of IoT among them.  

Country Number of 

municipalities 

contacted 

Number 

participating 

municipalities 

Number of 

municipalities 

with IoT 

Number of 

municipalities 

without IoT 

Denmark 98 54 41 13 

Estonia 202 92 59 33 

Finland 298 58 37 21 

Norway 438 44 32 12 

Sweden 290 87 50 37 

Total 1326 335 219 116 

Table 3. Participating municipalities and prevalence of IoT 

During the research, municipalities had implemented various IoT solutions to 

improve the provision of public services. The implemented solutions were divided 

into seven different categories: 1) transportation and infrastructure; 2) utilities 

and environmental monitoring; 3) buildings; 4) care and support; 5) crime and 

disaster prevention; 6) culture, tourism, and sports; and 7) education. For 

example, in the buildings category, municipalities used systems to regulate 

lighting and window canopies depending on the light and temperature. In 

transportation, municipalities had widely implemented fleet management 

systems to collect and analyse vehicles and winter road maintenance information. 

Systems were also established to count cars and pedestrians, identify whether 

cyclists wore helmets, optimise parking, collect environmental data, and provide 

alerts and monitor rubbish-compacting bins. For a comprehensive overview of 

the implemented solutions and their relative distributions, please refer to 

research paper 2, Figure 1, and Table 7. In the following five sub-sections, I briefly 

outline how the municipalities in Estonia, Denmark, Finland, Norway, and 

Sweden operate as well as their similarities and differences. 

4.2.1 Estonia 

Estonia is the leading country in Europe in e-government and the provision of 

online services, according to both the 2017 and 2020 DESI (European 

Commission, 2020; European Commission, 2021). During the study, in 2017, 

Estonia was undergoing a local government reform. Following the reform, 79 of 
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213 local governments remained in place. There are now 15 cities and 64 rural 

municipalities (Aas, 2018). Thus, during the study, I contacted 202 municipalities 

of varying sizes, financial means, and capabilities, among which 81 agreed to 

participate in the study. At this time, the local government structure did not 

consider the rapid demographic changes that had occurred in society, such as 

ageing and urbanisation (Aas, 2018). The municipalities that I interviewed varied 

in size and capabilities. Some of the smallest municipalities had approximately 

400 inhabitants and approximately one person per square kilometre. Regardless 

of the size, all of these local authorities independently decided and organised all 

local issues, and provided the same range of services to their inhabitants 

(Rahandusministeerium, 2021). The central government can place functions on 

the local government only through regulation or mutual agreement 

(Rahandusministeerium, 2021). To decentralise the local power further, local 

authorities may form rural municipalities or city districts with limited authority 

(Rahandusministeerium, 2021). The municipalities are further divided into 

settlement units, such as villages, towns, and cities. Villages typically have less 

than 300 inhabitants, towns have at least 300 inhabitants, and cities have at least 

1000 inhabitants. However, these settlement units do not have any municipal 

status. 

4.2.2 Finland 

There are currently 310 municipalities in Finland, among which more than half 

have less than 6000 inhabitants, and the smallest municipality has 

approximately 200 inhabitants (Association of Finnish Municipalities, 2021a). 

The local governments have autonomy and address all local issues, including the 

right to levy taxes (Association of Finnish Municipalities, 2021a). According to 

the Finnish Local Government Act of 2015, municipalities must strive to advance 

the well-being of their residents and promote sustainable development 

(Association of Finnish Municipalities, 2021b). Similar to Estonia, the central 

government can only assign new responsibilities through legislation. The local 

government has various functions, such as social services, rehabilitative work 

activities, primary care, specialist care, basic education, library and information 

services, sports services, maintenance of streets and other public areas, 

infrastructure, traffic management, waste management, and water and sewerage 

systems (Association of Finnish Municipalities, 2021b). The municipalities used 

various IoT systems to optimise taxi services, waste management, street lighting, 

heating and water consumption, bicycle and pedestrian counters, and 

management of the groundwater quality.  

4.2.3 Denmark 

At present, there are 989 municipalities in Denmark. Similar to those in Estonia 

and Finland, the municipalities may make decisions regarding any municipal 
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manner and provide functions similar to those of the other two (Ministry of 

Interior and Housing, 2021). However, there are five regions in Denmark, each 

covering several municipalities, and are primarily responsible for the health care 

system and specifically designed tasks, such as specialised educational and social 

institutions (Ministry of Interior and Housing, 2021). The municipalities used 

IoT systems to measure air quality, optimise street lighting, waste management, 

heating, and parking, encourage safer cycling and rehabilitation practices, 

measure patient activities, and prevent pests. 

4.2.4 Norway 

Norway has a two-tier subnational government system that is composed of 

municipalities and counties with no hierarchical links, and that carry equal rights 

and responsibilities (OECD, 2021). During the study, Norway had 428 

municipalities and 18 counties. In 2020, the country underwent a local 

government reform, following which there were 356 municipalities and 11 

counties (KS, 2021). The municipalities are responsible for various functions, 

such as education, health and social care, local roads, utilities (water, sewage, and 

waste), infrastructure, environmental protection, and culture (OECD, 2021). 

County responsibilities include regional planning and development, roads and 

public transport, upper-secondary education, dental health, culture, and 

environmental protection (OECD, 2021). There were various IoT use cases, such 

as optimising street lighting, parking and water consumption, as well as tracking 

sewage. 

4.2.5 Sweden 

Sweden has a two-tier subnational government system that is composed of 

municipalities and counties. There are 21 counties and 290 municipalities that 

are responsible for providing the majority of local-level public services, which 

have considerable autonomy and the right to levy taxes (Sveriges Kommuner och 

Regioner, 2021). The counties are responsible for functions that require a larger 

population base, such as health care and dental care (Regeringskansliet, 2005). 

The municipalities are responsible for more functions, such as social services, 

education, housing, library services, utilities (water, sewage, and waste), and 

environmental protection and rescue services (Regeringskansliet, 2005). The IoT 

application areas include emergency bracelets, facility management, air and 

water monitoring, and waste management optimisation. 

4.3 Research setting for research papers 3 and 4 

We carried out the second multi-site case study in Estonia among 30 

municipalities and private contractors that were involved in smart winter road 

maintenance. Estonia is located in the north and has four nearly equal seasons, 
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with an average temperature of approximately 5 °C. Consequently, snow may be 

occur between October and May. However, the period between December and 

February is usually characterised by the harshest climate, such as black ice, ice 

blizzards, and snowstorms. Such a harsh climate makes winter road maintenance 

crucial for safe road transportation in Estonia during winter. Regular road 

maintenance works that are carried out include snow control with front and side 

ploughs and base blades, de-icing with a spreader, and mechanical roughening 

with a tenon or net blades (Transport Administration, 2021). 

The municipalities in Estonia are obligated to keep their local roads clear of snow 

and ice. Roads are categorised according to their importance, which states a 

predetermined order in which municipalities must maintain the roads and their 

conditions. For example, highest-condition-level roads are the major national 

roads, which must be free of snow and ice. De-icing must occur no later than 4 

hours after slipperiness has occurred (Transport Administration, 2021). These 

categories include how the roads should be maintained and during which time. 

However, funds for winter road maintenance are scarce. Thus, the municipalities 

had hired service contractors to maintain the roads. The service contractors have 

a maintenance manager who overseers the drivers and their work, whereas the 

municipalities appoint a public official to oversee all maintenance. 

The municipalities made it mandatory to use IoT devices to overcome difficulties 

relating to coordinating work and resolving disputes. For example, before using 

IoT, public officials would coordinate the work by telephone. After using IoT, 

public officials could track the vehicles in real time from any of their preferred 

devices. Furthermore, winter road maintenance was typically only one of the 

functions for which the public officials were responsible, and thus, many of them 

were overwhelmed. The first municipality equipped IoT devices in 2012/2013, 

and others soon followed. 

The devices are typically rented for the winter road maintenance season between 

November and March. The IoT solution consists of a tracking device and various 

sensors that are wired to the vehicle. The sensors can identify the vehicle driver 

and which road-clearing accessory (such as a snow-plough blade or salt spreader) 

is in use, as well as measure the speed, location, road salt dosage and spread, fuel 

consumption and level, and other vehicle-related information. The IoT device 

collects and processes the data prior to transmitting it for further analysis. 

The collected data enabled the real-time and retrospective tracking of vehicles by 

the municipalities, thereby allowing them to determine which accessories were in 

use, manage task allocation, visualise the movement of vehicles for citizens, and 

much more. The municipality and service contractor have access to detailed data, 

whereas the municipalities can provide a more general view to the public. 
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However, although the use of IoT devices is beneficial, it also carries various risks 

and ethical considerations, such as privacy infringements. 
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Chapter 5 

Methdology 

In the following section, I briefly describe the methodology for the four research 

papers, and discuss why the selected methodologies were regarded as suitable. 

During my doctoral work, I set out to answer the following research question:  

How is IoT applied within the public sector, and how does it contribute to public 

sector smartness?  

To answer the research question, my colleagues and I carried out two multi-site 

case studies on IoT systems within the public sector. A qualitative research 

method with an underlying interpretive approach was deemed appropriate for 

this study. It provided a sufficient means to explore the public sector smartness 

in depth by focusing on human actions and their interpretations of the 

development and use of IoT technologies (Walsham, 1995). The qualitative 

research approach provides an in-depth understanding of the study subject in its 

real-world context, particularly when the boundaries between the context and 

phenomenon are not evident (Yin, 2018). I selected a multi-site case study as the 

method for the above-mentioned purposes as it allows the 'how' and 'why' 

research questions regarding a contemporary phenomenon to be answered, as 

opposed to an entirely historical phenomenon over which the researcher has little 

control (Yin, 2018).  

5.1 Epistemological and ontological stance  

The literature on the philosophy of science provides various perspectives on the 

ontological and epistemological stands, among which the important streams in 

the IS literature include positivism, interpretivism, and critical perspectives 

(Sandberg, 2014). The research presented in this dissertation can be classified as 

interpretive, as it is assumed that the knowledge of reality is gained only through 

social constructions such as language, shared meanings, documents, tools, and 

other artefacts (Klein & Myers, 1999). Thus, the socio-technical characteristics of 

IS include both technical and social aspects. The interpretivist approach assumes 

that knowledge of reality is a social construct and that no objective reality exists 

(Walsham, 1993). Consequently, the research does not predefine dependent and 

independent variables, but instead attempts to understand phenomena through 

people's meanings (Klein & Myers, 1999). Therefore, this study attempts to 

understand how the context and IS influence one another (Klein & Myers, 1999) 

and it is assumed that the social world is complex and temporally emergent 

(Walsham, 1995). The interpretive approach allows an in-depth exploration of the 

phenomenon and can capture people's experiences, thoughts, feelings, and 
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insights into the phenomena of interest as well as elicit the meaning of their 

interaction with these technologies (Miles, Huberman & Saldana, 2014).  

The ontological stance can be external, internal, or subjective realism (Walsham, 

1995). External realism considers reality as existing independently of our 

construction thereof, internal realism considers reality as an intersubjective 

construction of the shared human cognitive apparatus, and subjective realism 

considers reality to be constructed by each person individually (Walsham, 1995). 

However, the ontological stance that aligns the most strongly with my 

philosophical perspective is critical realism. Critical realism combines 

interpretive epistemology with realist ontology (Sandberg, 2014). The critical 

realist perspective assumes that our knowledge of the world is socially 

constructed and fallible (Bygstad, 2010). As a result, it is assumed that a single 

reality exists that is unobservable and independent of human perceptions and 

constructions. Thus, what we understand is constructed from our perspectives 

and experiences through what is observable in the world (Bal, 2021). 

5.2 Multi-site case study as a method 

Case study research and ethnographies are two types of field studies that aid in 

exploring complex issues or phenomena in a particular context. Although case 

study research and ethnographies share similarities, the latter requires more 

extensive immersion of the researcher in the context and lives of the research 

participants (Klein & Myers, 1999). The approach used in this study was case 

study research. Within the context of this work, the case study research method 

was defined as an empirical inquiry that investigates a contemporary 

phenomenon within its real-life context when the boundaries between the 

phenomenon and context are not clearly evident, and in which multiple sources 

of evidence are used (Yin, 1984, p. 23). A case study was considered to be suitable 

for the detailed contextual analysis of a phenomenon over which my colleagues 

and I had little or no control (Yin, 2003). 

Case studies may include both single- and multi-site case studies. As the same 

case covered multiple cases, I decided to conduct a multi-site case study and to 

draw conclusions covering multiple cases. A multi-site case study allows the 

investigation of  a range of similar and contrasting cases to understand a single-

case finding, and grounding it by specifying how, where, and why the 

phenomenon occurs (Miles, Huberman & Saldana, 2014). Thus, it helps to 

strengthen the precision, validity, stability, and trustworthiness of the findings by 

generalising from one case to many (Miles, Huberman & Saldana, 2014).  

Two different multi-site case studies were conducted in this work. Both case 

studies involved multiple units of analysis within the same context. A 
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comprehensive sampling strategy was followed. A comprehensive sampling 

strategy aims to examine every case that is relevant to the study, and 

consequently, to increase confidence on the grounds of representativeness, 

thereby ensuring that the results are generic (Miles, Huberman & Saldana, 2014). 

5.3 Data collection 

As mentioned, two different multi-site case studies were carried out. The research 

was conducted over a period of four years. The data collection took place between 

December 2016 and March 2018, whereas the data analysis was performed 

between March 2017 and May 2021. The first multi-site case study focused on the 

use of IoT in Northern Europe. The first and second research papers are based on 

this study. The second multi-site case study focused on smart winter road 

maintenance in Estonia. The third and fourth research papers are based on this 

study. Similarly, as the qualitative research methodology does not entail a single 

approach, the selected data collection methods varied depending on the research 

question, setting, and participants. In both case studies, interviews and 

supporting documentation along with archival records were used to collect data 

on municipalities and technology. In the second case study, I used direct 

observations as an additional source of evidence. These data collection methods 

were selected as they provided sufficient access to the data for the case studies 

and enabled the research questions to be answered (Yin, 2018). Moreover, I 

decided to use multiple data sources as this enabled me to perform comparisons, 

triangulate the data, and ensure the accuracy of the findings (Miles, Huberman & 

Saldana, 2014; Yin, 2018). An overview of the data collection and analysis is 

provided in the following. Readers are referred to the individual studies for 

further details on the data collection and analysis. 

In both studies, municipalities were contacted via e-mail. An e-mail was typically 

sent to the mayor/vice-mayor or head of the IT department of the municipality, 

asking whether the municipality would be willing to participate in the study. To 

provide comprehensive sampling and to ensure representativeness, all relevant 

municipalities and other stakeholders were approached to participate in the 

study. All municipalities were contacted at least three times. I contacted 1326 

municipalities for the first multi-site case study, and 202 municipalities and 34 

service contractors for the second. I received replies from 337 municipalities for 

the first multi-site case study, and from 81 municipalities and 12 service 

contractors for the second. 

Interviews were one of the main data collection methods as this technique could 

help to suggest explanations for the 'hows' and 'whys' of key events concerning 

IoT, and to gather insight into the perspectives of the respondents (Yin, 2018). 

All interviews, except for the interviews with the Swedish municipalities, were 
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conducted by myself. For the first multi-site case study, I conducted 254 

interviews with respondents from the municipalities in Denmark, Estonia, 

Finland, and Norway. My colleague carried out the remaining 87 interviews with 

the Swedish municipalities. For the second multi-site case study, I conducted 34 

interviews with respondents from municipalities in Estonia and five interviews 

with service contractors. Although I performed the majority of the data collection, 

the data, interview guides, and other relevant aspects were continually discussed 

and reflected upon with other researchers. Throughout the studies, there was no 

sense that the respondents were afraid to expose their opinions and thoughts, as 

the interviews were carried out anonymously. In contrast, the respondents were 

collaborative and open to discussing both the positives and negatives of 

implementing IoT. 

All interviews were semi-structured and followed a predetermined interview 

guide with open-ended questions. This enabled predetermined topics to be 

addressed, while allowing the interviewees to discuss additional topics and new 

topics to emerge. For example, in the second study, predefined questions covered 

various aspects surrounding the use of IoT in road maintenance, such as the 

importance of data, ethical risks, collaboration between different actors, and 

organisation of winter road maintenance. The interview guides were iteratively 

changed according to the research conducted prior to the interviews. The 

interviews were carried out in person when possible and over the phone or 

through e-mail in other circumstances. All interviews were recorded and 

transcribed later. In the first study, only those municipalities that had 

implemented IoT and the people responsible for those projects were interviewed. 

In the second study, I interviewed people who were responsible for winter road 

maintenance services in the municipalities, and the people from private 

companies who were contracted to deliver winter road maintenance. The 

interview transcript was essentially the same for public officials and private 

contractors, differing only in the perspective from which the questions were asked 

and answered. Private contractors were interviewed to understand winter road 

maintenance and the external perspective, and to place the collected information 

into context. See Table 4 for an overview of the respondents in the two studies. 

 IoT use in Northern Europe Smart winter road 
maintenance 

Research site Municipalities in Denmark, 
Estonia, Finland, Norway, and 
Sweden as well as how and if 
they have implemented IoT 

Municipalities in Estonia, 
which had implemented IoT in 

winter road maintenance 

Data collection 
period 

December 2016 and March 
2018 

March and December 2017 
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Number of 

participants 

contacted 

1326 municipalities 

 

202 municipalities 
34 service contractors 

Number of replies 337 municipalities 81 municipalities 
12 service contractors 

Number of 

respondents 

341 respondents from 337 

municipalities, among which a 

colleague interviewed 87 

34 respondents from 30 
municipalities 

5 respondents from 5 service 
contractors 

Interview length Average interview: 30 minutes Average interview: 42 minutes 

Table 4. Overview of respondents for the two studies 

In addition to conducting the interviews, supporting documentation was 

collected and reviewed where possible. Supporting documentation was collected 

as part of both multi-site case studies and was used as multiple sources of 

evidence to improve the understanding of each organisation, the technology 

implemented, and their objectives and use. Furthermore, supporting 

documentation was collected and reviewed during the research to prepare for the 

interviews, better understand how the devices and systems worked, and 

understand why municipalities had implemented IoT. For example, procurement 

documents and public statements provided us with additional insights into 

winter road maintenance. The supporting documentation included publicly 

available information on each municipality and the deployed solutions; for 

example, governmental reports, public statements, procurement documents, 

technical files, municipality strategies, and press releases. All data were collected 

in a digital archive during the study, which contained the interview transcripts, 

field notes, and documents. Table 5 presents an overview of the supporting 

documentation used in the two studies. 

 IoT use in Northern Europe Smart winter road 
maintenance 

Supporting 
documentation 

146 procurement documents 
373 public documents 

151 technical documents 

35 procurement documents 
77 public documents 

47 technical documents 

Table 5. Overview of supporting documentation 

Observations were also used during the second multi-site case study. As the 

phenomena that I studied were not purely historical, the observations provided 

me with additional sources of evidence and a better understanding of the actual 

use of the technology (Yin, 2018). The observations were mainly concerned with 

work practices and IoT systems, and were used to gain an increased 
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understanding of the winter road maintenance, and culture and operation of the 

organisations, as well as to understand how IoT was put into practice. As part of 

the observations, I requested the respondents to demonstrate the IoT system, 

while taking detailed notes on how the IoT system functioned. In 19 

municipalities, the respondent and the first author inspected the road conditions 

using vehicles to provide the author with an empirical understanding of the 

context.  

5.4 Data analysis 

A qualitative research process was followed to analyse the data (Eisenhardt, 1989; 

Miles, Huberman, & Saldana, 2014), in which the data were analysed using a 

theoretical framework (Walsham, 2006). The data analysis was performed in 

three steps, and in general, it was the same for all four research papers. Apart 

from the first and fourth research papers, the analysis was carried out by myself 

alone. This means that comparisons of the coding and analysis were not 

conducted with colleagues. 

As a first step, a framework or existing theory was used to generate an initial set 

of theory-driven codes. Using a theoretical framework also allowed for the 

creation of an initial theoretical framework that formed the basis for empirical 

work. The main purpose of this was to provide additional details, strengthen the 

understanding of the main concepts, and interpret the different dimensions of 

the public sector and IoT. For the second and third research papers, my 

colleagues and I first agreed on the interpretation of the framework and its 

application to the material. Subsequently, we applied the codes individually to an 

excerpt of the data. Thereafter, we compared and discussed the codes. The data 

analysis was an iterative process in which we repeated the process until all 

researchers agreed on how the theory-driven codes should be interpreted. The 

agreement was only achieved when the coding overlapped and Cohen's kappa was 

deemed satisfactory. For example, in the third study, the coding overlap was 

92.6%, whereas Cohen's kappa was 0.852. Similarly, we allowed new theoretical 

themes to emerge. As a result, I adapted and extended the existing frameworks in 

all four studies. For example, in the second study, we adopted the digital 

transformation strategy framework (Matt, Hess & Benlian, 2015) and interpreted 

the relevance of the four dimensions to the smart city context. This marks a 

relevant juxtaposition to the private sector, for instance, with regard to 

interpreting the financial aspects in relation to public expenditures and tax 

revenues as opposed to costs and profit. Second, we provided additional detail to 

the four dimensions by drawing upon the relevant literature where necessary to 

adapt it to the public sector context. Table 6 provides an overview of the 

frameworks that were adapted to generate theory-driven codes. 
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Papers Framework 

Paper 1 Velsberg, O. (2018). The 
Outcomes of the 

Implementation of Internet of 
Things: a Public Value 

Perspective, IFIPIoT 2018: 
Internet of Things. 

Information Processing in an 
Increasingly Connected 

World, pp. 59-75. 

Public value framework 
adapted from Harrison et al. 

(2012) 

Paper 2 Velsberg, O., Jonsson, K., 
Westergren, H. U. & Saarikko, 
T. (2021). IoT Triggers. How 

municipalities are 
transforming to smarter cities 

through IoT use, 
Scandinavian Journal of 

Information Systems. 

Smart city transformation 
framework adapted from Matt 

et al. (2015).  

Paper 3 Velsberg, O., Westergren, H. 
U. & Jonsson, K. (2020). 

Exploring Smartness in Public 
Sector Innovation - Creating 

Smart Public Services with the 
Internet of Things, European 

Journal of Information 
Systems, 29(4), pp. 350-368. 

Smartness framework adapted 
from Nam & Pardo (2011, 

2014). 

Paper 4 Velsberg, O. (2021). Ethics of 
the Use of IoT in the Public 

Sector – Case Study on Smart 
Winter Road Maintenace, 

Submitted to International 
Journal. 

Ethical perspectives adapted 
from Caron et al. (2016) 

Table 6. Author use and adaption of frameworks for each research paper 

In the second step, I independently coded all data from the digital archive using 

the codes that were identified from the frameworks. The insights gained from the 

joint coding guided my work in the second and third research papers.  

In the third step, the coded segments and their distribution across the 

municipalities were analysed to identify the commonalities and deviations for 

each coded segment. Within the second and third research papers, we 

subsequently discussed the findings with a particular emphasis on recurring 

themes to minimise subjective bias and promote shared, inter-subjective 

interpretations of the results (Orlikowski & Baroudi, 1991). Finally, the findings 

were applied to answer the research question. ATLAS.ti was used for the second 

and third steps of the data analysis in all four studies. 

Each of the four research papers contributes to the understanding of public sector 

smartness. By combining the findings from each research paper that addressed 
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different aspects, a meta-analysis was conducted to understand how IoT 

contributes to public sector smartness. Table 7 provides an overview of my 

contribution to the data collection and analysis of each research paper. 

Papers My contribution 

Paper 1 Velsberg, O. (2018). The 
Outcomes of the 

Implementation of Internet of 
Things: a Public Value 

Perspective, IFIPIoT 2018: 
Internet of Things. 

Information Processing in an 
Increasingly Connected 

World, pp. 59-75. 

Singe author responsible for 
data collection and data 

analysis. 

Paper 2 Velsberg, O., Jonsson, K., 
Westergren, H. U. & Saarikko, 
T. (2021). IoT Triggers. How 

municipalities are 
transforming to smarter cities 

through IoT use, 
Scandinavian Journal of 

Information Systems. 

First author; separate data 
collection processes by the 

first and fourth author; 
responsible for data collection 
concerning Denmark, Estonia, 

Finland, and Norway. All 
authors were responsible for 

the analysis; however, only the 
first author was responsible 

for the coding. 
Paper 3 Velsberg, O., Westergren, H. 

U. & Jonsson, K. (2020). 
Exploring Smartness in Public 
Sector Innovation - Creating 

Smart Public Services with the 
Internet of Things, European 

Journal of Information 
Systems, 29(4), pp. 350-368. 

First author; responsible for 
data collection. All authors 

were responsible for the 
analysis; however, only the 
first author was responsible 

for the coding. 

Paper 4 Velsberg, O. (2021). Ethics of 
the Use of IoT in the Public 

Sector – Case Study on Smart 
Winter Road Maintenance, 
Submitted to International 

Journal. 

Singe author; responsible for 
data collection and data 

analysis. 

Table 7. Author contribution of each research paper 
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Chapter 6 

Research Papers 

This dissertation is a collection of peer-reviewed scholarly papers published in 

various IS journals and conference proceedings. I have published papers 

throughout my PhD to ensure that the research topics are still relevant and to 

ensure the quality of the research. The peer-review process has provided me with 

invaluable knowledge on designing my studies, thereby assuring their validity 

and suitability for publication. Furthermore, it has enabled me to plan further 

studies considering the feedback of the peer reviewers. 

Each of the four research papers contributes to studying the role of IoT in the 

development of smart public services and how IoT can result in public sector 

smartness. Each article addresses a different aspect of this topic, and in 

combination, the papers provide a comprehensive overview of the study subject. 

In this chapter, I summarise each of the four research papers and outline their 

main contributions. The four papers are appended to the dissertation. Each 

subsection consists of two distinct parts. The first part provides a general 

overview of the paper, most notably regarding the research setting, theoretical 

framework, and findings. The second part outlines the main contributions of each 

of the four studies.  A summary of the four studies is provided in Table 8. 

 Paper 1 Paper 2 Paper 3 Paper 4 

Research question What public 
value does IoT 
create in the 

public sector? 

Within which 
application 

areas do 
municipalities 
use IoT, and 
how does the 
implementati
on of IoT in 
this context 

trigger change 
and enable 

smarter 
cities? 

How does the 
application of 

IoT within 
public sector 

service 
innovation 

contribute to 
public sector 
smartness? 

In the context 
of the public 
sector, which 
are the ethical 
perspectives 

relating to IoT 
use and how 

can these 
perspectives 

be addressed? 

Theoretical 
framing 

Public value 
framework 

Smart city 
transformatio
n framework 

Smartness 
framework 

Ethical 
perspectives 
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Unit of analysis Municipalities 
in Estonia 

Municipalities 
in Denmark, 

Estonia, 
Finland, 

Norway, and 
Sweden  

Municipalities 
and private 

contractors in 
Estonia 

Municipalities 
and private 

contractors in 
Estonia 

Methodology Qualitative Qualitative Qualitative Qualitative 

Contribution The research 
contributes to 
understandin

g how IoT 
enables a 

smarter public 
sector and 

what public 
value it 

creates, and 
introduces the 

negative 
aspects of 
IoT-based 

public value 
creation 

mechanisms. 

  The research 
reveals how 

IoT enables a 
smarter public 
sector and in 
which areas it 
has done so. 
The research 

highlights 
four distinct 
methods by 
which IoT 

triggers digital 
transformatio
n and enables 

smartness. 

  The study 
demonstrates 

how the 
application of 

IoT in the 
public sector 
provides both 
internal and 

external 
benefits, and 

affects the 
smartness 

dimensions 
through a 

combination 
of technology, 

people, and 
organisations. 

 The research 
highlights the 
main ethical 

concerns 
relating to IoT 

use and 
proposes how 
municipalities 

and private 
companies 
can address 
these ethical 

issues. 
   

 

Table 8. Summary of research papers 

6.1 Summary of research paper 1 

Velsberg, O. (2018). The outcomes of the implementation of Internet of Things: 

A public value perspective In L. Strous, & V. G. Cerf (Eds.), Proceedings of the 

IFIP International Internet of Things Conference (pp. 59-75), Poznan, Poland: 

IFIP International Internet of Things Conference. 

The first research paper focuses on the use of IoT in Estonian municipalities, and 

investigates how IoT solutions add value to local governments and the public. One 

of the study initiators was previous research that indicated that close to 60% of 

IoT initiatives stall at the proof-of-concept stage, and 75% of completed IoT 

projects fail to deliver any value at all (Johansen, Culp & Mora, 2017). The 

Standish Group CHAOS report (Standish Group, 2015) similarly demonstrated 

that almost 84% of IT projects partially or completely fail. Regardless of the 

associated risks, public and private sector investments in IoT have exceeded one 

trillion Euros. Almost 26% of all IoT initiatives are carried out within the public 

sector (European Commission, 2015; GrowthEnabler, 2017; McKinsey, 2015). 

Within this context, it becomes questionable whether the investments made and 

risks taken by the public sector are proportional to the value creation potential of 

IoT. Although IoT has been argued to be pivotal in transforming the manner in 



 

39 

which public organisations operate, there has been a lack of studies that address 

the topic from an empirical perspective by drawing on multiple cases. 

Consequently, to study the type of public value that is created by IoT projects, I 

conducted qualitative research among Estonian municipalities. I contacted 202 

municipalities in Estonia to obtain a thorough overview of IoT in the public 

sector. Among these, 46 municipalities had implemented IoT within their 

municipalities and were included in the study. I decided not to include 

municipalities that were in the midst of carrying out IoT projects to avoid ex-ante 

predictions of potential public value. 

I applied a public value framework based on the research of Harrison et al. (2012) 

and Nam and Pardo (2014) to study the value of the IoT projects that were created 

among the participating municipalities. The public value framework consists of 

six value-creation mechanisms (efficiency, effectiveness, intrinsic enhancements, 

transparency, participation, and collaboration) that serve the interests of 

stakeholders both within and outside the public organisation. Consequently, all 

value creation dimensions were studied from the perspective of public 

organisations, and considered from an external view (interactions with citizens, 

private companies, and other relevant non-governmental organisations) and 

internal view (interactions within the local government). The incorporation of the 

public value perspective was relevant as it allowed me to understand the 

outcomes of government investments, and the relationship between IoT projects 

and public value delivery. The study identified that the Estonian municipalities 

had implemented over 30 different IoT solutions in 158 separate cases. Among 

the use cases, transportation (31%), buildings (18,3%), and utilities (14,6%) 

constituted the most significant number. Effectiveness was the most commonly 

achieved outcome of the projects (in 59,5% of solutions), followed by efficiency 

(in 47,5% of solutions), transparency (in 42,4% of solutions), collaboration (in 

28,5% of solutions), participation (in 20,3% of solutions), and intrinsic 

enhancements (in 12% of solutions). 

Regarding the overall dissertation, this paper contributes to understanding how 

IoT enables a smarter public sector and the public value that it creates, and 

introduces the negative aspects of IoT-based public value creation mechanisms. 

The study demonstrates that IoT has emerged as an enabler of a smarter public 

sector and is used extensively by different local governments. However, the 

opposing needs of different stakeholders could negatively affect the 

municipalities. The study indicates that the use of IoT technologies promises a 

smarter public sector through increased efficiency, effectiveness, transparency, 

and collaboration. The findings further reveal that although efficiency was the 

most commonly stated reason for carrying out IoT projects initially, effectiveness 

was the most widely achieved outcome. As a result, local governments have 

increasingly focused on more qualitative value dimensions, such as transparency, 
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effectiveness, and participation, in their projects. However, the results suggest 

that while collaboration, transparency, and participation may create public value, 

they may also negatively affect the efficiency and effectiveness of the projects. 

Therefore, without a clear goal, the local government should refrain from making 

information publicly available. Instead, in many cases controlled secrecy could 

prove to be more beneficial for deriving public value. Local governments should 

consider the role of external and internal actors in the creation and use of data to 

decide how to handle the data. 

Improved smartness owing to IoT initiatives requires organisations to use the 

generated data to change the manner in which they operate; thus, management 

and policy changes play a substantial role. Information governance as part of IoT 

projects has been demonstrated to be inadequately addressed. Therefore, greater 

attention is required in the post-implementation phase. Finally, the research 

indicates that public organisations do not evaluate the outcomes of IoT projects. 

Instead, organisations tend to assess whether the technology works, rather than 

the impact or value thereof. Without an assessment, it becomes difficult for public 

organisations to evaluate and reflect on how to derive more substantial outcomes 

from the technology that is deployed. Public value derivation cannot rest on the 

implementation of IoT solutions alone, but must include improvements in 

management and policy according to the data that are generated by the devices. 

6.2 Summary of research paper 2 

Velsberg, O., Jonsson, K., Westergren, U. H. & Saarikko, T. (2021). “IoT Triggers: 

How municipalities are transforming to smarter cities through IoT use”, Accepted 

at Scandinavian Journal of Information Systems. 

The second research paper builds on the first paper. The first research paper 

demonstrates that IoT has emerged as a key enabler of smartness by contributing 

to the creation of smart public services. However, there is a dearth of research 

that empirically and systematically investigates the transformative effects of IoT 

in the public sector (Visvizi & Lytras, 2018a). Moreover, the application of IoT is 

only one piece of the complex puzzle of the digital transformation of the public 

sector towards the smarter public sector. To understand how to engage with IoT 

for a transformative agenda and to explore IoT-driven digital transformation 

better, this study draws upon multiple cases and contexts, and examines the 

actual use of the technology. For this purpose, we carried out qualitative research 

among local governments in Northern Europe. In total, 337 municipalities from 

Denmark, Estonia, Finland, Sweden, and Norway participated in the study.  

The results of our study demonstrate that approximately 65% of municipalities 

use IoT in some form. Approximately 50% of municipalities reported that they 
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had implemented IoT within transportation and infrastructure, followed by 

utilities, environmental monitoring, and buildings. To study the manner in which 

the application of IoT can support the innovation and development of new 

business models and processes within the public sector and to reflect on the 

potential implications, we adopt the digital transformation strategy framework 

(adapted from Matt et al., 2015 to the public sector context) and its four 

categories: 1) the use of technology; 2) changes in value creation; 3) structural 

changes; and 4) financial aspects. By analysing our data through the four 

dimensions of the smart city transformation framework, we can better 

understand how IoT triggers the necessary changes for cities to become smarter. 

The main contributions of this study are revealing how the use of IoT enables a 

smarter public sector. First, our study argues that although public sector use of 

IoT within the smart city sphere is in its early stages, and is commonly in the 

explorative and piloting phase, smart cities are increasingly relying on IoT 

solutions. Although IoT is used across several application areas, certain key areas, 

such as education, care, and support, lack available commercial solutions. The 

findings demonstrate that the lack of such solutions negatively affects interest in 

public investment. Thus, greater emphasis must be placed on creating and 

providing products and services that satisfy the base requirements and needs of 

local governments. 

Furthermore, whereas previous studies have linked the size of the municipality to 

the IoT implementation rate, our study indicates that IoT implementations are 

found in both large and small municipalities. This discordance with previous 

research could stem from the increasing availability and decreasing costs of IoT 

devices, which makes them accessible to smaller municipalities with fewer 

resources. Finally, our study demonstrates how the implementation of IoT 

triggers digital transformation and enables a smarter public sector across a range 

of empirical contexts in the public sector by contextualising the theoretical 

framework adapted from Matt et al. (2015). In this study, we outline how IoT 

prompts direct and indirect digital transformation within municipalities owing to 

newly implemented IoT solutions, and subsequent hidden and additional work 

practices, such as the shift towards data analytics and data governance. The 

findings reveal that digital transformation in smart cities partially originates from 

the many factors surrounding the implementation, such as the desire to create 

more efficient public services, increase transparency, tailor services to user needs, 

and empower citizens. IoT projects that stem from the objective to appear 

modern are difficult to sustain over time, and the direct value of such projects is 

challenging to measure. However, even these projects have initiated tangible 

transformations with regard to organisational images and digital agendas.  
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In terms of the changes in public sector smartness, IoT has triggered data-driven 

decision-making and the provision of public services, which has created an 

urgency and a need for information governance. Municipalities have adopted 

organisational processes to suit IoT and the data that it generates by tackling 

existing structural and knowledge-related issues, such as improving IT 

competence and moving away from stovepipe IoT systems. Consequently, to 

enable a smarter public sector, substantial support and commitment must be 

received from various stakeholders, who require a clear understanding of how 

emerging technologies may create value. Our study identifies the risk of 

innovation lockdowns relating to the mismatch between strategic needs and 

financing mechanisms. These issues can be partially resolved by innovation-

oriented financing, which allows for the transition from procuring stovepipe 

systems to starting IT innovation projects. 

6.3 Summary of research paper 3 

Velsberg, O., Westergren, U. H., & Jonsson, K. (2020). “Exploring smartness in 

public sector innovation - creating smart public services with the Internet of 

Things” European Journal of Information Systems, 29(4), pp. 350-368. 

This study draws upon data that were collected from 30 Estonian municipalities 

that had used the IoT to improve winter road maintenance services. The primary 

focus of our study was understanding how IoT can contribute to public sector 

smartness. Previous studies have demonstrated that the adoption of emerging 

technologies helps public organisations to become more agile and resilient (Gil-

Garcia et al., 2013). However, this does not occur automatically. Thus, there is a 

need for a more nuanced view of the smartness concept (Allwinkle & Cruickshank 

2011; Begg, 2002; Hollands, 2008). We applied a smartness framework (adapted 

from Nam & Pardo,2011, 2014), which includes the aspects of efficiency, 

effectiveness, transparency, and collaboration from both the internal and 

external perspectives. As the research focused specifically on the use of IoT, we 

adapted the framework to illustrate how the application of IoT within public 

sector services contributes to public sector smartness and affects the functioning 

of public organisations. 

The study demonstrates how the application of IoT in the public sector provides 

both internal and external benefits, and affects the dimensions of the smartness 

framework through a combination of technology, people, and organisations. 

Furthermore, we illustrate the value of the dimensions of efficiency, effectiveness, 

collaboration, and transparency in identifying and discussing innovation 

outcomes in public services. By considering contextual conditions and being 

specific regarding the role of technology, we can provide deeper insights into 

public sector innovation processes. Efficiency is a critical factor in the decision by 



 

43 

public sector bodies to invest in IoT, and in this paper, we demonstrate how IoT 

systems can aid in streamlining processes. Effectiveness has been shown to be 

difficult to achieve if organisations preserve the same work practices with the 

support of the IoT solution, rather than using the gathered data to develop new 

and innovative public services. The increase in transparency provided by IoT 

enables transparent decision-making and creates unforeseen problems when 

processes and actors become more visible to citizens. Moreover, IoT facilitates 

collaboration, as different actors can access the same data and engage in 

collaborative work. However, this requires willingness for open and active 

commitment from both internal and external actors. Finally, we demonstrate that 

the IoT smartness framework can be applied to explore how emerging 

technologies affect the organisation, and how they are likely to influence internal 

and external functioning. Overall, it helps us to understand where smartness in 

the public sector context appears and how it can be researched. 

6.4 Summary of research paper 4 

Velsberg, O. (2021). “Ethics of the Use of IoT in the Public Sector – Case Study 

on Smart Winter Road Maintenance”, Submitted to International Journal. 

The final research paper investigates the ethical perspectives relating to IoT and 

how public sector organisations can address these issues. With the proliferation 

of IoT, several obvious ethical concerns arise that may lead to adverse outcomes, 

such as uncontrolled data generation and use, a lack of privacy, information 

security risks, and the re-identification of data. Similar to the third research 

paper, this work was based on a case study on winter road maintenance. In this 

study, I mapped the ethical concerns and key ethical perspectives relating to IoT, 

as discussed by Caron et al. (2017), on the collected data to identify the ethical 

perspectives relating to IoT use. The study demonstrates that the implementation 

of IoT raises significant privacy and commercial confidentiality concerns that 

need to be addressed for the successful use of IoT systems. Although privacy has 

received considerable attention, more attention needs to be paid to commercial 

confidentiality, particularly when external stakeholders are involved. The study 

further illustrates that certain ethical concerns are far more common than others. 

In the winter road maintenance, accuracy and privacy were the most common 

concerns, whereas control and accessibility were far less prominent. This can be 

explained by the manner in which public organisations and private contractors 

operate, whereby they are far more likely to share data and work closely with one 

another. If concerns regarding accuracy and privacy have been addressed, 

organisations can collaborate and work more closely. Thus, greater attention 

must be paid to collaboration and data sharing. 
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Furthermore, the research also proposes how municipalities and private 

companies can address different ethical issues. The analysis first demonstrates 

that data collection without consent of individuals consent could be a significant 

issue. This concern is driven by a lack of awareness and clarity regarding the 

collection and use of data. Conversely, it is necessary for both private contractors 

and municipalities to state why they collect the data and how they plan to use it; 

this significantly improves the trust and acceptance of using the IoT system. 

Second, IoT may raise ethical concerns as people are remotely monitored and 

vehicles are tracked. However, private contractors and individuals largely neglect 

such issues as they alter what constitutes personal and confidential data. It was 

found that individuals and private contractors are accepting of such 

infringements when they understand how data are controlled and accessed. 

Finally, previous studies have argued that a primary concern in the use of IoT is 

the quality issues relating to data collection and generation. This study found that 

how the data and different infographics are interpreted is more important. 

Therefore, public bodies and private organisations are encouraged to ensure that 

everyone can understand the data with minimal intervention, and that agreed-

upon data management practices are in place. 
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Chapter 7 

Discussion 

During the past couple of decades, an increasing amount of debates and studies 

on the future of local governments have occurred. These discussions are often 

influenced by the notion of smart cities, communities, and villages. ICT plays a 

significant role in shaping local governments to become smart (Hollands, 2008). 

IoT has been a significant force behind the push toward smartness. IoT is 

considered as the next radical evolution of the Internet into a network of 

connected physical objects that enable the interaction and collection of data from 

the physical world, and provide data analytics and service delivery. The 

development and use of IoT have exploded across society, affecting the 

environment, how individuals interact with their surroundings, and how 

businesses and governments operate. IoT has changed how local governments 

operate, and has transformed municipalities both economically and socially. As a 

result, IoT is one of the most transformational technologies for achieving 

smartness. However, smartness may downplay many underlying assumptions 

and challenges that are inherent in such technological initiatives (Begg, 2002). 

Innovation projects often fail to deliver value (e.g. Standish Group, 2015). Thus, 

a more nuanced view is required to assess the feasibility of any innovative 

solution and to decide how the public sector should manage these innovation 

projects. Local governments who wish to contribute to public sector innovation 

and transform the public sector must find means of working together with 

citizens, external companies, and other organisations. To address these 

challenges, this research addressed the following research question: 

How is IoT applied within the public sector, and how does it contribute to public 

sector smartness?  

Each of the four appended papers addresses the research question from a 

different perspective. First, I present the application of IoT in the public sector to 

enable smartness. Second, I discuss the key factors that determine the use of IoT 

within the public sector. Thereafter, I explain how the public sector can become 

smarter by implementing IoT. Finally, I discuss the ethical perspectives that must 

be considered to enable the use of IoT in the public sector. 

7.1 IoT use in the public sector 

The study discovered that IoT use varies significantly between countries and 

municipalities. The municipalities that participated were diverse in terms of their 

size and geographical location. Among all of the municipalities that participated 

in the study, 65% had implemented IoT. Table 2 in research paper two provides 



 

46 

an overview of the municipalities and the prevalence of IoT within them. As 

indicated, IoT implementation is widespread among local governments, and 

there is a much broader adoption of IoT within more varied areas than previously 

expected (Gil-Garcia, Pardo & Gasco-Hernandez, 2020). Thus, the findings 

demonstrate that local governments are already investing in IoT and have 

surpassed the planning stage (as noted in papers 1 and 2).  As IoT is not a 

homogenous product or system, the technology is sometimes utterly unfamiliar 

to the public sector. This lack of experience has led the public sector to carry out 

IoT projects without involving IT personnel, as IoT is not strictly considered as 

IT. As a result, IoT projects (typically stovepipe systems) are often led by project 

managers without any technical knowledge. Although these projects have faced 

many unexpected difficulties, this has enabled greater flexibility as the public 

sector organisations have not been strictly tied to the IT department. 

Consequently, the findings indicate that IoT empowers organisations and 

provides a means to democratise process monitoring, data collection and 

analytics, and decision-making. 

Although all municipalities in Northern Europe have comparable responsibilities 

and obligations, they face unique challenges regarding organisation, funding, 

attitudes, and competencies. Their unique circumstances certainly influence how 

they view new technologies as a solution to their problems and, as a result, how 

they implement IoT. For example, in rural areas, citizens must frequently travel 

considerable distances to public services. Thus, even negligible, fiscally 

conservative municipalities gain considerable value from the automation of 

various tasks, such as lawnmowing, maintaining street lighting, and heating, as 

skilled workers who could maintain on-site equipment have moved to cities. The 

research illustrates that IoT can be used to create smartness across several 

application areas within the public sector.  

The findings further suggest that IoT can be used for most needs and within every 

area of the public sector. However, based on the results, several key areas exist in 

which IoT is more widely used to create smartness. Transportation and 

infrastructure are the most prevalent application areas for IoT, with more than 

half of the participating municipalities applying IoT. Utilities and environmental 

monitoring follows transportation and infrastructure. The high prevalence of IoT 

is explained by the fact that these application areas represent certain critical areas 

for which that municipalities across all countries are responsible, such as the 

water supply, street lighting, and road maintenance. Other areas in which the 

provision of public services is similarly critical for municipalities, such as 

education, care, and support, lack IoT solutions. For example, the lack of 

generalisability of the solutions is the most common issue with IoT 

implementation in the care and support areas. As a result, solutions that have 
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been developed for specific use cases are not deemed appropriate by other 

municipalities or for large-scale implementation. 

Consequently, although education, care, and support often constitute the most 

significant part of the budget of a municipality, the lack of available solutions 

means that this application area is not experiencing wide-scale IoT use. A similar 

but even worse situation is that in education. Education is typically the most 

important area for municipalities; however, only several IoT use cases exist. 

These findings demonstrate that the expected results and wide-scale IoT 

adoption differ significantly from those expected by previous research (Gil-

Garcia, Pardo & Gasco-Hernandez, 2020). Figure 1 and Table 7 in research paper 

2 present an overview of each application area, outline some of the IoT solutions 

that have created smartness, and illustrate the distribution of the IoT solutions 

among the studied municipalities. Consequently, this research provides insight 

into which IoT solutions have been used within the public sector to become smart. 

7.2 Determinants of IoT use in the public sector 

Previous studies have argued that IoT is likely to affect every sector of society (Lee 

& Lee,2014). Indeed, research has demonstrated that the public sector is using 

IoT extensively, thereby affecting many parts of society. However, the current 

maturity of IoT systems does not meet public sector needs, particularly those 

relating to sectoral needs. There is a lack of available solutions (as noted in papers 

1 and 2). Although municipalities carry out innovation and proof-of-concept 

projects in various domains, they are typically not considered to be suitable for 

wide-scale implementation. Consequently, although municipalities are 

increasingly relying on IoT solutions, several critical application areas lack 

available commercial solutions. The lack of commercially available solutions was 

found to be particularly relevant in significant domains such as care and support, 

education, crime prevention and culture, tourism, and sports. The lack of 

available solutions means that the public sector cannot use IoT in vital areas. 

However, more importantly, it undermines the general interest of the public 

sector in investing in IoT and has a detrimental influence on the quest for 

smartness. Therefore, to support the use of IoT in the public sector and the 

transition towards smartness, it is essential to provide solutions that satisfy the 

basic requirements of the public sector (as noted in papers 1 and 2). Proof-of-

concept projects involving numerous stakeholders enable the cost-effective 

testing of hypotheses and aid in delivering solutions that meet these basic 

requirements. 

During the study, I observed that the implementation of IoT varied among 

countries. This also meant that the municipalities had different views on whether 

the solutions met their needs. For example, in Denmark and Sweden, 
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municipalities commonly use emergency bracelets to assist and empower elderly 

people (as noted in paper 2). However, in Estonia, only a couple of municipalities 

had implemented these devices, and even then, they were considered to be 

impractical (as noted in paper 1). Similarly, I observed differences in the rationale 

for implementing IoT. In Estonia, Finland, and Norway, the implementation was 

generally more focused on efficiency (as noted in paper 2). However, in Denmark, 

different IoT solutions were aimed at providing social benefits (as noted in paper 

2). For example, in Egedal, Denmark, the municipality implemented luminous 

animal sculptures to encourage the use of bicycle helmets and to make cycling 

more fun for children. In Estonia, a similar project was carried out in Tallinn that 

related more to understanding how to encourage citizens to wear helmets. In 

summary, the findings illustrate that IoT use differs significantly among 

countries and municipalities. Although all municipalities within the Northern 

European context have similar duties and commitments, one cannot ignore the 

fact that they face different conditions in terms of the structure, financing, 

attitudes, and competencies. Their unique situations inevitably affect their 

perspectives on new technologies as a solution to their challenges. Thus, the study 

supports and validates previous theoretical research findings, which have argued 

that there is not simply one unique paradigm of smart city evolution throughout 

the world (Neirotti et al., 2014). Consequently, the public sector should use IoT 

based on their unique needs rather than for the default use case. 

Earlier studies have argued that larger cities have more human capital (Elvery, 

2010), have more potential users to adopt emerging technologies, and solutions 

that are established even faster (Neirotti et al., 2014). Furthermore, previous 

research has indicated that larger cities have more resources to invest in 

infrastructure investments (Bhattacharya, Oppenheim & Stern, 2015) and are 

more likely to carry out innovative projects. However, whether this is owing to 

the nature of IoT implementation or the relatively small size of municipalities in 

Northern Europe, the research did not identify that those projects in larger 

municipalities scaled up or broke even faster compared to similar projects in 

smaller cities and municipalities. Stovepipe IoT systems broke even faster in rural 

municipalities than similar projects in larger cities (as noted in papers 1 and 2). 

Projects that broke even faster were evident in distributed infrastructure projects, 

such as street lighting, maintenance of buildings, and waste management. 

However, several IoT solutions are typically used in cities, such as air quality 

sensors. Consequently, whereas the size of the municipality has previously been 

argued to affect the likelihood that a project is carried out and that the innovation 

project will succeed, this view does not hold ground with regard to IoT 

implementation. In contrast, the research found that IoT is used by large and 

small municipalities (as noted in papers 1, 2, and 3). For example, in Estonia, 83% 

of the municipalities that implemented an IoT solution had less than 15 000 

citizens. Therefore, according to this research, it is more important to focus on 
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determining the best value creation opportunities and to orchestrate digital 

transformation processes within the public sector than to consider that the size 

of the municipality plays a significant role (as noted in papers 1, 2, and 3).  

7.3 Towards smartness 2.0 

Most experts agree that the adoption of emerging technologies will promote the 

shift to smartness by making public organisations more adaptable and resilient 

(Gil-Garcia et al., 2014). However, investment in new technology does not 

guarantee innovative services, thereby prompting experts to argue for a more 

nuanced approach to the smartness concept (Allwinkle & Cruickshank, 2011; 

Begg, 2002; Hollands, 2008). According to a previous study, digital technology 

must transform organisational processes to provide value (Brynjolfsson & Hitt, 

2000). Based on the findings, innovation is linked to the context in which it 

occurs, since it was discovered that the use of the same technology in different 

circumstances may produce different outcomes. This demonstrates the 

importance of contextual factors such as knowledge, routines, and people in 

creating innovation (Brewer & Selden, 2000; Kim, 2005; Meijer, Gil-Garcia & 

Bolívar, 2016). The findings contribute to a better understanding of the concept 

of smartness by emphasising the importance of context, the role of technology, 

and how these are entangled. In line with a previous study by Neirotti et al. 

(2014), the findings indicate that there is not simply one unique paradigm for 

public sector smartness. IoT implementation allows the public sector to solve 

issues and to achieve results regardless of their background and needs. The 

following sections introduce four distinct means by which IoT enables public 

sector smartness, and supports digital innovation and the development of new 

business models and processes.  

7.3.1 Contextual awareness 

The findings indicate that, in many cases, the choice of a municipality to deploy 

IoT technology is motivated by a desire to provide more efficient public services 

(as noted in papers 1, 2, and 3). Indeed, previous research has mainly articulated 

IoT value in terms of economic value, (Prasopoulou, 2017). However, the results 

suggest that public organisations are increasingly focusing on other dimensions 

in addition to efficiency; most commonly, effectiveness and transparency (as 

noted in papers 1 and 3). Therefore, local governments are increasingly 

considering other objectives, such as effectiveness and collaboration, as the most 

sought after, even if efficiency (e.g. time or cost) has been stated as the primary 

implementation goal. This finding is consistent with prior studies that 

demonstrated that IoT can create and use context-aware data to track, monitor, 

and sustain smart public services (Atzori et al., 2010; Jin et al., 2014; Zanella et 

al., 2014). The sharing of data with citizens, businesses, and academia and the 

delivery of context-specific services demonstrates that IoT can revolutionise work 
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processes, encourage new services, adjust them to user needs, and empower 

citizens, even all simultaneously. The research demonstrates that IoT application 

triggers contextual awareness, which increases community smartness, as 

described in previous research; for example, by improving efficiency, 

effectiveness, transparency, and collaboration (Nam and Pardo, 2014; Velsberg 

et al., 2020). However, previous research (Harrison et al., 2012) has argued that 

transparency and collaboration are a means towards a desirable end. Based on 

the findings, I conclude that they should be considered as an organisational goal 

only when there is a clear understanding of the value created (as noted in paper 

1).  

Bernstein (2017) posited that the benefits of transparency may become risks 

when the perspective is changed from the observer to the observed. In the case of 

municipalities, the generated data may interfere with the service provision. 

Hence, each case should be evaluated to determine whether the external and 

internal actors should share data and engage in public services. The findings thus 

provide important insights for research on public sector transparency and IoT 

implementation, demonstrating that transparency requires balancing of the 

benefits and risks (as noted in papers 1 and 3). The findings further reinforce the 

importance of adopting a process perspective of digital transformation (Vial, 

2019) to capture the 'here and now' and the emerging changes resulting from new 

digital technology. For example, the narrow focus on efficiency means that most 

municipalities have concentrated on improving existing tasks to save time and 

money. This has prevented organisations from leveraging the underlying 

potential of the technology to make disruptive or radical changes and to create 

new services or processes (as noted in paper 3). Thus, it can be argued that 

although efficiency is widely regarded as a desirable outcome of digital public 

sector innovation (Cordella & Bonina, 2012), a solitary focus on enhancing this 

smartness dimension may result in only incremental innovation being fostered, 

rather than more creative and ground-breaking developments being encouraged. 

Furthermore, the adoption of IoT has symbolic value, with early adopters 

portrayed as technologically adept and progressive. Several municipalities view 

their IoT projects as demonstrating to present and potential citizens and 

companies that they were forward-thinking and tech-savvy. As a result, the focus 

has moved from IoT as a conventional technology deployment project to a 

potential cornerstone for the new digital strategy for the entire municipality. In 

many respects, IoT has been the first step towards a more data-driven change in 

local government, causing municipalities to prioritise data management, data-

driven decision-making, and open data. IoT is not only used to increase the 

awareness of specific contexts or to help local governments to anticipate and meet 

citizen needs better, as has been noted in previous studies on smartness (Mergel 

et al., 2019), but it is also a key component in becoming aware of and changing 



 

51 

the image and digital agenda of the municipality. However, the use of IoT to 

improve reputation can sometimes work against the effectiveness and efficiency 

that it is designed to increase, as projects are often driven by image and 

appearance rather than utility. As noted in paper 3, the research demonstrates 

that IoT projects that were initiated out of a desire to appear modern are more 

challenging to maintain over time as the 'value' from the project had already been 

achieved. Nonetheless, these projects are valued for their potential social and 

political significance. Consequently, although the direct value of such projects is 

frequently unclear and difficult to measure, intangible transformations occurs, 

such as a shifting of focus to the future outlook of organisations and 

municipalities (as noted in papers 1 and 3). For example, these projects later lead 

to additional improvements and initiatives, such as inclusive municipality 

management, in which individuals provide location-based data on municipal 

issues. In short, the research demonstrates that the symbolic value of digital 

technology must be considered, as it can have a significant impact on the overall 

smartness of the public sector.   

7.3.2 Data-driven value creation 

IoT generates data that can be analysed to provide valuable insights and seamless 

customer-centric services. IoT can provide a constant stream of hard data, which 

may inform investment and government decisions through analysis. The concept 

of objective and up-to-date information offers significant appeal to both 

municipalities (Catlett et al., 2017) and private businesses (Watson & Wixom, 

2007). The research found that IoT triggers a data-driven perspective for 

decision-making and the provision of public services. However, similar to earlier 

research (Bunders and Varro, 2019), it can be difficult to transition to a data-

driven municipality. The findings indicate that stakeholders are not always aware 

of how data are collected or what the different data elements signify. The 

generated data have frequently been found to be unmaintained and unmeasured. 

Little attention has been paid to the validity and quality of data. Scalable storage 

and data management solutions are also lacking; the data are not linked, 

managed, shared, or analysed. Furthermore, raw data were rarely valuable 

because they provide no insight into the actual inefficiencies in processes and 

necessitate further analysis. In short, the research demonstrates that data 

governance and management are often overlooked and receive little attention, 

but are crucial for successful implementation. 

To address these issues, the engagement of organisations in various activities that 

can be broadly classified as data governance. Data governance is a broad concept 

that refers to the overall strategy of organisations for focusing on data as an asset 

within the organisation. It includes activities such as data storage, data protection 

and privacy, business intelligence, data analytics, master data management, open 
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data, and IT governance (DAMA International, 2017; Ladley, 2020). The 

importance of data governance for IoT has been outlined in previous research 

(Ma, Wang & Chu, 2013; Weber et al., 2009), and advocates for a holistic 

approach to data governance. According to the findings, the approach to data 

governance is not universal; instead, the structure, practices, and measures vary 

depending on the maturity, structure, and current practices of the organisation. 

In line with previous research (Cheong & Chang, 2007), the lack of trust in data 

quality and management results in a lack of trust in the analysis and hard data. 

Therefore, the research findings suggest that it is critical to consider how users 

perceive data quality and management. Value creation with IoT data necessitates 

a balanced approach that integrates value, ethics, and data management. For this 

purpose, specific roles are responsible for data in certain municipalities, whereas 

the business side of the organisation predominates in others. However, this is not 

a requirement or an indication for municipalities to use data. As a result, the use 

of data as a critical resource in public services is not only a technical issue, but 

also, and perhaps more importantly, a matter of business policy and management 

(as noted in papers 2 and 3). Therefore, data must be managed as an asset to 

enable public sector smartness. 

7.3.3 Reimagining organisational processes 

IoT is a collective phrase that represents a multilevel infrastructure rather than a 

single product or system (Borgia, 2014). The findings of all four studies indicate 

that municipalities are sometimes entirely unfamiliar with working with such 

technology, and lack the necessary knowledge and experience of planning, 

formalising, executing, and evaluating such projects. Furthermore, IoT was 

viewed as dangerous within the municipalities as dangerous because of the 

scarcity of technological competence to analyse and comprehend the underlying 

technology and data that it generates. As a result, public sector IoT projects are 

often led by project managers with little technical knowledge. The findings 

demonstrate that public organisations need to understand the transformative 

potential of IoT technology and apply it proactively to change existing processes 

if they wish to improve the organisation significantly. This requires clear 

management strategies that incorporate technological and process knowledge (as 

noted in paper 3).  

Therefore, municipalities have hired innovation officers who have helped with 

project application and, management, and can grasp the peculiarities relating to 

IoT. Other municipalities have gradually established internal capabilities and 

procedures to handle technology and new forms of value creation. For example, 

in Denmark, they have created a knowledge hub for sharing best practices and 

case studies. In Estonia, various workshops and seminars have been held on data-

driven decision-making. Indeed, previous studies have shown that IoT-related 
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projects tend to rely on interdisciplinary skill sets (Porter & Heppelmann, 2015; 

Saarikko et al., 2017). This is an approach that is not amenable to organisations 

that tend to be strictly divided by function; that is, education, transportation, and 

IT. The management of these initiatives necessitates knowledge of and authority 

to operate within operational and technological procedures. As IoT-based 

solutions frequently span numerous areas of knowledge and activity, governance 

standards and procedures are rarely followed. Thus, the research demonstrates 

that IoT investments trigger changes relating to organisational processes, as the 

existing structures are not well suited to the technology. 

The changes concerning organisational processes have prompted municipalities 

to assess customer satisfaction with public services, collect user feedback, and 

involve end-users. Such changes have impacted the organisation and 

management of projects as well as how public officials engage with citizens, 

industry, and research institutes. There have been significant improvements in 

the project planning process, such as obtaining a broader range of input for 

identifying key stakeholders, assessing the cost and timetable of the project, and 

determining functional and non-functional requirements (for example, providing 

as open data and open source, and carrying out data privacy audits). This has 

paved the way for municipalities to focus on transparency, data privacy, and open 

data as strategic issues, rather than as requirements that are forced upon them 

by government regulations and laws (Hashem et al., 2016). Municipalities that 

realised this started to publish data more aggressively, while also assessing which 

data types could be made publicly available (Liu et al., 2017). They addressed the 

potential risks of sharing the data and attempted to be more transparent in their 

data use, focusing on aligning policies with community expectations. Thus, IoT 

improves the complexity awareness and IT competence of the organisation in 

many respects, which advances project management, supports innovation 

management, improves data management concerning service delivery, and 

creates a cultural shift within municipalities away from stovepipe organisational 

structure systems and mindsets.  

The simple truth that technology is not a 'silver bullet' to fix all problems is 

arguably one of the more effective forms of transformation that municipalities 

experienced along their path to smartness. To grasp digitised tools and develop 

new processes more effectively, they have been forced back to the drawing board 

and to rethink the underlying processes, structures, and routines for the 

planning, procurement, and execution of public services (Saarikko et al., 2020), 

and as a result, to transform their organisation. In short, the research 

demonstrates that the realisation of smartness in public sector innovation 

requires the willingness to explore and adopt new work practices. Moreover,  IoT 

technology, management, and policy changes are necessary. For instance, the use 

of smart garbage bins or fleet telematics without changing how public 
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organisations operate has resulted in positive changes, but substantial benefits 

have required a change in management and policy. However, the findings suggest 

that most public organisations are handling the post-implementation phase of 

IoT inadequately, most notably regarding the application of the produced data.  

7.3.4 Innovation-oriented financing 

Municipalities frequently examine IoT solutions from an efficiency standpoint, as 

demonstrated in this study. Efficiency may have various meanings, although it is 

most commonly used to refer to cost and waste reduction. According to the 

findings of our study, the most prevalent goal and value provided by 

municipalities is cost reduction. For example, IoT has both a direct and an 

indirect effect on cost efficiency by improving the efficiency and transparency of 

public services. These findings are consistent with prior research, demonstrating 

that IT is most typically employed to aid in reducing costs and increasing 

efficiency (Gil-Garcia & Helbig, 2006). Our research demonstrates that economic 

efficiency is frequently the main objective of implementation, emphasising 

performance measurements. Owing to the manner in which public sector finance 

initiatives need to be approved internally within the municipality, projects must 

provide measurable value. As a result, neither the organisation nor its external 

partners are politically supportive of quality improvement initiatives. However, 

efficiency-driven programs often face a dilemma: governments with the greatest 

need to cut spending typically lack the means to invest in the technology that is 

required to achieve the desired savings. That is, municipalities face significant 

difficulties owing to a shortage of available funds, regardless of whether the 

investment will result in increased efficiency or other quality-enhancing effects 

in the longer term. As a result, municipalities risk becoming trapped in a financial 

quagmire with no way out, even when proven IoT solutions are available on the 

market. 

Many municipalities have devised innovative tactics to obtain funds for IoT 

deployments by packaging IoT projects as innovation projects to apply for 

innovation funding from external sources. Various innovation and research 

grants and European structural funds can be used to secure funding. Such 

mechanisms usually demand specified measurable outcomes, do not allow for 

one-time purchases of stovepipe systems, and do not encourage iterative project 

management. Most municipalities claim that they would not have been able to 

carry out IoT projects without external financial assistance. As a result, 

municipalities that previously relied on stovepipe systems have embarked on 

their first IT innovation projects, with cash provided to develop prototypes that 

will be evaluated in the field. Other options for financing IoT investments include 

bundling the investment with a service that is sold to citizens. For example, in 

Norway, water meters are required, and citizens and businesses bear the expenses 
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of the devices and their installation. As noted by Dutton and Duncan (1987), 

financial challenges force the organisation to act and reduce costs/increase 

revenues as well as to generate an inability to act on the other. Based on the 

research, municipalities can overcome these challenges by seeking alternative 

approaches to funding and by changing their perspective on project management; 

that is, to be driven by an innovative and open-minded perspective. Based on 

these findings, the distributed nature of IoT provides new means for the public 

sector to finance and carry out projects that are incomparable to typical IT 

projects. 

7.4 Ethical perspectives and methods to address them 

The research also explored the ethical perspectives relating to IoT in the public 

sector. Throughout all studies, it was imminent that IoT would raise various 

ethical perspectives that must be addressed when implementing IoT. For 

example, in the first study, the use IoT to collect data and the subsequent sharing 

of that data with the public results in a political disadvantage for elected officials. 

This allows competing municipalities to expose negative aspects and to lure 

citizens to their municipalities. However, there are also other concerns, such as 

the lack of human interaction, lack of trust in collected data, and how devices 

operate. The research illustrates that IoT use in the public sector raises various 

ethical concerns throughout municipalities and affects stakeholders both directly 

and indirectly (Strous, Solms & Zuquete, 2021). One of the key ethical concerns 

is privacy, indicating that it is a significant ethical perspective that requires 

consideration when implementing IoT. Previous research has found that IoT can 

impact privacy and that it necessitates a data protection approach, (Smith, Dinev 

& Xu, 2011). However, although privacy is already a well-known concept, the 

research demonstrates that commercial confidentiality receives less attention 

than it should (Caron et al., 2016).  

Furthermore, certain ethical concerns are significantly more prevalent than 

others. The most common concerns are accuracy and privacy, whereas control 

and accessibility are significantly less common. This can be explained by the fact 

that municipalities and external stakeholders collaborate closely, and share 

information on various processes, such as winter road maintenance, garbage 

disposal, and elderly care. Owing to the close collaboration between the 

municipalities and external stakeholders, and the transparency of processes, 

municipalities and external stakeholders can fill in for each other as needed. For 

example, public authorities occasionally take over the role of external 

stakeholders, in areas such as fleet management. According to the findings, 

collaboration and data sharing should be emphasised because these can unite 

disparate stakeholders and enable new, more effective operating models. These 

findings are in line with the conclusions of Ferber (2013). The findings indicate 
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that IoT affects operational models by combining a closed system approach with 

an open community perspective. As discussed in the following sections, 

numerous ethical perspectives can be addressed for communities to transition to 

an open system. 

7.4.1 Purpose limitation  

Previous research has suggested that one critical issue with IoT is the increased 

collection of data on individuals without their agreement (Kindberg & Fox,2002; 

Atzori et al.,2010), which allows for widespread surveillance of the actions and 

movements of people. Although collecting data without an individual's agreement 

may appear to be a severe concern, the research has revealed that these concerns 

are caused by a lack of understanding and clarity regarding data collection and 

use. If municipalities and other stakeholders operating IoT provide a clear 

indication of how the data will be used, the people affected by these systems are 

accepting of these devices collecting data on them. This includes various use 

cases, such as collecting data on utilities (heating, water use, and electricity), 

children's cycling habits, and fleet management. It is critical to explain to both 

internal and external stakeholders why the data are collected and how they are 

later used. This is best accomplished by stating the terms of the IoT system as 

part of the service-level agreement; for example, system maintenance, data 

preservation, and logging, or by stating the precise reason and scope of the data 

processing of the IoT system in local or national regulations or law, or through 

public documentation. Explaining the reasons for data collection and improving 

data processing transparency can dramatically improve the trust in and adoption 

of the system. As a result, public entities should ensure that data reuse conditions 

are proportionate, justified, non-discriminatory, and transparent. In the absence 

of such explicit requirements, private organisations and users will be 

disincentivised to collaborate with the government, thereby limiting the potential 

for digital transformation, such as through the introduction of new operational 

models for service delivery. The findings support the efforts of the European 

Commission (2020c; 2021b) to make data exchange and use more transparent.  

7.4.2 Data control 

The research demonstrates that individual violations of privacy raise ethical 

concerns, as people are monitored remotely. Privacy infringements are often 

outed by the positive outcome of the implementation, such as a better 

understanding of existing processes, enhanced efficiency, transparency, and cost 

savings. External stakeholders, such as private organisations and individuals, 

largely ignore privacy concerns if the benefits outweigh the risks. This is primarily 

accomplished by changing expectations, and redefining what constitutes 

personal and confidential information. Implementing internal and external 

controls on data accessibility and usage, enforcing logging requirements, and 
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providing the operation and administration of the relevant infrastructureare 

essential to facilitate data redefinition. All parties are willing to make personal 

and confidential data available to third parties under agreed-upon circumstances 

by providing private entities with a secure environment for data storage and 

processing using precise logging requirements. There have been calls for 

individuals and businesses to adjust their privacy expectations in light of the new 

reality brought on by IoT (Thierer, 2013). Such a change has been driven by 

transparency, trust, and security, rather than simply adjusting privacy 

expectations; the latter is more of a pretext. However, several restrictions on data 

protection and security, such as requiring data to be available on the premises 

and prohibiting the use of cloud environments, significantly impedes such 

endeavours significantly. As a result, both the public and private sectors are urged 

to think critically about infrastructure management and operation, while 

balancing their expectations for security and privacy. Failure to do so greatly 

diminishes the smartness of many IoT activities. This contradicts previous 

research on privacy, which has suggested limiting the use of data and protecting 

individual privacy by limiting the use of cloud providers (Makker, 2017).  

7.4.3 Data management 

According to previous studies, one of the main concerns regarding IoT is data 

quality issues, which are unavoidable as more data are generated and collected 

(Barnaghi et al., 2012; Cas, 2005). Consequently, one of the most critical data 

quality challenges is the trust in and accuracy of data collection (Yan, Zhang & 

Vasilakos, 2014). According to the findings, these concerns have been replaced 

with concerns regarding data interpretation. This claim is supported by the fact 

that there are seldom any missing data; for example, no values are missing in any 

records. The data are clean of noise; for example, in fleet management, the data 

on fuel consumption readings and vehicle locations did not fluctuate significantly. 

However, there were considerable difficulties in interpreting the data and the 

patterns that emerged. Although it is possible to extract numerous patterns and 

deviations, public officials and external stakeholders cannot evaluate these 

patterns and the underlying data. For example, such difficulties are related to 

health tracking in elderly care and external help. To improve the data 

interpretation, people have started to offer textual clarifications on distinct data 

points to enable appropriate data interpretation. The requirement to explain and 

clarify every deviation still places substantial pressure on everyone affected by 

IoT. To address these issues, external stakeholders and public officials have 

learned to interpret data by themselves. For example, in winter road 

maintenance, over time, they can understand how drivers perform their jobs and 

make agreements on their work, such as how they should act if there are problems 

relating to the vehicle. As a result, public bodies and private organisations are 

encouraged to ensure that everyone (public officials, private contractors, and the 
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public) can interpret the data with minimal intervention. For example, this can 

be achieved by allowing users to enter reasons and clarifications on IoT 

operations and agreeing on a metadata standard for describing the data. 

Moreover, it is critical to agree on data management procedures, such as who is 

responsible for the data sources and accuracy. The removal of key barriers to data 

use, such as data interpretation, quality, and usability, can be achieved by 

ensuring data management according to agreed-upon rules and conditions. 
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Chapter 8 

Conclusions and Suggestions for Future 

Research 

8.1 Implications for research and practice 

There has been an increasing number of debates and research on the future of 

local governments in the era of IoT. The concepts of smart cities, smart 

communities, and smart villages, in which ICT plays a large role in moulding local 

governments, often influences these conversations. This study makes several 

contributions to the research and practice in the area of public sector smartness.  

First, the study maps IoT implementation in the public sector in Northern Europe 

and illustrates its distribution across numerous application areas. As 

demonstrated, IoT implementation is more widespread among local 

governments than previously expected (Gil-Garcia, Pardo & Gasco-Hernandez, 

2020. The public sector is currently in its early stages of IoT exploration within 

the smart city sphere, namely exploring, prototyping, and piloting. However, 

several key application areas exist within the smart city sphere, where IoT is more 

widely used to create new value, namely, transportation and infrastructure. The 

findings demonstrate that the expected results and wide-scale IoT adoption differ 

significantly differ from those predicted in previous theoretical research (Gil-

Garcia, Pardo & Gasco-Hernandez, 2020). 

Second, the research indicates that the current state and maturity of IoT systems 

do not meet public sector needs, particularly those relating to sectoral needs. 

Therefore, it is essential to provide solutions that satisfy the basic requirements 

of the public sector to support its use of IoT and to transition towards smartness. 

This is complicated by the fact that local governments are unique and face 

different conditions, making it impossible to reduce smart city evolution to a 

single paradigm. Thus, it is more important to focus on identifying the best value 

creation opportunities and to orchestrate digital transformation processes within 

the public sector. Furthermore, the current research contradicts prior studies that 

have related the size of the municipality to the rate of IoT implementation, with 

IoT implementation occurring in both small municipalities and large cities. 

Third, the findings contribute to a better understanding of the concept of 

smartness by emphasising the importance of context, the role of technology, and 

how these are entangled. This study highlights the transformative role and 

potential of IoT in the public sector by identifying four distinct manners in which 

IoT enables a smarter public sector: increased contextual awareness, the enabling 
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of data-driven value creation, the reimagining of organisational structures, and 

innovation-oriented financing. The study further demonstrates that the 

smartness framework is a valuable theoretical framework for identifying the 

specific outcomes of applying emerging technologies within the public sector. By 

adapting the research on smartness, the findings can also be applied to other 

technologies and areas to identify how emerging technologies enable a smarter 

public sector. 

For practitioners, this study demonstrates how IoT can stimulate creativity in the 

public sector, and can provide new opportunities for collaboration and citizen 

engagement. The study also shows that IoT enables new forms of external 

collaboration and citizen engagement, which can generate both positive and 

negative outcomes. Therefore, it is crucial to not provide unprecedented access to 

operational data and information. The study further outlines how IoT 

implementation enables smarter public sector. Concrete examples and practical 

suggestions on how to implement IoT are provided.  

Finally, the study outlines the ethical perspectives relating to IoT in the public 

sector that must be considered and proposes means of addressing them. That is, 

the study suggests that it is crucial to focus on purpose limitation, data control, 

and data management to address the limitations. In this manner, the study 

contributes to the discourse on ethics by suggesting practical means of addressing 

the ethical perspectives arising from the use of IoT.  

8.2 Limitations and future research 

Several limitations remain to be acknowledged. First, the research mainly 

considers the perspective of public organisations; however, the perspectives of 

stakeholders are rarely identical. Thus, additional studies are required to 

investigate public sector smartness from the perspective of other stakeholders, 

such as citizens. Second, more longitudinal studies could offer a deeper 

understanding of how IoT supports and enables a smarter public sector.  

It is recommended that other countries and areas be included in future studies to 

gain a better understanding of how IoT supports a smarter public sector and to 

determine whether the outcomes are country-and location-specific. Although this 

study focuses on the IoT, future research could investigate how the lessons 

learned from IoT implementation may be applied to other emerging technologies 

such as artificial intelligence and open data. Furthermore, future research could 

examine how other emerging technologies are integrated into work processes, 

how they affect work design, and how they contribute to the smartness of the 

public sector. This is an important topic for research because IoT does not have 

deterministic properties that lead to predictable outcomes. Moreover, the 
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smartness framework and smart city transformation frameworks provide a 

comprehensive means of exploring public sector smartness. Further studies are 

required to validate the benefits of using these frameworks in the public sector in 

more detail. Future research should also investigate how the implementation of 

emerging technologies leads to potential value conflicts and changing power 

dynamics between private and public organisations. Finally, since 2020, the 

Covid-19 pandemic has affected how public services are delivered, and several 

shortcomings in the development and provision of public services have been 

identified. Among these, there have been issues relating to the access and reuse 

of data, the inequality of access to public services, and a lack of integration 

between public services. Thus, further studies are required to understand how the 

pandemic has affected the use of IoT and how the technology can increase public 

sector resilience. 
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