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Abstract

The thesis explores service design in the Smart City context. It first
provides a basic understanding of service and service design, focus-
ing on the service design process and Smart City concepts. Then, it
focuses on suitable methodologies for designing a service in the Smart
City context. It contains recommendations for tools, methods, and
approaches to service design that are useful for this chosen context.
The thesis aims to summarize these fundamental principles and as-
sist designers in creating better services by utilizing the mentioned
methods.
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Introduction

In the rapidly evolving landscape of urban development, the concept of
Smart Cities has emerged as a pivotal paradigm, promising to redefine
how cities operate, interact, and serve their inhabitants. This thesis
delves into the complex world of Service Design within the context of
Smart Cities, exploring the foundational principles of service, Smart
Cities, and Service Design, their evolution, and their application in
creating intelligent, responsive urban environments.

The first section of this thesis, titled "Service", lays the ground-
work by defining service and value. It further delves into the service-
dominant logic, a critical framework for understanding how services
drive the economy nowadays.

The thesis then transitions into "Service Design," where Service
Design’s definition, principles, and stages are examined. Additionally,
it explores the different fields of Service Design and the stages involved
in the Service Design process.

The third section provides an in-depth exploration of the evolution
and definition of Smart Cities, highlighting their components and the
role of smart services within these urban environments.

The fourth section, "Service Design for Smart Cities", addresses
the challenges and opportunities associated with implementing Ser-
vice Design in the context of Smart Cities. It discusses the influence of
Smart City design on ServiceDesign, the distinction between customer-
facing and background services, and the leveraging of data-driven
approaches to improve urban services. It presents findings that un-
derscore the potential of Service Design in Smart City context.

In conclusion, this thesis aims to contribute to the discourse on
Service Design in Smart Cities by analyzing the principles, challenges,
and opportunities associated with this emerging field. Through a
detailed examination of service and Service Design, the evolution of
Smart Cities, and the application of Service Design principles, this
thesis seeks to offer insights that can guide the development of more
smart, responsive, and sustainable services in urban environments.
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1 Service

In recent years, services have become an important part of modern
economies, driving their growth as they play a crucial role in shaping
consumer behavior and business strategies. Services have transformed
how businesses operate, and consumers interact with the world. By of-
fering convenience, flexibility, and personalized experiences, services
have become necessary and a competitive advantage in the global
marketplace [1]. This also serves as a motivation for learning about
a service and its science. This chapter aims to explain what a service
and Service-Dominant logic is.

1.1 Definition of Service

Service, especially in contrast to a product, is intangible and can not
be touched or held. A service, particularly in IT services, is defined as
delivering value to customers by facilitating outcomes that customers
want to achieve without the ownership of specific costs and risks [2].
Service should always be described from a customer’s perspective and
not defined by any technology used [3].

1.1.1 Value

In the definition, the word value is mentioned. Value refers to the
utility or worth that a service provides to customers. This value can be
tangible or intangible and is the foundation upon which everything
the service offers is built. In the context of this thesis, it is important
to identify and define the value of services to better understand what
values they bring to the customers [4].

1.1.2 Value proposition

The value proposition is a clear and concise statement about how the
service adapts to the needs and expectations of customers. It is a spe-
cific advantage or uniqueness that differentiates the service provider
from the competition. Defining and communicating the value propo-
sition is key to attracting and retaining customer’s loyalty [5].
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1. Service

1.1.3 Value co-creation

Value co-creation is a process where customers actively contribute to
creating value in the service. This approach emphasizes that customers
are key actors in the value creation process, and their engagement
and influence can significantly impact the final value of our service.
Integrating value co-creation into our strategy means seeking opportu-
nities for collaborationwith our customers in developing newproducts
or services [4].

A good example of a service that most people use every day is the
use of smartphone. This service is important to modern life, enabling
communication, access to information, entertainment, andmany other
functionalities. The smartphone is a platform for various applications
and services, such as messaging, social media, banking, navigation,
and more. In this example, we are not looking at the smartphone as a
product but as a tool that provides us with many services.

1.2 Service-dominant logic

With the shift in the economy, many businesses shifted towards a
service-dominated logic instead of the Goods-dominated logic they
had previously focused on.Service-dominant logic is a new paradigm
for understanding economic exchange and the company’s role. It rep-
resents a shift in the logic, emphasizing service as the fundamental
basis of exchange rather than goods. While Goods-dominant logic de-
scribes service as one of the types of goods or as something that brings
additional value to a product, Service-dominant logic sees service as
a process or application of competencies to provide something to the
other party, without goods as the main focus but still playing a crucial
role. This shift also caused the change from a producer perspective to
a customer perspective when describing a service [6, 7, 3].
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1. Service

1.3 Principles of S-D logic

The Service-dominant logic has eleven foundational premises:
1. Service is the fundamental basis of exchange.

The core of economic transactions is the exchange of services as
they are the primary means.

2. Indirect exchange masks the fundamental basis of exchange.
As services are not tangible or visible, the exchange service for
service is indirect and always apparent.

3. Goods are distribution mechanisms for service provision.
The service is provided by the usage of goods.

4. Operant resources are the fundamental source of strategic
benefit.
Skills, knowledge, and abilities are the primary sources which
are creating a competitive advantage against competition.

5. All economies are service economies.
All economic activities, regardless of their nature, are centered
around the provision and exchange of services

6. Value is co-created by multiple actors, always including the
beneficiary.
The value of service is created by multiple parties, which always
includes the user/customer.

7. Actors cannot deliver value but can participate in the creation
and offering of value propositions.
Actors that are involved in the creation of the service can not
deliver the value independently.

8. A service-centered view is inherently beneficiary-oriented and
relational.
We are looking at the service from the customer’s perspective.

9. All social and economic actors are resource integrators.
Every actor in the economy, whether a business, consumer, or
government, plays a role in integrating resources to create and
deliver services.
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1. Service

10. Value is always uniquely and phenomenologically determined
by the beneficiary.
This underscores that the perception and value of a service are
subjective and vary from one customer to another, based on their
experiences and needs.

11. Value co-creation is coordinated through actor-generated in-
stitutions and institutional arrangements.
The role of social and organizational structures is to facilitate and
coordinate the collaborative creation of value through service
exchanges.
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2 Service Design

As mentioned, the value of the service is determined by the user’s
usage. A good service is a service that people use. As Marc Fonteijn
[8] said, "When you have two coffee shops right next to each other,
that each sell the exact same coffee at the exact same price; Service
Design is what makes you walk into the one and not the other, come
back often and tell your friends about it.". Service Design can help us
design a service that users enjoy using. This chapter tries to create an
introduction to Service Design as a science.

2.1 Definition of Service Design

Stickdorn [8] said: "If you would ask ten people what Service Design
is, you would end up with eleven different answers – at least." Service
Design is a multidisciplinary field with various methods and tools
from different disciplines. It is not an old field of expertise, primarily
developed in the past twenty years, which is not long in comparison to
other existing disciplines. However, designers or other professionals
have been using Service Design methods for many years and have yet
to learn it by this name. It aims to improve user experiences across
many sectors by designing systems and processes that provide good
services instead of focusing on creating physical or digital products.
This approach combines design, management, and process engineer-
ing skills, emphasizing the focus on the user’s needs.

Additionally, it promotes operational efficiency by streamlining
processes and reducing waste, contributing to cost savings. The multi-
disciplinary Service Design approach encourages collaboration and
creativity, leading to more effective and sustainable solutions. These
benefits highlight the importance of Service Design in today’s compet-
itive market, where the quality of service can be a key differentiator.

Service Design helps to innovate or improve services to make
them more useful, usable, desirable for clients, and more efficient and
effective for organizations. It tries to find an optimal balance between
four factors of services, as shown in Figure 2.1.
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2. Service Design

Figure 2.1: Factors of service. Based on [9].

In summary, Service Design is about applying established design
processes, design thinking, and skills to improve existing services
or create new ones. It is about making the service, which is being
delivered, helpful, efficient, and desirable, ensuring that the service
interfaces are beneficial from both the client’s and the supplier’s per-
spectives.

2.2 Good Services

At the beginning of this chapter, we mentioned that a good service is
a service people use. This section of the thesis explores more of the
characteristics of a service that would be considered a good service
based on the book by Lou Downe [10].
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2. Service Design

Be easy to find
Ensure that the service is easily discoverable by users by, for example,
choosing a correct name.

Clearly explain its purpose
Provide clear and concise information about the purpose of the ser-
vice.

Set a user’s expectations of the service
Establish clear expectations for users regarding what the service
offers.

Enable each user to complete the outcome they set out to do
Ensure that the service allows users to achieve their intended goals.

Work in a way that is familiar
Design the service to operate in a manner that users are accustomed
to.

Require no prior knowledge to use
Make the service intuitive and easy to use, even for users with no
prior experience.

Be agnostic of organisational structures
Design the service to function independently of specific organiza-
tional structures.

Require the minimum possible steps to complete
Minimize the number of steps required for users to accomplish tasks.

Be consistent throughout
Maintain consistency in design and functionality across the service.

Have no dead ends
Ensure users can always progress or find their way back within the
service.

Be usable by everyone, equally
Design the service to be accessible and usable by all users, regardless
of their abilities.

8



2. Service Design

Encourage the right behaviors from users and service providers
The service’s design promotes positive behaviors from both users
and service providers.

Quickly respond to change
Adapt and respond promptly to changes in user needs or external
factors.

Clearly explain why a decision has been made
Provide transparent explanations for decisions made within the ser-
vice.

Make it easy to get human assistance
Facilitate easy access to human support or assistance for users when
needed.

2.3 Principles of Service Design

In this section, we explore the foundational principles of Service De-
sign. These five principles are the cornerstone for understanding, an-
alyzing, and innovating within Service Design. By sticking to these
principles, we aim to create functional services deeply connected to
user’s needs, experiences, and expectations. This chapter contains
the theoretical knowledge and insights necessary to ensure that the
services developed are user-centered but also co-creative, sequenced,
evidenced, and holistic. Through an explanation of these principles,
this section seeks to provide a comprehensive understanding of Ser-
vice Design and clarify why it is crucial.

2.3.1 User-centered

The first principle emphasizes that the design of services should be
centered around the needs and experiences of the users. In this princi-
ple, we are putting the customer at the center of the design process
and trying to imagine the service from their point of view, basically
to try to slip into the customer’s shoes to better understand what and
how the service should be provided. It involves understanding the
purpose of the service, the demand for the service, and the ability of

9



2. Service Design

the service provider to deliver that service effectively. Services should
be designed based on customer needs rather than the internal needs
of the business. This principle also secures the correct communica-
tion between service provider and customer, which should be clear
and easily understandable on both sides so no misunderstandings are
created.

2.3.2 Co-Creative

The Service Design process should involve collaboration with all rel-
evant stakeholders, both external and internal. It includes engaging
stakeholders of various backgrounds and functions - from managers
across back-office employees to non-human interfaces like vending
machines and software systems. Connecting it with principle before -
we established clear communication and customer needs in the center.
However, the whole service also needs to consider all stakeholders
that could be involved. As this process is also creative, we are using
the ideas of different stakeholders, which they generate, to build the
creativity. The involvement of all stakeholders also helps us later in the
service provision as the collaboration ensures that the service meets
the needs of all parties involved and fosters a sense of ownership
and responsibility. Also, suppose we involve customers in this early
stage of the process. In that case, we are likely evoking a sense of co-
ownership in them, which increases customer loyalty and engagement
in the long term.

2.3.3 Sequencing

The service should be visualized and orchestrated as a sequence of
interrelated actions, as the service timeline is crucial. This is because
when the service is executed, the customers could be annoyed if it pro-
gresses too slowly. The Service Design process deconstructs services
into smaller parts - touch points or interactions. The service timeline’s
interactions are human to human, human to machine, or machine
to machine. They could also occur indirectly via third parties. This
principle can help us plan the service sequence and examine what
will be executed in the background, not seen by the customer. The
whole sequence is split into three parts, the first being the pre-service

10



2. Service Design

period, in which the customer is just getting in touch with the service.
Next is the actual service period, when the service is provided to the
customer. The last one is the post-service period, when customers
could, for example, provide a review on an already provided service.

2.3.4 Evidencing

Service is intangible, as was mentioned in the previous chapter. How-
ever, we need to make it tangible for the customer so they would be
aware of what they are paying for, even for an extended period. For
this, we use the help of physical artifacts, which customers can see,
touch, hear, or feel. Evidencing can happen in different forms, such
as emails, bills, souvenirs, or gifts. All these physical artifacts help
customers see the service’s value and even prolong the service experi-
ence. It adds a tangible component to intangible service. On the other
hand, evidence has to be planned or designed according to the service
timeline and be manageable for customers so it will not overwhelm
them. An excellent example of overwhelming a customer could be
sending too many spam emails after the provision of service. We aim
to leave a good feeling in a customer in the post-service period to
increase their loyalty and probability of recommending our service to
others.

2.3.5 Holistic

This principle is about seeing the whole context of the service. Con-
sidering all the points of view and every single aspect is impossible
in the real world. Nevertheless, in the Service Design process, we
should incorporate most of the broader context in which the service
takes place. At different levels of service, we should focus on different
things. When we talk about the individual touchpoints the customer is
in contact with, the focus should be on the environment in which they
are taking place. Then, on the sequencing level, different customer
jobs should be considered to focus on various perspectives on how
the customer’s interaction with service could happen and what the
experience should be. On the service provider level, the focus is on the
internal aspects of the organization providing service. We are talking
about the company’s culture, employees, and values. Also, we need to
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2. Service Design

consider structure and establish internal processes and services.

In summary, the Service Design process is fundamentally about
creating services that meet users’ needs, involving collaboration with
all stakeholders, orchestrating the service as a sequence of interrelated
actions, making the intangible service tangible through evidence, and
considering the holistic context of the service. These principles ensure
that services are user-centered, co-creative, sequenced, evidenced,
and holistic, aiming to enhance customer loyalty, engagement, and
satisfaction [8].

2.4 Fields of Service Design

As a multidisciplinary field, Service Design draws from various dis-
ciplines to craft user-centered and effective services. This section ex-
plores the significant contributions of different disciplines to the Ser-
vice Design.

Product Design

Product design principles, traditionally focused on aesthetics, func-
tionality, and usability, are seamlessly integrated into Service Design.
Product design enhances the usability and effectiveness of services
by ensuring that service delivery mechanisms are user-friendly and
align with the overall service experience.

Graphic Design

Graphic design plays a pivotal role in Service Design by facilitating
clear communication of concepts and branding. Through the strategic
use of graphical elements and mental models, graphic design helps
customers navigate services effectively, contributing to a seamless user
experience.

Interaction Design

The discipline of interaction design is instrumental in crafting intuitive
digital and physical interfaces within service contexts. By prioritizing

12



2. Service Design

user satisfaction and engagement during service interactions, interac-
tion design ensures that services are functional but also enjoyable and
efficient for users.

Social Design

Social design focuses on understanding and addressing social dynam-
ics and behaviors to design services that promote positive interac-
tions and community building. By integrating social design principles,
service designers can create services that foster user participation,
engagement, and a sense of belonging within communities.

Design Ethnography

Design ethnography utilizes qualitative research methods to gain
deep insights into user experiences, preferences, and challenges. By
immersing designers in the customer’s environment, design ethnog-
raphy informs the creation of empathetic services that resonate with
users on a meaningful level.

Marketing

Marketing efforts are essential for promoting services, attracting and
retaining customers, and communicating the value proposition effec-
tively. service designers can generate awareness, build brand recogni-
tion, and drive service demand by developing comprehensive market-
ing strategies and communication channels.

In summary, this chapter underscores the interdisciplinary nature
of Service Design, where each discipline contributes uniquely to cre-
ating functional, user-friendly, and engaging services. By integrating
principles and methodologies from diverse fields, service designers
can navigate the complexity of Service Design and deliver solutions
that meet the evolving needs of users and businesses alike.

13



2. Service Design

2.5 Stages of Service Design

This chapter explains more about the steps or phases of the Service
Design process. It provides a rough framework with a fundamental
structure, as a Service Design process is very complex and cannot be
modeled that easily. In literature, we can find different numbers of
steps with different names, but if we take a closer look, we can see that
all come from the same principles and contain the same process. It is
important to note that this process is iterative, not linear as it could
sound. We adapted "The Squiggle" by Damien Newman 1 to Service
Design for a good visualization in Figure 2.2. It shows that the Service
Design process has four steps - exploration, creation, reflection, and
implementation. The first two steps are happening in an uncertain
phase and needmore clarity. They help us define this clarity to execute
the last two steps.

Figure 2.2: Service Design phases [8], adapted by author on squiggle.

2.5.1 Exploration

This initial stage (Figure 2.3) involves understanding the context and
goals of the organization or company providing the service. The de-
signer starts by exploring the company’s issue or problem and tries to
define it correctly. In the previous chapter, we emphasized the impor-
tance of the customer’s point of view or their centralization. However,

1. https://thedesignsquiggle.com/
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2. Service Design

the design process starts within the company and understanding their
point of view. After the problem is identified, the designer looks at it
from a customer’s point of view to clearly understand the situation
from the perspective of customers - both current and potential. It is a
research-driven phase where various methods and tools are used to
explore and understand the behavior of everyone involved. The last
task in this stage is to visualize findings to simplify complex processes
and identify which problems should be handled. In summary, in this
stage, we are trying to formulate the problem, not find the solution
[8].

Figure 2.3: Exploration phase. Author, adapted from [8].

2.5.2 Creation

The results are formulated into a concept design and action plan
based on the insights gathered during the exploration phase. It is a
generative stage where we iterate many times to test and retest ideas
and concepts to explore as many mistakes as possible, not avoid them
but solve them. As shown in Figure 2.4, in this stage we are starting
to build or rebuild based on the information from Exploration phase.
The creation stage involves the collaboration of all stakeholders in
planning the Service Design. It emphasizes the co-creation principle,
involving all stakeholders in planning to ensure the Service Design is
aligned with their needs and expectations. The task in this stage is to
precisely create solutions to the problems identified in the previous
stage. As this is the biggest stage, it is essential to follow all design
process principles, not only co-creation. To create a holistic solution,
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2. Service Design

we need to include everybody in this stage, with the customer still
in the center, to follow the user-centered principle, considering the
whole sequence and all touchpoints included [8].

Figure 2.4: Creation phase. Author, adapted from [8].

2.5.3 Reflection

The third stage (Figure 2.5) is also known as prototyping or testing;
this stage focuses on iterative prototyping and testing ideas and con-
cepts created in previous stages. It involves converting theoretical
research results into solutions that can be evaluated and modified. As
the service is intangible, we use different methods than those used in
prototyping products, which is the main challenge in this stage. This
stage is crucial for generating a mental picture of the future service
concept in the mind of customers and incorporating emotionally es-
sential aspects of personal interactions with the service proposition. In
this stage, the vision of service is created by comic strips, storyboards,
or video sequences. Different staging methods and roleplay are also
used. We are trying to be as close to reality as possible, as it is nearly
impossible to prototype in a real environment. It is a critical point in
the iteration process, where feedback is collected and used to refine
the Service Design [8].
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2. Service Design

Figure 2.5: Reflection phase. Author, adapted from [8].

2.5.4 Implementation

The final stage involves designing and implementing the final service
based on the feedback and refinements from the Reflection stage - as
shown in Figure 2.6. It is a process of change that was formulated in
previous stages. Change happens on different levels, and communi-
cation between levels is the key to success. Communication has to
be clear, so people understand the concept at all levels - customers,
employees, and the organizational level. In this stage, the solution is
tested in its realistic state, and again, it follows the principle of co-
creation, and stakeholders are included. The implementation phase
ensures that the service is delivered in a way that meets the needs of
the consumers and reflects the brand value associated with it. It is
a continuous improvement and development stage. A review of the
outcome can lead to a new iteration of the Service Design process [8].

Figure 2.6: Implementation phase. Author, adapted from [8].
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2. Service Design

In conclusion, the stages of Service Design— exploration, creation,
reflection, and implementation— form an iterative process. It is im-
portant to note as shown in Figure 2.7, in this process, where we are
iterating both through the whole process and each stage individually,
where we can go back from each stage, in some cases even back to
the frist phase. This process is fundamental to developing effective
and user-centered services. This chapter has outlined the importance
of each stage in understanding the complexity of Service Design and
the need for continuous refinement and improvement. By adhering to
these stages, service designers can navigate the challenges of creating
services that not only meet the needs of consumers but also reflect the
values and goals of the organizations providing them.

Figure 2.7: Service Design Process [8].
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3 Smart City

In the fast-evolving landscape of urban development, the concept of
Smart Cities was created, offering a new approach to urban living and
governance. As the world changes with the challenges of urbanization,
the potential of Smart Cities to enhance the quality of life, support
sustainable development, and address issues has become important.
This part of the thesis explores the evolution of the Smart City concept
and its definition and components. It provides the historical context
of the concept and explains the components that define a Smart City.
This exploration aims to provide a comprehensive understanding of
the Smart City concept and its potential to shape the future of urban
development.

3.1 Evolution of Smart City

The history of Smart Cities can help us better understand the purpose
of the whole concept. As known, more than half of the population
lives in urban areas, not rural ones, according to the United Nations
Department of Economic and Social Affairs (UN DESA) [11]. In 2021,
approximately 58 percent of the global population lived in urban areas,
while 42 percent lived in rural areas. This can bring many positives,
such as reducing CO2 emissions and boasting higher GDP per capita
compared to rural areas, but on the other hand, it has also created
negatives such as the rise of criminality [12]. To tackle these negative
aspects of this change, togetherwith technological evolution andurban
planning, as more and more percentage of the population relocated
to the cities, cities also started to try to use different technologies or
ICT [13, 12].

The concept of Smart Cities emerged with the development of the
first computerized urban planning systems in the 1960s. These systems
aimed to optimize the use of resources and improve the quality of life
in cities [14].

In the 1980s, the term "Smart City" started gaining traction with
information technology’s introduction in urban planning. Cities began
to use computers to manage traffic, utilities, and other services more
efficiently. Later, The World Bank and the United Nations began to
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explore the concept of Smart Cities, focusing on the use of technology
to improve urban living conditions [15, 13].

At the beginning of the 21st century, the term "Smart City" became
more widely recognized with the development of smart grids, smart
buildings, and smart transportation systems. These technologies aim
to make cities more sustainable and efficient. Later, the concept of
smart cities expanded to include technological advancements and so-
cial and environmental aspects. Cities began to focus on sustainability,
citizen engagement, and data-driven decision-making [13].

Lastly, what helped the evolution was the COVID-19 pandemic,
which accelerated the development of Smart Cities as governments
and organizationsworldwide sought to leverage technology tomanage
public health crises and improve urban services [16].

3.2 Definition of Smart City

As shown above, Smart City is a concept that has not been evolving
for a very long time, but even in these short years, different defini-
tions have been created, so Smart City is not a concept with a single
definition as expected.

Oliver Gassmann [12] defines a Smart City as follows:
"A Smart City systematically applies digital technologies to reduce
resource input, improve its people’s quality of life, and increase the
competitiveness of the regional economy in a sustainable manner. It
uses intelligent solutions for infrastructure, energy, housing, mobility,
services, and security, based on integrated sensor technology, con-
nectivity, data analytics, and independently functional value-added
processes."

IBM [17] also defined a Smart City: "A Smart City is an urban
area where technology and data collection help improve quality of life
as well as the sustainability and efficiency of city operations. Smart
City technologies used by local governments include information and
communication technologies (ICT) and the Internet of Things (IoT)."

If we look at these definitions from the perspective of services,
which this thesis focuses on, a Smart City is defined as an urban
area that leverages information and communication technologies to
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enhance the quality and performance of services such as energy, trans-
portation, and utilities. This enhancement aims to reduce resource
consumption, wastage, and overall costs, thereby improving the qual-
ity of living for its citizens through smart technology and data analysis.

Another definition is proposed in Lucia Števanková’s diploma
thesis, where she defines a Smart City through services: "A Smart
City is a set of services that utilize non-trivial ways of information
and communication technologies, enabling its management and the
entire society to address the challenges of new urban development to
increase its efficiency, livability, and sustainability in order to bring its
citizens the highest possible value formulated in an understandable
value proposition" [18].

The value of a Smart City is determined by what it chooses to do
with the technology, not just how much technology it may have [19,
20].

3.3 Components of Smart City

In understanding the architecture of Smart Cities, various models
offer different perspectives. For this thesis, a specific model has been
selected based on its alignment with the focus of the study. This study
adopts the seven-layered Smart City model [21] as it models the Smart
City’s components from a service-dominant perspective and is de-
signed with Service Design in mind. Importantly, the layers in this
model are structured based on their value proposition within the
smart city context and the value creation process occurs at each level
of the model.

The model represents all components that could be found in a
Smart City on seven layers, which are:

Context

Before looking at the layers below, it is essential to establish a context
when examining the Smart City’s components. The first layer of this
model represents the context in which we are examining the chosen
Smart City. The context layer is important for designing the services
in lower layers as it narrows down other components. In this case, an
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example of a context could be Smart mobility or Smart government
[21].

Stakeholders

The second layer represents stakeholders important for a given con-
text in the first layer. The word "stakeholders" in the context of Smart
Cities refers to individuals, organizations, and entities interested in
or actively developing and implementing services in the given con-
text. Their involvement and engagement in decision-making processes
are crucial. However, stakeholders often have different visions of ser-
vices, and narrowing the gap between these visions and implementing
projects is essential for effectively developing services in Smart Cities.
However, it is important to note that stakeholders can influence mul-
tiple contexts, and conversely, a single context can be influenced by
various stakeholders. This bidirectional influence underscores the
complexity and interconnectedness of Smart City [21].

Smart features

Smart features are defined as key components in the Smart City. This
layer includes essential city services such as Transport, Energy, and
Healthcare, focusing on providing value directly to the citizens [22].

Smart services

This layer contains the core smart services, which are services with
more than one value proposition, in a given context [22]. Building
upon the Smart Features, this layer encompasses specific services that
contribute to the functionality and efficiency of the city. The design of
these services is the main topic of this thesis.

Support services

As Smart services are complex, they require many smaller services to
be functional. This layer provides the necessary resources to support
the Smart Services. In this layer, we can find Building safety or Energy
monitoring for example, as seen in Figure 3.1.
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Software

Support services are still quite complex, so the next layer is software,
which contains all the needed software solutions for the support ser-
vices. For example, we can find voice control or monitoring services
in this layer. This layer, combined with the layer below, Hardware,
creates an infrastructure layer in the Smart city model.

Hardware

The last, seventh layer of the model consists of the physical infrastruc-
ture supporting the layers above, including servers, networks, event
processing, and control elements such as sensors.

As seen in Figure 3.1, services in this model are grouped into two
categories: customer-facing services and background services. Back-
ground services are located at the bottom of themodel and are creating
a base for the Customer-facing services build. The end users interact
only with the Customer-facing services and Background services are
not visible to them. Background services contain the hardware and
software layers and the Supporting services layer. On the other hand,
the Customer-facing services are visible to users, and in this category,
Smart features and Smart services are located [21].
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Figure 3.1: Smart City services layered model [21]
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For simplification, services from this model can also be viewed in
a triangle in Figure 3.2. It consists of four main layers categorized into
two groups mentioned above. This model is presented as a triangle,
emphasizing the end user’s perspective and the role of each layer
in creating value for the customer. Each level of this triangle service
structure can only be functional with the lower level, so the services are
created by combining several services at the previous level. Services
on higher layers often use Supporting services from different contexts,
meaning many services exist in this multi-contextual environment
[23].

Figure 3.2: Service triangle. Adapted from [21, 23]

3.4 Smart services in Smart Cities

As mentioned above, services are placed in the third and fourth layer
of the seven-layered model, with the third layer containing the core
smart services and the fourth layer containing services used to support
the third layer. Services in Smart Cities are commonly divided into
different areas. Terézia Kazičková [24] divided services in Smart Cities
into eight areas in her diploma thesis.

25



3. Smart City

Urban Planning involves the use of advanced technologies to op-
timize the layout and design of cities. Through data-driven insights,
urban planners can make informed decisions about land use, infras-
tructure development, and public spaces, leading to more livable and
sustainable cities.

Public Lighting systems use sensors and IoT devices to adjust
lighting intensity based on environmental conditions and pedestrian
activity.

Energy aims to optimize the use of energy resources, reduce waste,
and promote renewable energy sources. This includes smart grids,
energy storage solutions, and demand response programs that balance
supply and demand dynamically.

Mobility encompasses the integration of various modes of trans-
port, including public transit, cycling, and walking, to create a seam-
less and efficient mobility network. Smart mobility solutions use data
analytics to manage traffic flow, reduce congestion, and improve ac-
cessibility.

Environment focuses on monitoring and improving air and water
quality, waste management, and green spaces. Sensors and IoT devices
collect data on environmental conditions, enabling proactivemeasures
to protect and enhance the natural environment.

Emergency leverage technology to improve response times and
coordination during crises.

E-Health involves the use of digital technologies to enhance health-
care services in cities. Smart health solutions include telemedicine,
electronic health records, and wearable devices that monitor health
parameters.

E-Government streamlines administrative processes, making it
easier for citizens to access public services. Online platforms for sub-
mitting documents, paying taxes, and accessing information enhance
transparency and efficiency in governance, making cities more acces-
sible and responsive to their residents.
It is important to note that these areas of IT services are across all of
the bottom five layers of the Smart City model. All of the information
mentioned above also highlights how complex the concept of a Smart
City is.
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The advent of Smart Cities presents a significant new opportunity for
service designers to tackle emerging challenges and enhance urban
living. As cities become increasingly connected and data-driven, the
role of service designers is evolving to address the unique needs and
complexities of these environments [25].

4.1 Challenges

Municipal officials face significant challenges in delivering services
across various domains, including public safety, transportation, water
and energy utilities, and city planning.

One challenge comes from managing and utilizing extensive data
generated by city infrastructure, public works, and citizen interactions.
The influx of structured and unstructured data from sensors, video
cameras, mobile apps, and legislative mandates for data retention
presents both a challenge and an opportunity for improving service
delivery.

Another of the primary challenges is meeting the high demand for
services with limited budgets. As urbanization increases and infras-
tructure ages, government expenses rise, often needing more funding
to support new service requirements. This situation necessitates inno-
vative solutions to enhance the value of government services within
budget constraints [26].

On the other hand, living in Smart Cities also presents several chal-
lenges. Primarily due to the expectation that residents must possess
technical skills to interact with the city’s smart living options. This is
connected to citizen readiness to use a smart services. Based on the
research findings by ElBarachi [27], citizens are ready to use smart
city services. However, their readiness is influenced by various factors,
such as empowerment, optimism, and innovativeness as enablers and
insecurity, mistrust, and legal considerations as inhibitors. Therefore,
while citizens are generally ready to use smart city services, their sat-
isfaction and discomfort are essential indicators in determining their
continued usage.
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4.2 Influence of Smart City design

This thesis contemplates a design of service in the Smart City, but the
Smart City in question has already been designed, which can bring
some constraints for the service designer. When embarking on the
design of services within an already established Smart City, service de-
signers face unique challenges and constraints that can influence their
approach. These constraints come from the existing infrastructure,
technological limitations, regulatory frameworks, and the inherent
complexity of integrating new services into an already functioning
ecosystem. Understanding these constraints is critical for designing
services that meet the city’s citizen’s needs and align with the Smart
City’s broader objectives.

4.2.1 Context definition

The context layer is defined as the initial layer of the Smart City model,
representing the overarching environment or domain in which the
chosen Smart City operates. This context could encompass various
aspects, such as Smart Mobility or Smart Government, each with
unique challenges, opportunities, and requirements. The selection
of a specific context narrows down the scope of other components,
focusing the design and implementation efforts on addressing that
domain’s specific needs and objectives. In Service Design, the context
layer is essential in shaping the design process. It influences the choice
of Service Design methods, the identification of user needs, and the
development of relevant and effective solutions within the defined
context. For instance, in the context of Smart Mobility, Service Design
methods might emphasize user-centered approaches to understand
and address the needs of commuters, focusing on aspects related to
mobility issues.

The implications of the context layer on ServiceDesignmethods are
profound. By narrowing down the focus, the context layer ensures that
the Service Design process remains aligned with the objectives of the
Smart City initiative, thereby enhancing the likelihood of successful
service implementation and user adoption.

In conclusion, the context layer in the Smart City model is not
just a theoretical construct but a practical tool for Service Design. By
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understanding and defining the context effectively, service designers
can ensure that their designs are relevant, effective, and aligned with
the broader objectives of the Smart City initiative.

4.3 Customer-facing versus Background service

Customer-facing and background services differ significantly in sev-
eral aspects, the most important being their purpose, audience and
performance requirements. These aspects also affect the Service De-
sign process as we must focus on them differently. This part of the
chapter compares these two types of services regarding these aspects.

Purpose
While customer-facing service is designedwith the purpose of interact-
ing with customers directly, to be seen by them, and to be at the front
line of interaction between the business and its customers, the purpose
of background services is to act as a support service for the customer-
facing one, or to perform tasks in the background, supporting the
operations and functions of the organization. These background ser-
vices are essential for the internal workings of the business but interact
with users differently than customer-facing services.

Value creation
Even if it is not visible at first glance, the background services par-
ticipate in value creation, not individually nor directly, but through
supporting customer-facing services as an enabler to create value.

Audience
As the audience of customer-facing services is a customer, they are
tailored to meet their needs and expectations. They often require
a user-friendly interface to ensure a positive customer experience.
Background services are designed for internal use by employees, de-
partments, or other systems within the organization. They may have
different priorities, such as reliability, scalability, and security, rather
than user-friendliness.
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Performance Requirements
Regarding performance requirements, customer-facing services often
have stricter requirements to ensure a smooth and responsive user
experience. This includes fast response times, high availability, and
handling peak loads without degradation. Background services may
have different performance requirements, such as the ability to process
large volumes of data, support complex business processes, or ensure
data integrity and security.

In summary, customer-facing services are designed to directly engage
customers, focusing on user experience, performance, and security.
Background services, in contrast, are designed to support the organi-
zation’s internal operations and other services.

4.4 Leveraging data-driven Smart Cities

Before exploring more about different suitable Service Design meth-
ods and tools, one Smart City advantage needs to be mentioned. Smart
Cities, characterized by their extensive use of technology and data,
offer a significant advantage to service designers. These cities generate
big amounts of data from various sources, including transportation,
energy consumption, environmental sensors, and citizen feedback.
This wealth of data provides service designers with unparalleled in-
sights into citizen’s needs, behaviors, and preferences without the
need for extensive primary research. By leveraging these datasets, de-
signers can identify trends, patterns, and future needs more accurately
and efficiently. This data-driven approach enables service designers to
create services that are responsive to current demands and anticipate
future requirements, thereby enhancing the overall quality of life and
sustainability of Smart Cities.

4.4.1 Data Brno

Data Brno 1 (Figure 4.1), a project initiated by the city of Brno, Czech
Republic, exemplifies the potential of Smart Cities to provide data for
Service Design. Data Brno aims to make Brno an open and innova-

1. https://data.brno.cz/
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tive city by making its data freely available to the public, businesses,
and researchers. This initiative supports the development of smart
services by providing designers with a rich set of data to analyze and
fosters a culture of innovation and collaboration. By making data ac-
cessible, Data Brno encourages the development of new applications,
services, and solutions that can improve the quality of life for its citi-
zens. For service designers, this open data policy presents a unique
opportunity to gain deep insights into the city’s needs, challenges, and
potential for innovation. By analyzing data on transportation, energy
use, public services, and citizen feedback, designers can identify areas
for improvement, develop innovative solutions, and create services
tailored to the Brno community’s specific needs and preferences. This
approach enhances the effectiveness of Service Design [28].

Figure 4.1: Brno Data site. Screenshot by author [29].
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4.5 Customer facing services

Customer-facing services play a pivotal role in the urban landscape,
particularly within the context of Smart Cities. Customer-facing ser-
vices encompass a broad spectrum of offerings, ranging from trans-
portation and infrastructure management to public safety and commu-
nity engagement initiatives. These services are characterized by their
user-centric approach, wherein the design and delivery are tailored to
meet the diverse needs and preferences of various user groups. By pri-
oritizing customer needs and experiences, Smart Cities can cultivate
a more inclusive and responsive urban environment that empowers
individuals and enhances collective well-being. Moreover, customer-
facing services drive economic growth, foster social cohesion, and
promote environmental stewardship within the urban ecosystem. The
subsequent sections of this chapter will delve into the complexity of
Service Design for Smart Cities, exploring various methodologies,
tools, and case studies aimed at creating innovative and impactful
solutions that address the evolving needs of communities.

4.5.1 Understanding User Needs and Behaviors

Understanding not only the needs and behavior of customers but
also their interaction with service is a crucial aspect of designing any
customer-facing service. In order to achieve this, it is important to
explore and analyze the user needs, which is in "Exploration" part
of the Service Design process. By conducting ethnographic studies,
interviews, and surveys, service designers can gain insights into their
customers’ daily routines, challenges, and aspirations. One of the most
valuable tools is the needs map, which was proved by Seyun et al. [30].

Needs map

A needs map is a conceptual framework that categorizes and analyzes
the different needs of users. It was developed based on the service-
technology-infrastructure-management (STIM) framework to help
understand, classify, and interpret the needs of users and citizens in
urban spaces. The needs map aims to provide a methodological role in
developing services suitable for Smart Cities by identifying concrete
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needs from various raw needs of stakeholders. It can help service
designers analyze and confront urban issues fromvarious perspectives.
This way, they can find insights into sustainable service development.
The needsmap is structured into four layers, each representing specific
service, technology, infrastructure, and management aspects.

First layer is the STIM embedded design model; in Figure 4.2, it is
represented by four rectangular sides: Service, Technology, Infrastruc-
ture, and Management. Layer 2 contains the functional aspects of the
STIM model, each part having two sectors that contain two entities.
Entities in Layer 2 are defined as follows:

Contents are a mixture of information and details from the per-
spective of the software.

The interaction entity provides interaction between the service and
the user and executes the user-centered design.

Interface is a communication medium and protocol for Smart City
technology. Communication can happen thing-thing or thing-human.

Function provides a way for Infrastructure and Management to
have a consistent and efficient role.
The third layer represents practical, not functional, entities. These are
used for design and realization in the real space and can serve as goals
for the service.

Fourth layer contains data indicators used to draw insights for
Smart City service development. Indicators in this layer are statistical
social indicators in national annual surveys, but they also serve as the
basis for providing practical services for the Smart City. For example,
the residential transportation field is a crucial indicator that future
housing or urban models should offer as a service for the Smart City.
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Figure 4.2: Needs map [30].

In the paper [30], Seyun also discusses the application of the needs
map to develop a smart service. The steps involved in the application
of the needs map include:

1. Understanding the Experience Zone: This step involves obtain-
ing overall information related to entities on Layer 4, which helps
to understand the current status of the experience zone. This
step aims to identify the issues that are visualized as indicators.

2. Field Investigation at the Experience Zone Through Layer 4:
Based on the information obtained in the first step, the behaviors
of users connected are analyzed, which leads to the services
helping solve the issue being conceptualized.

3. Establishment of Services for the Experience Zone: In this
step, the entities on the needs map are utilized to develop the
smart service. This involves careful planning of the service to
reflect the various needs of user groups, including living, work,
entertainment, and mobility.
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These steps demonstrate the practical application of the needs map
in developing services for Smart City [30]. An example of the result
of these steps can be seen in Figure 4.3.

Figure 4.3: Example of designed service by following steps above [30].

Urban planning software

Another concept that can be used to help design services in the context
of Smart City is urban planning. Urban planning is a multidisciplinary
process focusing on developing and designing urban areas. It also
involves strategic planning, infrastructure development, and the im-
plementation of policies to achieve set goals [31].

service designers can use the simulation techniques borrowed
from urban planning to anticipate and address customer’s future
needs. Designers can also gain a foresight into potential challenges
and opportunities by simulating various scenarios and urban devel-
opment projections. These simulation techniques can be adapted and
integrated into the exploration phase of Service Design to anticipate
evolving user behaviors and preferences [32].
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One tool that is commonly used in the context of urban planning
for Smart Cities is UrbanSim 2. UrbanSim is an open-source, regionally-
focused urban simulation model that allows for the analysis of urban
development scenarios. It is designed to help urban planners, poli-
cymakers, and researchers understand the impacts of various urban
development projects on the environment, economy, and society.

UrbanSim (Figure 4.4)is a tool that enables planners to create and
explore various urban development scenarios. It can simulate the
impact of urban development projects on the environment, economy,
and society. Additionally, it provides a framework for evaluating the
effectiveness of urban policies and interventions [33, 34].

Figure 4.4: UrbanSim example [35].

Mobile ethnography

Ethnography is one of the sciences that are part of Service Design. Mo-
bile ethnography is a research method that collects information using
mobile ethnographic technologies, which means it is not dependent
on geography. It allows researchers to gather data from participants in
real time using modern technology such as smartphones, laptops, and

2. https://www.urbansim.com/
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tablets. This method is beneficial for studying customer behaviors and
experiences, as it provides direct user information at the time and loca-
tion of the experience. Mobile ethnography follows the principal ideas
and methods of user-centered design, and it contrasts other research
approaches through its open manner, where the user structures the
research themselves. They document an interaction with a service - a
touchpoint. By defining their touchpoints, they provide insights that
can be used to improve customer experiences and enhance satisfaction
[36, 8].

Mobile ethnography apps are designed with a core feature set cen-
tered around facilitating the capture of touchpoints during real-time
experiences. These apps offer users a universal platform to document
touchpoints using various multimedia formats, including text, audio,
photos, or videos. A notable aspect is the ability for users to evalu-
ate these touchpoints and provide feedback. Additionally, these apps
often integrate GPS functionality, enabling the creation of detailed
maps and visualizations that illustrate the participant’s journeywithin
their service experience. Such data is typically uploaded to web-based
analysis software, allowing for in-depth exploration and visualization
of touchpoint sequences across users [36].

4.5.2 Co-Creation and Participatory Design

In the context of Smart Cities, involving citizens in the design process
is essential for creating services that truly address their needs and
enhance urban life. This section explores the principles of co-creation
and participatory design, along with tools, methods, and examples
tailored to Smart City project’s unique challenges and opportunities.

Asmentioned in Chapter 3.3, stakeholders are defined by the given
context as a second layer in the Smart City model. As outlined in
this model, the concept of stakeholders emphasizes the importance
of engaging individuals, organizations, and entities interested in or
actively developing services within a given context. Their involvement
and engagement in decision-making processes are crucial for ensuring
the relevance and effectiveness of Service Design initiatives.

A separate stakeholder map, a tool often used, is unnecessary as
the Smart City model defines the stakeholders in a given context. The
stakeholder map typically identifies and visualizes the various indi-
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viduals, organizations, and entities involved or impacted by a project
or initiative. This can help maintain clarity and avoid redundancy in
Service Design.

Participatory Design Workshops

Participatory designworkshops are collaborative sessions where stake-
holders actively engage in the design process to co-create solutions
for complex issues. Facilitated by trained professionals, these work-
shops include structured activities such as brainstorming, prototyping,
and group discussions. Participants contribute their knowledge, ex-
periences, and ideas, generating actionable insights. The workshops
produce tangible outputs, such as sketches or action plans, which
guide the implementation of design solutions and inform ongoing
iterations. Reflection and evaluation after the workshop help identify
lessons learned and areas for improvement for the service. Overall,
participatory design workshops allow stakeholders to shape the de-
sign of services, ensuring that solutions are relevant, inclusive, and
responsive to community needs [37].

4.5.3 Prototyping and Testing

Prototyping and testing are integral steps in the Service Design process
for Smart Cities, emphasizing the importance of rapid prototyping
methods and iterative testing in real-world environments. This ap-
proach allows for the development of digital and physical prototypes
to gather feedback, ensuring that the final service meets the needs and
expectations of its users.

Rapid prototyping is a strategy used in product development, in-
cluding Smart City services, where a prototype or preliminary product
model is quickly constructed, reviewed, and iterated. This method
is not limited to tangible objects but equally applies to software or
processes. Rapid prototyping empowers teams to understand a prod-
uct’s feasibility better, expose flaws, and gauge user reaction early,
ensuring a more robust, well-rounded final product [38]. It embodies
the philosophy "fail fast, fail cheap," allowing teams to learn from
mistakes without committing to full-scale product development.
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Digital Twin Simulations

As mentioned before, Smart City can provide designers with many
datasets, which is helpful when using analytics or simulation tools.
Digital Twin Simulations are a transformative technology for Smart
Cities, offering a virtual replica of a city that mirrors its physical and
operational characteristics. These digital twins are created using tech-
nologies like the IoT and Artificial Intelligence, enabling cities to sim-
ulate real-life environments and scenarios. This simulation capability
allows for the testing and optimizing of various city functions, includ-
ing resource management, predictive analytics, and environmental
sustainability, before actual implementation.

Designers can simulate user interactions, service workflows, and envi-
ronmental factors to assess Service Designs’ usability, efficiency, and
effectiveness, leading to more user-centric and impactful solutions.

Digital twins offer a dynamic, data-driven approach to Service
Design, enabling designers to simulate, analyze, and optimize city
services before implementation. This approach can help create and
test a high-quality prototype [39, 40].

4.5.4 Implementation of service in Smart City

Service blueprints

Service blueprints are visual representations of the interactions be-
tween a service provider and its customers [8]. This tool maps out the
steps involved in delivering a service. The steps are mapped from both
the customer’s and service perspectives, mapping all of the back-end
processes. The service blueprint corresponds to a specific customer
journey and user goal, allowing the identification of various scenarios
that a service can accommodate. For instance, a restaurant might have
separate service blueprints for takeout orders versus dining in as it is
a different scenario [41].
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Figure 4.5: Example of Service blueprint [41].

Open Data Platforms

Expanding on the already mentioned concept of the advantage of
having data-driven Smart Cities, open data platforms can serve as a
building stone for service implementation. Open data platforms are
digital infrastructures that provide access to a wide range of data sets,
tools, and APIs. These platforms are designed to encourage innova-
tion by making data freely available to anyone who wishes to use it.
They facilitate the integration of data from various sources, including
government, private enterprises, and citizens. This can lead to easier
service implementation as open data platforms enable a more stream-
lined and effective approach to developing and deploying services.
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Smart City Development Kits

A Smart City Development Kit is a collection of tools, resources, and
frameworks designed to facilitate the development and deployment of
Smart City applications and services. These kits provide developers,
city planners, and stakeholders with pre-built software components,
APIs, and development tools. The primary goal of these kits is to
simplify the integration of smart technologies into existing city in-
frastructures, thereby reducing the complexity and cost associated
with Smart City projects. Also, it makes the production of apps faster,
cost-effective, and more dynamic while enabling the creation of cross-
linked applications. Additionally, they often come with extensive doc-
umentation, support, and training resources to facilitate quick and
effective adoption by city officials and developers [42, 43].

One example of a commercial Smart City development kit is KITS
3 by Kimley-Hors, which offers many features and integrations to
enhance traffic operations and public safety. KITS provides real-time
control and monitoring of Intelligent Transportation Systems devices,
including CCTV control, equipment monitoring, and video wall man-
agement. It also offers adaptive control solutions to optimize traffic
signal timing for safety and efficiency and proactive notifications for
potential issues like detector malfunctions or congestion alerts. This
kit is designed to integrate with existing infrastructure.

4.6 Background services

Background services in Smart Cities refer to the underlying systems
and processes that support various smart city applications and ser-
vices. These services are essential for the seamless operation of smart
city infrastructure, ensuring that utilities, transportation, public safety,
and other essential services run efficiently and reliably. Their impor-
tance lies in supporting the overall quality of life in urban areas, en-
hancing efficiency, and promoting sustainability.

service designers need to understand the role and importance of
background services in supporting the delivery of customer-facing

3. https://www.kimley-horn.com/solutions/smart-cities/kits

41



4. Service Design for Smart Cities

services. Additionally, service designers must acknowledge that back-
ground services are inherentlymore technical. Different from customer-
facing services, they may not be designed in the traditional sense.
Instead, the focus lies on their seamless integration into the broader
ecosystemof smart city infrastructure. By recognizing the foundational
nature of these services, designers can ensure that they are integrated
service ecosystems and contribute to a cohesive and efficient urban
experience.

This integration involves understanding the technical complexity
of these services and their interactions with other components of the
smart city ecosystem. Moreover, service designers play a vital role in
ensuring that background services align with enhancing efficiency,
promoting sustainability, and improving the quality of life in urban
areas.

In summary, background services in Smart Cities are more about
integration and standards than traditional design processes and meth-
ods.

4.6.1 Standards

Standards play a crucial role in developing and implementing Smart
Cities, serving as the foundation for interoperability, efficiency, and in-
novation. When designing a service, we need to think about them and
plan the design accordingly to fulfill them. International organizations
such as International Organization for Standardization (ISO), Inter-
national Electrotechnical Commission (IEC) develop and maintain
these standards.

As an example, ISO 37122:2019 offers a comprehensive set of met-
rics to assess smart city progress across various domains, such as
education, energy, economy, environment and climate change and
many more. The World Council on City Data is a prominent initia-
tive that employs standardized city data to establish Smart Cities. It
has created ISO 37120 (Sustainable Development of Communities:
Indicators for City Services and Quality of Life).

IEC acknowledges more than 1800 standards that already impact
Smart Cities. SyC Smart Cities facilitates the coordination of standards
initiatives from various IEC committees and other organizations to
achieve integration and interoperability of city systems [44].
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4.6.2 Regulations

When a Service Designer is tasked with designing a background ser-
vice in a Smart City, understanding the regulatory characteristics is
important. Incorporating these aspects into the Service Design ensures
compliance with legal requirements.

One of the characteristics is lawful interception. The Service De-
signer must ensure that the background service architecture allows for
lawful interception as national legislation requires. This may involve
implementing protocols or mechanisms for authorized access to data
traffic.

Another one is service dependability. Designing a dependable
background service involves architecting systems resilient to failures.
Redundancy, fault tolerance, and monitoring mechanisms should be
incorporated to minimize service disruptions.

In the past years, emphasis has been placed on personal data pro-
tection. Compliance with data protection regulations such as GDPR is
non-negotiable. To safeguard user’s data, the Service Designer must
implement robust data privacymeasures, including encryption, access
controls, and anonymization techniques.

Security considerations should be at the forefront of the back-
ground Service Design. Implementing authentication, authorization,
encryption, and intrusion detection mechanisms helps mitigate cy-
bersecurity risks and protect against unauthorized access or data
breaches.

The designer should also account for roaming regulations and
fair usage policies if the background service involves IoT devices that
may roam across different networks or jurisdictions. This may involve
optimizing data usage and considering alternative communication
channels to minimize roaming charges [45].

4.6.3 System Thinking and Integration

Integrating several solutions is crucial for achieving true "smartness"
in a city. This involves increasing the number of sensors and the num-
ber of functions they can perform. For instance, integrating a traffic
management solution with a smart air quality monitoring solution
allows for dynamic control over traffic and air quality. This cross-
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solution integration requires careful planning and consideration of
how different systems can work together seamlessly.

Moreover, building on existing infrastructure is essential for cost-
effectiveness and sustainability. Leveraging the infrastructure already
in place, such as communication networks, data centers, and IoT frame-
works, can reduce implementation costs and minimize disruption to
urban environments. Additionally, it ensures compatibility and inter-
operability between new and existing systems, facilitating smoother in-
tegration and seamless operation of background services. By building
upon established infrastructure, cities can maximize their investments
and accelerate the deployment of innovative solutions that enhance
urban environments’ overall efficiency, resilience, and livability [46,
47].

4.7 Multilayered services

In the Smart city, the situation can happen that one service is consid-
ered a customer-facing service, but in a different context, it can be just
a supporting background service. The Service Designer needs to keep
this in mind when designing a service.

Consider a service that manages user profiles in a smart city appli-
cation. In one context, it serves as a customer-facing service, allowing
users to update their personal information through a web interface. In
another context, it acts as a background service, processing user data
to generate personalized recommendations based on usage patterns.

To handle this dual role, the service should be designed with a
clear separation of concerns, with distinct modules for handling user
interface interactions and data processing. Dynamic configuration
could be used to switch between these modes based on the incoming
request type. An API gateway could route profile update requests
to the customer-facing module and usage analysis requests to the
background processing module.

This example underlines the importance of adopting a flexible and
modular approach to service architecture, allowing a single service to
fulfill different roles across various contexts by designing the service
with a clear separation of concerns; distinct modules for handling
user interface interactions and data processing are created, ensuring
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focused functionality and easier maintenance. Embracing a modular
design approach ensures that the service is composed of reusable
and interchangeable components, promoting flexibility, agility, and
reusability. Leveraging API gateways facilitates efficient and secure
communication between clients and services, directing requests to the
appropriate modules based on their context, ultimately enhancing the
overall service experience for users in Smart Cities [48].
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5 Findings

The previous chapter’s findings emphasize Service Design’s role in
shaping relevant, inclusive, and responsive services to community
needs. The mentioned tools and approaches have proven effective in
ensuring that the services developed are tailored to meet the commu-
nity’s needs.

Municipalities need help delivering services across diverse do-
mains such as public safety, transportation, and utilities. Accumulating
data from various sources poses both challenges and opportunities,
necessitating innovative approaches to improve service delivery.

Citizen readiness and satisfaction play pivotal roles in the adoption
and success of smart city services. Empowerment and mistrust influ-
ence citizen’s willingness to engage with these services, highlighting
the importance of user-centric design principles.

Service designers must navigate the unique constraints that come
with Smart City contexts, understanding the complexity of existing
infrastructure, technological limitations, and regulatory frameworks.

Customer-facing services are essential in Smart Cities. They pri-
oritize user needs and experiences. Understanding user needs and
behaviors is crucial and often achieved through ethnographic studies,
interviews, and surveys. The needs map, a conceptual framework, is
valuable in this process. It categorizes and analyzes user needs across
service, technology, infrastructure, and management aspects, aiding
in sustainable service development.

Integrating services in Smart Cities is enhanced through tools such
as service blueprints and open data platforms. Service blueprints
provide visual representations of service interactions, facilitating the
identification of bottlenecks and optimization opportunities. Open
data platforms offer access to awealth of data sets, empowering design-
ers to gain insights into citizens’ needs and preferences and fostering
a culture of innovation and collaboration.

Urban planning techniques, such as needs mapping and mobile
ethnography, offer valuable insights into user behaviors and experi-
ences, guiding the development of sustainable services tailored to
community needs.
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5. Findings

Background services form the backbone of smart city infrastruc-
ture, supporting various applications and ensuring seamless operation.
Designers must understand the technical complexity of these services
and prioritize their integration into the broader ecosystem. Compli-
ance with standards and regulations, including data protection and
cybersecurity measures, is essential for designing robust background
services.

Lastly, the previous chapter reveals the necessity of designing
services with a clear separation of relations to accommodate their
dual roles as customer-facing and background services.

By addressing these challenges, leveraging design principles, and
employing diverse tools and methods, service designers play a pivotal
role in shaping the future of urban environments. Their efforts con-
tribute to developing innovative, user-centric solutions that enhance
urban living and foster sustainable growth in Smart Cities.
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6 Conclusions

In conclusion, this thesis has explored the Service design within the
context of Smart Cities. Examining and analyzing different sources
has identified key differences and unique challenges associated with
designing services for Smart Cities. The thesis has highlighted the
importance of adapting existing service design principles to accom-
modate the technological advancements and interconnectedness of
Smart Cities.

First, the thesis provides a fundamental understanding of services
and Smart Cities. It explains what these concepts mean and breaks
down the different parts of a Smart City tomake it easier to understand
its components. These parts also help define what smart services are.
Next, it explains the principles and stages of Service Design science. It
also fulfills its goal by recommending specific tools, methods, and ap-
proaches tailored for Smart City contexts, offering practical guidance
for designers.

Ultimately, this research continues to build on the Laboratory of
Service Systems research at the Faculty of Informatics, Masaryk Uni-
versity. It can serve as a foundational resource for designers and poli-
cymakers involved in shaping the future of Smart City services.

This work provides foundations for further practical research and
application in the rapidly evolving field of Smart City and Service
Design, encouraging continued innovation and improvement in how
we design and deliver services in urban environments.
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