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Abstract

In light of current climate change concerns, it is not enough to create only Smart Cities but it is important to create Smart
Sustainable Cities. Countries like Slovakia have not been adequately considering these issues as much as they should.
Responding to the opportunity to fill a research gap, primary research has been conducted for this article that seeks i)
to use results from previous research to compare currently identified elements influencing the development of a
sustainable Smart City concept in Slovakia with best practice cities around the world; and ii) to identify those elements
that have achieved a statistically significant correlation with the conceptualisation of Smart Cities in Slovakia. Research
data were collected through sociological interrogation, processed in a statistical programme, and subsequently
evaluated. The findings point to key elements in developing Smart Cities such as trust, state support and adapting to
change. The main output is a general model for conceptualising a Smart City. It can be utilised by strategic city
management, fellow researchers and residents of a city implementing it in their own practices. The model reflects social,
environmental, technological, and managerial aspects. Further research into the model and subsequent verification are
planned in future.
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Introduction

Population growth, migration trends and climate change have all had an adverse impact on limited resources
(Macke et al., 2019; Obringer & Nateghi, 2021). The direct impact of the last is mainly reflected in energy and water
consumption, weather, and soil biodiversity (Fernandez & Peek, 2020). Several experts believe that sustainability
of finite resources is possible and negative environmental fluctuations can be minimised through conceptualised
smart, sustainable cities (Macke et al., 2019; Obringer & Nateghi, 2021; Vukovic et al., 2021; Treude, 2021,
Ahvenniemi et al., 2017; Laconte, 2018). Over the past decade, demand for sustainable cities has risen as they
become the driving force for 21st century development (Akande et al., 2019; D Auria et al., 2018). It is estimated
that more than 70% of the world's population will be living in urban areas by 2050 (Ismail, 2017). The Smart Cities
market is forecast to grow at a CAGR (Compound annual growth rate) of 18.22% between 2021 and 2026 (Mordor
Intelligence, 2022; ReportLinker, 2022).

According to the world’s experts, climate change will be reflected in cities by a 1.5 °C rise in temperature (Kjaer
Global, 2020; Dupont, 2020). Global temperatures have increased since the 19th century, driven by higher CO2
levels in the atmosphere, with 60-80% of carbon dioxide generated primarily by cities (Guillén, 2020). Urban
agglomerations consume 75% of resources, produce 80% of emissions and generate 85% of gross domestic
product (ESPAS, 2020; Fisk, 2019). They have been a driving force for progress, providing a higher quality of life
and job opportunities (Lynas, 2020; Marshall, 2018). In 2020, there were 20 megacities, and by 2025 the number
will have grown to 37 (Chism, 2014).

The world’s best Smart City practices can be analysed through various rankings. However, only the IMD Smart
City Index approaches a comprehensive understanding of the technological core, while focusing strongly on social
and environmental elements. Research articles using data from this index dealt with the issue of smart
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manufacturing, the Smart City Framework for Malaysia or the assessment of urban development only on a
theoretical level, for example in the Czech Republic (Suvarna et al., 2020; Lim et al., 2021; Hajek et al., 2022).
However, in these articles there was a lack of connection between the ranking results and the realization of primary
research. They also lack a clear connection between the technological basis, the social and environmental element,
which is the focus of this article.

The topic has hardly been covered in Slovakia. Relevant articles connected with the researched issue tend to
concentrate on awareness of the Smart City concept itself or innovations at specific cities in the country such as
Bratislava and Poprad (Cagariova et al., 2019; Adamuscin et al., 2016; Husar & Ondrejicka, 2016; Baculakova,
2020). The outputs themselves date from 2016-20 and the information is not up-to-date. Their specific focus creates
no opportunity for general implementation of the knowledge and findings for any strategic management of cities in
Slovakia. Even in Slovakia, climate change has become noticeable and there is currently not even one Smart City
in the country studying it, thus creating a research gap (Bakonyi, 2020).

Up to 40% of the country's area is devoted to agriculture and 60% of its forest ecosystems have been significantly
damaged (Slovak Environmental Agency, 2015; Yar et al., 2018). Experts predict that, by 2075, temperatures in
Slovakia will have risen by 2-4 °C, generating periods of drought, loss of freshwater streams and melting of snow
cover (Ministry of Investments, Regional Development and Informatization of the Slovak Republic 2020; Digital
transformation strategy of Slovakia 2030, 2020). By 2030, population and migration is forecast to increase in
Namestovo, Tvrdo$in and Byt&a, three communities located in north Central Slovakia, at Kezmarok and Stara
Lubovna in the westernmost regions of Eastern Slovakia at, and in Slovakia’s second-largest city, KoSice, as well
as migration to communities surrounding Bratislava, the Slovakian capital (Szalai, 2019; SHMU, 2021).

The main problems consist of the increasing number of inhabitants in cities, the limited state of limited resources
and the insufficient solution to this problem, the absence of current data in the subject area within Slovak cities.

To explore this phenomenon, the main question addressed by the research is: What factors do help to transform
the cities into sustainable and smart ones?

The purpose of this article is to answer this question through research data which were collected through
sociological interrogation, processed in a statistical programme and subsequently evaluated. Subjects of research
were representatives of the world’s best practice cities in the IMD 2020 rankings, resident from the eight region
cities in Slovakia and 71 district cities in Slovakia (SmartCity, 2020; IMD, 2020). For these reasons the main goal
of this article is the creation of recommendations and model which are essential in order to start addressing the
issue, researching it and taking corrective and preventive action.

The ambition behind this article is to draw upon the knowledge obtained from previous research, which has long
focused on the conceptualisation of sustainable Smart Cities (Sulyova & Vodak, 2020; Sulyové et al., 2021; Sulyova
& Vodak, 2021). A number of elements have been identified both from our own outputs and published papers
outlining how state support, competitive advantage, the level of trust in government institutions and the degree of
adaptation have all played roles in conceptualising smart, sustainable cities (Sulyova & Kubina, 2022).

The novelty is represented by the results of our research activity because intensive research needed to be carried
out because Smart Cities are a topic that has not been sufficiently covered in Slovakia and no research with this
type of focus had been previously done in Slovakia. The main value and novelty is covered by factors which help
to transform cities into Smart Sustainable Cities, as well as model of this transformation. The originality and
relevance of this topic is related to the regional and national economy because cities are a driving force for progress,
providing a higher quality of life and job opportunities. They are important for regional and national development
and reputation (Lynas, 2020; Marshall, 2018). According to Safiullin et al. technologies from Industry 4.0 used in
Smart City concept (for example Internet of Things) “create new infrastructure for the concept of Smart Cities”,
(Safiullin et al., 2019). The added value of this manuscript is filling a research gap with the proposed model based
on data derived from the results of our own research. Once the model will be implemented in practice, the model
will convey practical benefits through specified outputs such as sustainable development, engagement, efficiency
and effectiveness. Fellow researchers and urban strategic management can utilise the findings in this article as a
model for conceptualising and developing sustainable Smart Cities whose results will be perceivable by residents.
The expected results of the research include:

o Identified factors that help transform cities into sustainable and smart ones.

e A model of such transformation, i. e. general model for creating a smart, sustainable city.

e Confirmation or eventual rejection of established hypotheses.
From review of our past works follows that cultural aspects have an impact on the sustainable development of cities
in the form of elements of education on the given issue, which have a positive effect on awareness and values. At
the same time, it mediates positive adaptation to change through the theory of change that supports sustainable

development and overall smart city concepts. A city that uses smart technologies with the primary goal of improving
the quality of life should be built on the principle of the expectations and needs of all stakeholders. The development
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and sustainability of Smart Cities depends on the value aspect of trust. Building trust-based Smart City concepts
can make it easier to embrace and adapt to change. Confidence in strategic management should be embodied by
a trusted manager who is characterized by integrity, achieving results based on his competencies and fulfilling
the set tasks (Sulyova & Vodak, 2021). Advanced technologies have great importance for the future for the
management of Smart City processes, resources, and stakeholders. Cities should see advanced technologies as
a future trend in a holistic way of solving social and environmental problems. Smart Cities are significantly
influenced by advanced technologies, including Internet of Things (IoT) for data collection, machine learning (used
for prediction), databases (data management), dashboards (important for presentation of data) (Vodak et al., 2021).
Responding to the opportunity to fill a research gap, primary research was conducted on a larger scale than what
had previously been done. It sought i) to use results from previous research to compare currently identified
elements influencing the development of a sustainable Smart City concept in Slovakia with best practice cities
around the world; and ii) to identify those elements that have achieved a statistically significant correlation with the
conceptualisation of Smart Cities in Slovakia. Research contributes to section of Literature Review on smart and
sustainable cities and management of limited resources in the urban environment.

Literature Review

Currently, there are several approaches to understanding the term Smart City. Giffinger et al. (2007) are of the
opinion that a prosperous city that achieves a high level in the field of energy, mobility or health based on strategic
decision-making processes, independence, innovation, and awareness of citizens can be called a Smart City.
Lombardi et al. (2011) they claim that Smart City includes not only the holistic aspect of technology, but the key
element is mainly the knowledge level of citizens and their attitude towards change. The term points to the
dependence between the city management and its inhabitants. Manville et al. (2014) they primarily appeal to the
interactive implementation of urban processes, activities, and services by individual actors. Patrao et al. (2020)
argue the importance of an integrated approach in the form of an "umbrella” that covers the technological core, the
cooperation of interested parties and a high quality of life. Latest definitions from Singh et al. (2022) and Schiavo
& de Magalhaes (2022) define Smart City as an effective integration of solutions for citizens and an approach that
uses technology as a tool to improve the quality of life.

Managing Smart City concepts with a focus on limited resources is related to the concept of sustainable
development. Beaumont (2013) understands sustainable development as an effort to protect limited resources to
preserve the planet for future generations by supporting the elements of sustainable development. Wahl (2020)
states that it is the process of maintaining an element at a certain level to protect limited resources for future
generations and increase the quality of life of citizens. Attenborough (2020) defines sustainable development in
the urban concept as the stabilization of biodiversity that can be achieved by managing limited resources. The
world does not have the natural sustainability of nature. Maxton (2020) reflects the importance of living like ancient
civilizations, i.e. to maintain a constant consumption of limited resources. Mao & Deng (2022) they perceive
sustainable development as strengthening the complex coordination of urban systems that have an impact on
society and the environment because of climate change and its negative impact on the state of limited natural
resources.

Traditional Smart Cities give priority to the structural elements of government, health, security, culture, and
education, and prefer economic aspects related to profit generation (Ahvenniemi et al., 2017; Treude, 2021;
Elgazzar & El-Gazzar, 2017). The superior term to Smart City is Smart Sustainable City, which complies with all
the basic elements of the concept of Smart City with the extension of indicators related to the management of
limited resources (environment, waste and water management, eco-friendly energy, etc.) (Ahvenniemi et al., 2017;
Treude, 2021). A common feature between Smart City and Smart Sustainable City is the effort to increase the
quality of life, the reputation of the city and the satisfaction of citizens (Ahvenniemi et al., 2017; Treude, 2021). The
hallmarks of a Smart Sustainable City are sustainable principles of community-based strategic government and
the conservation of resources for future generations (Elgazzar & El-Gazzar, 2017). This definition can be adopted
not only for large and medium cities but also to the smaller scale cities. Lopes and Oliveira claims “small scale
cities have huge potential to make their mark in Smart Cities concept, we can also state beyond doubt that small
and medium sized cities do not lag behind the large ones when it comes to Smart Cities,” (Lopes & Oliveira, 2017).
On a bottom-up basis, smart, sustainable cities are able to meet the social and environmental needs of all
stakeholders (Macke et al., 2019). A new trend in 2022 is to build Smart Cities based on vertically oriented
relationships in the proposed models (Khalid, 2022). Smart sustainable cities represent an innovative solution to
optimize resources, build new and develop existing world cities (do Livramento et al., 2021; Bibri, 2018). Smart
Sustainable Cities they have social, economic and ecological aspects. The social aspect includes the ability to
meet the needs of citizens from the point of view of education, health, safety, housing, culture, or social inclusion
(Schiavo & de Magalhaes, 2022). The economic aspect reflects the possibility of getting a job, creating innovations
and using the city's infrastructure (Schiavo & de Magalhaes, 2022).

The ecological aspect of Sustainable Smart Cities rebuilds the ability of resources for future generations in terms
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of their quantity and quality. Limited resources include air, soil, water, and energy (Schiavo & de Magalhaes, 2022).
The same opinion have Ofoezie et al. (2022), according to which one of the important components of the Smart
Sustainable City is the protection of limited natural resources. The environmental aspect of the lack of limited
resources manifests itself in the social environment of cities primarily through threats to health, the ecosystem,
biodiversity, and climate (Schellens & Gisladottir, 2018). The criticality of the state of limited resources is in the
opinion Schellens, Gisladottir (2018) also caused by low state support and the wrong way of managing them. The
trend of population growth in cities increases the consumption of limited resources, which negatively affects the
management concept. However, one of the solutions is according to Currin et al. (2022) to create Smart Sustainable
Cities. Building new and developing current Smart Cities based on sustainability helps the strategic management
of the city to use resources effectively and efficiently.

The ecological and social aspect of Smart Cities is coming to the fore especially in the 21st century. Albino at al.
(2015) they claim that earlier definitions of Smart City preferred the technological aspect, but the current ones are
social (people, communities) and ecological (protection of the environment and limited resources for future
generations). The same opinion have Al-qudah et al. (2022), who claim that the element of sustainability represents
a city's competitive advantage and is based on understanding and meeting the needs of residents in terms of social,
cultural, political and ecological aspects.

Summary of section Literature Review is findings that Smart Sustainable Cities represent a higher level of Smart
City and their creation and development contribute to the protection of limited resources for future generations.
With the growth of the population in cities and the decrease of limited resources, it is important to develop solutions
that will include not only the ecological but also the social aspect of adaptation to changes in connection with the
technological core of the concept Smart Sustainable Cities. It follows from the above findings that the main objective
which is to develop a general model for conceptualising a Smart City based on results from our own research. The
groundwork for our research is the questions set out in the materials and methods section of this article and
hypotheses that serve to validate, describe, and design the model, and to obtain a better understanding of the
issues in Slovakia. Hypotheses 1 and 1a focus on conceptualisation elements; in other words, a city’s readiness to
adopt a Smart City concept in Slovakia. The point behind Hypothesis 2 is to link the social element of change
adoption to the foundation of each Smart City, i. e. the technological core. The hypotheses are in the following
formulations:

Hypothesis 1: If a city’s readiness to successfully create a Smart City depends on the elements of (1) trust, (2)
state support, (3) city size and (4) competitive advantage, then cities in Slovakia whose population is greater than
100,000 inhabitants have the greatest potential to become Smart Cities based on sustainable development.

Hypothesis 1a: If readiness and successful implementation of the Smart City concept depend primarily on the
element of trust, then there is a positive correlation between state support and trust.

Hypothesis 2: If residents are more positive about change adoption in their lives, then they will have more
confidence in cutting edge technologies and applications.

Methods

Study area — research focused on the world’s best practice Smart Cities according to a selected ranking and cities
inside Slovakia. Among member states of the European Union, Slovakia ranks 31st by population. Its area is 49,035
square kilometres and, according to figures, the population is 5,449,270. Slovakia has no Smart Cities itself at this
time although initial conceptualisation initiatives started in 2017 (Bakonyi, 2020). They remain only theoretical, and
the concepts have yet to be put into practice. None of the plans presented to date have been implemented.
However, climate change, migration, and population growth, evident in the scarcity of resources, are creating the
conditions for conceptualising Smart Cities and pressure is being put on Slovakia to follow through on the first
Smart Cities. Research involved the contact of 71 sufficiently populated district cities, covering an adequate area
to be feasible, out of the 141 cities registered in Slovakia’s eight regions (Slovakia — regional geography, 2022;
Slovakia, 2022; Slovak Republic — summary statistics, 2022; List of cities in Slovakia, 2022; Ministry of Economy
of the Slovak Republic, 2017).

Objectives: (i) to use results from previous research to compare currently identified elements/factors influencing
the development of a sustainable Smart City concept in Slovakia with best practice cities around the world; and (ii)
to identify those elements that have achieved a statistically significant correlation with the conceptualisation of
Smart Cities in Slovakia.

Intensive research needed to be carried out because Smart Cities are a topic that has not been sufficiently covered
in Slovakia and no research with this type of focus had been previously done.
Subjects of research — Smart City respondents consisting of the following:
e Representatives of the world’s best practice cities in the IMD 2020 rankings (SmartCity, 2020; IMD, 2020).
e Residents from the eight region cities in Slovakia (sampled from a population of 1,121,256 people, 95%
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confidence interval, 5% sampling error, so a minimum 385 residents of Slovakia).
e 71 district cities in Slovakia.
The IMD ranking was selected to meet criteria for comprehensiveness and centrism toward the cities’ residents.

Their selection was conditioned to concentrate on economic, technological and social aspects such as quality of
life and the urban environment from the perspective of a city’s residents (SmartCity, 2020).

The research spanned the thirteen-month period from June 2021 to July 2022. Because the IMD 2021 rankings
were not available when research began (they were only published in November 2021), the IMD 2020 rankings
were used for selection.

Twenty-two mayors were contacted from among the sample of Smart Cities and, during the selection process, a
questionnaire was sent to the top three ranked cities by best practice and to eight other respondents who had been
contacted in previous research:

e Auckland;
e Copenhagen;
e Amsterdam;

e Prague;

e Budapest;
e Berlin;

e Athens;

e Rio de Janeiro.

When selecting additional cities, two criteria had to be simultaneously satisfied:
e They were European Smart Cities (cities in England were not considered part of the European Union); and
e They had risen in the rankings between the base year 2019 and 2020.
Eleven cities met the conditions above. Overall, the sample consisted of 22 Smart Cities globally. Cities in Slovakia
were categorised by their size into five groups:
1. Lessthan 6,000 (two cities)
2. 6,000 - 10,999 (five cities)
3. 11,000 - 19,999 (22 cities)
4. 20,000 - 99,999 (40 cities)
5. 100,000 or more (two cities)
Methods — primary research was comprised of sociological interrogation with an online questionnaire created in

Gpogle Forms, which contained the research questions below. They were developed from previous research
(Sulyova & Kubina, 2022) and the results therefrom, with the aim of follow-up research and to prepare this article:

e To what extent are stakeholders satisfied with current state support for urban modernisation?

o What is the region’s competitive advantage?

e What is the degree of trust in government institutions?

o Whatis the level of the city's strategic management’s readiness to put the Smart City concept into practice?

¢ How adaptable are residents to change?

¢ How much do residents trust modern applications?

¢ How is the city currently managing finite resources?

e How many projects involving the management of limited resources have taken place in the last three years?
The data obtained from the questionnaires were then statistically processed in IBM SPSS Statistics 26 software,
where the variables were correlated according to their type, with Pearson’s Chi-squared, Cramer's V and a
contingency coefficient used for nominal data and, for ordinal numbers, Spearman's rank correlation coefficient
(rho) to compare two variables and the Kruskal-Wallis one-way analysis of variance (H) to compare more than two
variables. If the Chi-squared test’s predictive power was very low and the expected multiplicity was lower than the
set materiality level of 5%, then the likelihood-ratio and Fisher-Freeman-Halton tests were utilised for contingency

tables larger than 2 x 2. In addition to the statistical tests, a hypothesis verification method and a Pareto distribution
diagram were also used.

Comparative methods were applied to study the relationship between Smart Cities outside of Slovakia and cities
in Slovakia, while problem-solving methods such as modelling, creativity, logic, synthesis, induction and deduction
contributed toward the development of a general model for conceptualising a smart sustainable city).
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Results
Profile of respondents: Sampled cities

After writing mayors in selected cities several times, and in Slovakia telephoning them, responses were obtained
from 16 Smart Cities around the world (73% success rate) and all 71 district cities in Slovakia (100% success rate).
The Smart Cities that were researched are marked in bold on Table 1.

Table 1. Selected Smart Cities addressed in the research phase.

Position in ranking Smart Cities Ranking Reason for selection
Singapore 1.
Helsinki 2. Best practice
Zdrich 3.
Auckland 4.
Top Copenhagen 6. Contact
Amsterdam 9.
Munich 11. The new Smart City in Europe
Stockholm 16. European Smart City + growth in the rankings
Sydney 18. Contact
Hamburg 22. The new Smart City in Europe
Vienna 25. Contact
The Hague 28. ) ) )
European Smart City + growth in the rankings
Rotterdam 29.
Middle
Berlin 38.
Contact
Prague 44,
Krakow 58.
Tallinn 59.
European Smart City + growth in the rankings
Brussel 60.
Lisbon 75.
End Budapest 77.
Athens 99. Contact
Rio de Janeiro 102.

Source: processed according to IMD (2020)
Profile of respondents: Sampled populations

The characteristics of the population of Slovakia are important for providing an idea of the structure of the sample
that is relevant to the research (see Figure 1). At a 95% confidence level and 5% sampling error, 385 residents
participated in the Smart City survey and 444 residents completed the questionnaire.

From the data collected, the sample comprised mainly respondents aged 31 to 45 (50%) and 19 to 30 years (28%).
In terms of their education, the highest percentage of the population sampled had a university degree (50%),
followed by residents with only a secondary school education (48%). Women expressed more interest in the issue
with a participation rate of 64%. The administrative region variable appears to be the most important characteristic.
The largest number of respondents came from Trenéin Region (32%), followed by Zilina Region (18%) and
Bratislava Region (16%).
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Fig. 1. Sample from the population of Slovakia.

Source: own processing

In our opinion, the level of respondents’ involvement depended on where the researchers live permanently, the
university from where the research was conducted and, in the case of Bratislava Region, the level of concern that
residents had expressed about the issue and the capital city’s prestige.

Factors influencing the conceptualisation of Smart Cities

An essential element of the research questions was the ability from them to derive information about the level of
support, competitive advantage, level of trust and the readiness of the cities to embark upon becoming a Smart
City. Size was made an indicator after the cities were categorised into five groups according to population (see

Methodology).

To what extent are stakeholders satisfied with current state support for urban modernisation?

Figure 2 shows cities outside Slovakia scoring significantly higher in terms of satisfaction with current government
support for urban modernisation, at 8 on a scale of 1 (minimum) to 10 (maximum).

90 i

80 Residents of
* Slovakian cities
‘q&) 70 n =444 4
260 4=
2
g0 Cities in Slovakia
5 40 n=71
5 30 Smart Cities
g 20 n=16

0 et ol [

0 L
Scale
192 3 401516 m7 m8 m9 110

Fig. 2. Evaluation of respondents' satisfaction with state support for modernisation.

Source: own processing

Mayors of cities in Slovakia expressed a level of satisfaction between 3 and 5 on the same scale, while residents
in Slovakia overwhelmingly preferred to score the indicator at 5, at the middle of the scale.

What is the region’s competitive advantage?

Ten of the 16 rest-of-world cities have a combined advantage (both natural and acquired), while six of them had

an acquired advantage, second in the ranking.
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Fig. 3. Evaluation of regional competitive advantages.
Source: own processing

In Slovakia, 37 cities (see Figure 3) enjoyed a combined advantage, 15 a natural advantage (forests, meadows,
pastures and the like) and 12 an acquired advantage (expertise and technology). Compared to the cities beyond
its borders, however, Slovakia’s district cities felt either that they had no advantage or did not know if they had any.

What is the degree of trust in government institutions?

World cities trust government institutions, with five of them placing their level of confidence at 8 on the scale, and
another seven at 9. In Slovakia, the degree of trust is much lower, as shown by Figure 4. The highest values were
5, expressed by sixteen cities and 3 by fifteen cities.
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Fig. 4. Evaluation of the level of trust in government institutions.
Source: own processing

What is the level of the city's strategic management’s readiness to put the Smart City concept into practice?

Both the processing of the results and interpretation of them (see Figure 5 and Table 2) show cities in Bratislava
Region to be the most prepared for adopting the Smart City concept.

Table 2. Average value of city readiness for the Smart City concept by region.

Region Readiness (average value)
Bratislava 6.4
Banska Bystrica 2.1
Kosice 2.9
Nitra 2.4
PreSov 25
Trencin 2.8
Trnava 2.8
Zilina 34

Cities in Zilina and Kos$ice Regions were the second and third most prepared, respectively. But compared to
Bratislava Region, they were on average about two times less prepared.
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Fig. 5. Readiness by region of cities in Slovakia to embrace the Smart Cities concept.
Source: own processing

How adaptable are residents to change?

Figure 6 indicates that an absolute majority of respondents valued their level of change adaptation at 3, on a sale
of 1 (low) to 10 (high).
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Fig. 6. Evaluated degree of residents’ adaptation to change.
Source: own processing

The chart implies no positive perception of change among people in Slovakia. They can neither acclimatise
themselves easily to a changing environment, nor flexibly adjust to it.

How much do residents trust modern applications?
On a scale of 1 (minimum) to 10 (maximum), the trust expressed by residents of Slovakia (444 respondents) in
modern applications spiked at 1, 3 and 8 (see Figure 7).
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Fig. 7. Evaluated level of local trust in modern applications.
Source: own processing

Management of limited resources in the urban concept

How is the city currently managing finite resources?

The world’s Smart Cities follow a set strategy to manage limited resources and to plan and implement their projects.
Over time, they monitor the data, analyse it and take corrective action, for which they raise financial resources
(Figure 8). Not even one of the surveyed cities outside Slovakia indicated in their questionnaires any inability to
manage finite resources.
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Fig. 8. Limited resources management in Smart Cities.
Source: own processing

Cities in Slovakia prefer developing projects and drawing funds. Strategy, which is supposed to be the primary
step, was underestimated, and overlooked by Slovakian cities. Research showed five cities not managing their
resources at all (Figure 9).
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Fig. 9. Limited resources management at cities in Slovakia.
Source: own processing
How many projects involving the management of limited resources have taken place in the last three years?

Figure 10 shows seven of the Smart Cities around the world, out of the 16 that responded in the survey, to have
implemented 11 or more projects in the last three years. Fifty-one cities in Slovakia, representing all of the
categories (Category 1-5 by population), responded to this question about the projects they had completed.
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Fig. 10. Amount of limited resources management projects implemented in the last three years.
Source: own processing

The results indicated that, in the past three years, they had not been able to implement enough projects even
though the previous research question had ranked them at the top in how they managed limited water resources.

Verification of hypotheses

Based on the null hypothesis of no association and dependence between the variables, the working hypotheses
proposed earlier were assessed. The indicators used to verify Hypothesis 1 were the levels of government support
and trust, competitive advantage, a city’s readiness to adopt the Smart City concept, and its size. For Hypothesis
1a, they were the levels of government support, trust, and readiness. The degree of adaptation to change and the
level of trust were the indicators used to prove or disprove Hypothesis 2.
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The Kruskal-Wallis H test was chosen for the calculation because of the ordinal nature of the variables (trust, state
support, size, and readiness). Table 3 displays the statistical verification of all three hypotheses. The results argue
for the p-values of trust and size variables being below the established significance level of a = 0.05.

Hence, Working Hypothesis 1 was not confirmed because readiness depends on trust and size, not on state
support and not on competitive advantage.

Since competitive advantage was a nominal variable, readiness was modified into a dichotomous variable (yes/no)
for dependence to be detected with the Chi-squared test (Table 3). As six cells have an expected multiplicity of
less than five, the likelihood ratio and the value generated from the Fisher-Freeman-Halton test of statistical
significance were calculated and these are shown in Table 3.

They are greater than the significance level (5%), so the null hypothesis was accepted: competitive advantage has
no statistically significant effect on the variable of a city’s readiness to adopt the Smart City concept.

The correlation between the ordinal variables of trust and state support was ascertained through Spearman's Rho
(Table 3). The calculation implies an obvious correlation, namely that the null hypothesis is rejected and Hypothesis
lais accepted.

Both the degree of adaptation by residents to change and the level of trust in modern applications are ordinal
variables whose values range from 1 to 10. The null hypothesis for Spearman’s Rho is that the degree of adaption
to change does not depend on the element of trust in modern applications. Table 3 presents the calculation
revealing an evident dependency at the 5% significance level, where the p-value in both cases takes a value less
than 0.05, So the null hypothesis is rejected, and the alternative Hypothesis 2 is accepted.

Table 3. Statistical verification of hypotheses.

Hypothesis 1

Trust State Support City Size
Kruskal-Wallis H* 16.598 8.330 61.983
df 8 8 8
Asymptotic sig. (p-value) 0.035 0.402 0.000
Asymptotic .
o Exact Approximate
Value df Significance L o
Significance Significance
(p-value)
Pearson’s Chi-squared 4.212a 4 0.378
Likelihood-ratio 6.226 4 0.183
Freeman-Halton 3.530 0.475
Number of respondents 71
Nominal by Nominal
Statistical significance no

Hypothesis la

Spearman’s Rho Trust State Support
Correlation coefficient 1,000 0.567**
Trust P-value - 0.000
N (number/amount) 71 71
Correlation coefficient 0.567** 1.000
State Support P-value 0.000 -
N 71 71

Hypothesis 2

Spearman’s Rho Changes Trust
Correlation coefficient 1.000 .186**
Changes P-value - 0.000

N 444 444
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Correlation coefficient 0.186** 1.000
Trust P-value 0.000
N 444 444

Note: * Compared group: Readiness; a) Six cells reach the expected number less than 5, the expected number is 0.62; **
Apparent correlation at the level of significance

Main findings from research

Primary research found the national government not doing enough to promote modernisation of cities and low
levels of trust in the state, which correlates with data from a 2019 European Union study. It showed 80% of
respondents dissatisfied with government support and trust by Slovaks in their national institutions rated at only
4.8 out of 10 points (OECD Economic Surveys, 2019). The consequence of such an assessed low trust in the
strategic management of cities in Slovakia has an impact on how procedures are implemented in practice. Any city
that desires to become a Smart City should achieve a combined advantage, or to have gained more than just a
natural advantage. Research suggests it advisable, when setting out to create smart sustainable cities in Slovakia,
to focus on individual cities rather than regions. The argument stems from a finding that regional cities with a higher
population have the highest level of readiness. Other experts agree with the assertion, and they believe that cities
whose populations are greater than 100,000 have a greater degree of readiness to adopt the Smart City concept
(Lopes & Oliveira, 2017; European Parliament, 2014; OECD, 2020).

To summarise, world cities outside Slovakia have a higher level of government support, trust, and willingness
among their residents to embrace change. They are implementing more conservation projects and managing
limited resources better. Mayors of Smart Cities around the world primarily have a resource management strategy.
A surprising finding was that Slovakian cities implement projects without following any strategies. Their method of
managing finite resources has not been properly set up. Failure to execute a strategy correctly in the early stages
reduces overall effectiveness.

The results of our own research indicate that the elements of trust and city size influence the conceptualisation of
smart, sustainable cities, while government support and competitive advantage do not. Therefore, Hypothesis 1
was not confirmed. Nonetheless, since the element of trust influences a city's readiness to adopt the Smart City
concept and Hypothesis 1 likewise confirmed the correlation between trust and support, there is a necessity for
cooperation and participation in new Smart City projects. It is crucial for people in Slovakia to develop a positive
attitude toward change from early childhood since a direct relationship exists between change and trust (expressed
by Hypothesis 2). Moreover, research found the change adaptation variable to be extremely low. Table 4 shows it
as just 3 out of a possible 10 points. A summary of the main findings from the first part of primary research focusing
on Smart City issues can be found in Table 4.

Table 4. Main findings from primary research questions and hypotheses.

Research questions

Results

To what extent are stakeholders satisfied with current state support for urban
modernisation?

What is the region’s competitive advantage?

What is the degree of trust in government institutions?

What is the level of the city's strategic management’s readiness to put the Smart City
concept into practice?
How adaptable are residents to change?

How much do residents trust modern applications?

How is the city currently managing finite resources?

How many projects involving the management of limited resources have taken place
in the last three years?

Smart Cities = 8;
Cities in Slovakia =3 and 5

Combination of natural and
acquired

Smart Cities = 8-9;

Cities in Slovakia = 3-5

Low, only 3 on a scale of 1-10

Low, only 3 on a scale of 1-10

Low in general; highest in
Bratislava Region - 6.4 points out
of a possible 10

Smart Cities = strategy, projects,
monitoring

Cities in Slovakia = projects,
finances, strategy

Smart Cities = 11+;

Cities in Slovakia = from 1 to 5

Hypotheses

Results
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1: If the city's readiness to implement the Smart City concept successfully depends on
the elements (1) trust, (2) state support, (3) city size, and (4) competitive advantage,
then cities have the greatest potential to become a Smart City based on sustainable
development in Slovakia if they have over 100,000 inhabitants.

Not confirmed

la: If the successful implementation of the Smart City concept / readiness depends
primarily on the element of trust, then there is a positive relationship between state Confirmed
support and trust.

2: If residents are more positive about the changes in their lives, then they will have

more confidence in modern technologies / applications. Confirmed

Discussion, a general model, its benefits, limitations and implementation recommendations

This article suggests a general model for building a smart, sustainable city. It consists of three core layers where
social, technological, and managerial aspects are reflected in the centristic oriented level, technology level and
strategic management level, respectively. It also includes an environmental aspect in the form of a sustainable
development block encompassing a limited resource management strategy and, in a separate block,
management’s readiness to create and develop a Smart City. The model, shown in Appendix A, builds upon
previous research. While the earlier sub-models were designed from secondary data analysis, the model described
here is based on primary data from our own research. The hypotheses earlier postulated here have verified some
of the elements from the previous sub-models.

The new aspects are mainly outputs from the model that concentrate on sustainable development, readiness and
verification of the interrelationships between the key elements that influence the conceptualisation of a Smart City.
Individual parts of the model are descriptive, linked to the results in the previous chapter, and include a discussion
incorporating the views from other studies authored on the subject.

General model for creating a smart, sustainable city
Centristic oriented level

The model’s entry level responds to the trend toward centrism models oriented toward urban residents with the
bottom-up vertical relationships referred to in Khalid (2022) and Macke et al. (2019). The core is a psycho-social
orientation whose significance has been expressed by Gassman et al. (2020); Grossi et al. (2020); Casey (2020);
Fourneris (2020) and Gordon (2020). All of them emphasise key input elements from residents, who have
individual, collective and systematic roles in conceptualising a Smart City.

Every resident has their own level of education, awareness, values, and level of change adaptation within the role
each individual plays. Those who have lived in Slovakia from infancy have experienced a homogenous culture and
values, while residents that have recently immigrated to Slovakian cities have had to adapt their culture and values
to a new environment. Adaptation, according to Bull et al. (2018), McGrath and Bates (2015) and the methods of
Elisabeth Kibler-Ross, are influenced by an element in the theory of change. In the world’s best practice Smart
City, Singapore according to the IMD 2020 ranking, children as young as six years of age have learned to cope
with unpredictable changes and to perceive both technological development and multiculturalism positively. The
more stress academic institutions place on new subjects oriented toward the Smart City concept, conservation,
managing limited resources and sustainable development, the greater the awareness of these issues and the
higher the population’s educational level about them. In the opinion of Wood et al. (2006); Bacon (2006) and Clark
(2010), awareness and homogeneous values led liberal communities underscoring urban sustainable development
to emerge and play a collective role in the Smart City concept. Here, national governments should be supporting
innovative projects, sharing transparent information, and thereby building what is a necessary element in the model,
namely trust. Results from research indicate the level of government support influences the level of trust, which in
turn has a significant impact on residents’ engagement, one of the main outcomes of the model. This view is also
shared by authors such as Romano and Akhmouch (2019); Ramadi and Nguyen (2021), Wang et al. (2021), Covey
(2008), Zak (2017) and Edelman (2020). Linking individual, and collective roles with the impact of state support
builds up the systemic role a holistic Smart City approach plays and emphasises a bottom-up approach that focuses
on the role of residents (Sancino & Hudson, 2020; Huovila et al., 2019; Milo3evic¢ et al., 2019; Muller et al., 2019
and Varsheny, 2020).

Theory of change

Residents would have to change their behaviour and customary lifestyle, way of thinking and their upbringing to
adapt to the changes a new Smart City concept would bring and identify with them. These elements are achievable
according to the theory of change, whose theoretical significance, as published by James McGrath and Bob Bates,
are highlighted in particular by Kubler-Ross and have been applied in practice in Smart City Singapore (McGrath
& Bates, 2015). According to Filo, conservation of limited resources is trending as a concern among residents
younger than 35 years of age, yet despite the trend, seniors are also interested in the issue (Filo, 2021).
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Filo’s own research confirmed the argument, where the importance of conservation was mainly expressed in the
31-45-year age group (49.5% of the total number of respondents) while the figure fell to 12.3% among the senior
age group (60+).

Technology level

It is the task of national governments and the state to provide adequate technological equipment for the Smart City
concept to work. Data is collected through the Internet of Things (10T), while the management and presentation of
the data is processed and stored through the city’s own dashboards. A detailed description of the technologies can
be found in the previous article from the authors (Vodak et al., 2021).

Strategic management level

Support in management and decision-making is a major element in the model’s third level because it has a direct
impact on the managerial functions block. Prediction based on machine learning technology can lower the degree
of risk in new Smart City concept projects. Delineating potential problems and risks before the planning phase
makes it possible to strengthen a city’s readiness to adopt Smart City approaches. Besides machine learning, the
entire technology system has an impact on the strategic management level, which is reflected in the elements of
the pyramid of vitality. Management structures are updated from data collected in the field, which generates both
dynamism and stability in the processes due to their continuous improvement. The pyramid of vitality has a mutual
feedback loop with the pyramid of culture that synergises, harmonises, and integrates Smart City approaches,
thereby conveying key insights for the management function of planning. The issues have been discussed, for
example, by Maca (2013), Stevankova (2018), Attenborough (2020) and Harari (2018).

Vision, goals, and factors are the inputs feeding into the managerial functions block from the internal environment.
This view is also shared by van Hattum et al. 2017 and Mguni et al. (2015), although they specified no criteria for
developing the objectives, something which would be later addressed by Kalenyuk et al. (2022). The vision should
be conceived inspirationally, in harmony with the expectations of all stakeholders, collectively in collaboration with
residents and over a longer time span for sustainable development, respecting the limits of systemic growth.

The managerial functions block is also influenced by the professional and character qualities of the city’s strategic
management, represented at the individual level by a manager. Based on his or her knowledge and experience,
the manager applies acquired and innate abilities, such as temperament, to carry out the job and contribute toward
achieving results. Because Hypothesis 1 was verified, the relationship between the direct influence of competitive
advantage and government support on the readiness of city management to adopt a Smart City concept, which
appeared in the previous sub-model, has now been removed.

External environment

In separate studies, Macke et al. (2019), Obringer & Nateghi (2021) defined the main trends in the external
environment that affect the model, namely population growth, migration trends and climate change with its negative
impact on limited resources. The trends need to be monitored and analysed as their predictive early detection can
eliminate the adverse impact, they would otherwise have on the Smart City concept.

Stakeholders: cities and residents

The stakeholders in the proposed model, according to our own research, include residents and urban strategic
management. Residents mediate values, awareness, and expectations, thereby contributing to the creation of
centrist models and cities. The strategic management of cities (mayors and city councils) form the foundation for
management and coordination. Research results point to the critical nature of government support, which is why
the last stakeholder in the model is a particular country's national government and state institutions.

Model outputs

Sustainable development, engagement, efficiency, and effectiveness are among the model’'s outputs (see
Appendix A). The first of these, sustainable development, depends on quality of life, a criterion understood in the
context of this article to mean providing adequate scarce resources for present and future generations, including
environmental protection. Besides adopting the approaches followed by the world’s best practice Smart Cities,
essential instruments for achieving the criterion include cooperation, trust, and the theory of change for better
adaptation by residents.

Engagement reflects receptivity to change and sufficient awareness of the issue. The level of a city’s strategic
management level should be high enough to build trust, develop the theory of change and to educate, communicate
to, and cooperate with other stakeholders. Effectiveness is linked to state support for financial and technological
readiness.

Benefits of the model and how to use it

The model contributes theoretically to the management of scare resources in an urban environment as it fills a
research gap in this area with data derived from the results of our own research. Once implemented in practice,



15 SciPap 30(3)

the model will convey practical benefits through specified outputs. Fellow researchers and urban strategic
management can utilise the findings in this article as a model for conceptualising and developing sustainable Smart
Cities whose results will be perceivable by residents.

Limitations of the model

Limitations of the model include the following:
e Research was confined to best practice cities and cities in Slovakia.
e Dependence on a city's size — as such the model is appropriate for a city whose population is greater
than 100,000.
e Conditions set out for putting Smart City concepts in practice, such as achieving an adequate level of
government support, level of trust and willingness by residents to commit themselves to a Smart City.
e Need for verification of it in practice.

Recommendations for practice based on the research outcomes

The results of our own research show a very low level of trust in state institutions in Slovakia. To increase the level
of trust, it is necessary for state institutions to comply with their commitments, actively support new projects, share
transparent information, and create credibility for example in the form of consultations, open discussion, or
measures to popularize the Smart Cities concept among citizens, etc. According to Covey, an atmosphere of trust
is created by the readiness of the city's strategic management based on integrity, intent, competence, and results
(Covey, 2008). Filo claims that in order to build an atmosphere of trust in Slovakia, it is necessary for state
institutions to have strategic documents, they used knowledge from science and research and had enough skills
to implement change in practice (Filo, 2021). The importance of trust and state support in building Smart City
concepts is also argued by the opinions of the authors Romano, Akhmouch (2019), Ramadi, Nguyen (2021), Wang
et al. (2021), Zak (2017), Edelman (2020) or Tagliaferri (2022).

Based on the comparison of the opinions of Covey and Fil, it is possible to claim that their elements are
homogeneous. If the state acts in accordance with its values and intentions, it implements the outlined strategies,
competence includes the professional side (knowledge from science and research) and the ability to implement
changes in practice represents results. According to the research results, state support affects the level of trust
that affects citizens (their values, participation, etc.), thus arguing for its importance.

The recommendation of theory of change is to act on the accepted values recognised by young families and to
utilise elements from the theory of change to nurture the next generation. Children should be raised and educated
primarily in a family environment. For the approach to work, they need education from an early age, instilled with
environmental values, and for resources to be allocated so they can contribute to a better future for all. Therefore,
it is crucial to have an active adult population informed about the situation, because if this group takes a positive
approach, their educational methods will likewise be transferred to much younger or older segments. Nonetheless,
the theory of change should be developed by educational institutions starting at the age of three.

Future research

Future research involves integrated management of key limited resources that respondents (both residents and
the cities) consider critical to manage for future generations. Such research is intended to take place. Based on
the outputs, a sub-model for the current strategic management block for limited resources will be proposed.
Together with this sub-model, and after additional research, verification of the model in urban practice is planned.

Conclusion

Proposed article was aimed to examine what factors do help to transform the cities into sustainable and smart
ones. Sustainable urban ecosystems are facing the challenge of the negative impact caused by climate change.
An answer to this challenge is the creation of so-called "sustainable Smart Cities", whose solutions will contribute
toward the conservation of finite resources for present and future generations. However, some countries like
Slovakia have not adequately considered these issues as much as they should. Findings from our own research
have filled an existing research gap. Based on the results of our own research, it is possible to summarize the most
important conclusions. As part of the primary research questions, information on factors was obtained:

e Level of state support in the area of city modernization.

e Competitive advantage, which is divided into natural (meadows, pastures, etc.), acquired (knowledge and

technology), respectively combined (natural and acquired at the same time).

e Level of trust in state institutions.

e The readiness of cities to implement the Smart City concept in practice.
The results show that a city that wants to become a Smart City should achieve a combined advantage or obtained

to a greater extent than just a natural one. However, after the verification of the hypothesis, it turned out that the
competitive advantage does not affect the readiness of cities to implement the Smart City concept. It depends on
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the factors of state support, trust, and the size of the city. Primary research found the national government not
doing enough to promote modernisation of cities and low levels of trust in the state. It showed that respondents
dissatisfied with government support and trust by Slovaks. The output is an evaluation of the low level of trust in
state institutions from the perspective of the strategic level of management of Slovak cities. Research suggests it
advisable, when setting out to create smart sustainable cities in Slovakia, to focus on individual cities rather than
regions. Regional cities achieve the greatest degree of preparedness. The capital Bratislava is the most prepared.
To summarise, world cities outside Slovakia have a higher level of government support, trust, and willingness
among their residents to embrace change. In this way and with their results, they represent a model according to
which Smart Sustainable Cities can be built even in the territory of Slovakia. From the point of view of managing
limited resources, it has become clear that the world's Smart Cities primarily manage resources based on strategy,
they are implementing more conservation projects and managing limited resources better. It involved the world's
best practice Smart Cities and cities in Slovakia, drawing a conclusion that the key elements influencing the creation
of a Smart City are primarily the level of trust and the number of city residents. Confidence needs to be secured
among residents through government support for urban modernisation. They should also positively embrace
change, which can be achieved through the theory of change and effective strategic management within the city.

The main take-away is a proposed model for creating a smart, sustainable city, which includes social, technological,
environmental, and managerial aspects. Its graphic representation reflects trends toward centrism and a vertical
direction of bottom-up relations. The proposed model outlines an implementation pattern especially for strategic
urban management and research findings utilisable by fellow researchers. Stakeholders among the population will
also appreciably notice the model’'s positive impacts, in the form of outcomes such as sustainable development,
engagement, efficiency and effectiveness. When implementing the model, it is also necessary to take its limitations
into account such as its origin from research, conditions for implementing the model and that the size of the city is
a limiting factor. Additional research is planned in future for developing a sub-model covering the management of
a specific limited resource respondents consider critically important to manage for future generations.
Subsequently, verification of the model in urban practice is planned. The research results reflect the assessed
issue, i. e. lack of limited resources, population growth in cities and the absence of solutions to the given problem
in cities in Slovakia. The research results could be implemented in the practice in the form of recommendations
and in the form of implementation of proposed model for creating a smart, sustainable city. Benefits and added
value consist of specified outputs such as sustainable development, engagement, efficiency and effectiveness,
higher level of trust, state support and better adaptation of citizens through theory of change. It is important to deal
with this issue now, because if we want to protect limited resources for future generations, one of the solutions is
to build Smart Sustainable Cities, which, however, takes some time.
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Fig. A-1. General model for creating sustainable Smart Cities.
Source: processed by the authors from article results




