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ABSTRACT: The purpose of this article is to identify the perception of inhabitants of provincial capital cities in Poland regarding
smart solutions implemented in the area of the environment. The method used in the work was a diagnostic survey conducted
on a sample of 1,000 inhabitants of 16 cities. The study results demonstrated that inhabitants had a generally positive attitude
towards initiatives undertaken by cities in the area of smart environment, and the actions that received the highest rating were
the ones related to creating green areas. There is a statistically significant relationship between the assessment of environmen-
tal initiatives and a method of getting around a city, as declared by the respondents. These were rated highest by those using
public transport. The respondents declaring higher self-assessment of smart city knowledge rated city environmental initiatives
higher than those having poorer awareness. The study has several limitations: it encompassed only inhabitants of provincial
capital cities, and its results were based on subjective opinions that may differ from actual smart environment activities. The
results also strongly depend on local conditions, such as investments, media and local government's activity.
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Introduction

In recent years, cities in Poland and around the world have been facing the challenges of globali-
sation, technological changes and, above all, growing expectations of city inhabitants. Local authori-
ties strive to combine competitiveness and sustainability simultaneously and improve the quality of
life by implementing smart solutions in governing cities. Modern cities face many challenges, such as
an increasing number of inhabitants. According to the Department of Economics and Social Affairs of
the UN, in 2018, about 55% of the world’s population lived in urban areas, which accounted for 4.2
billion people living in cities. It is expected that this number will increase to 68% in 2050 (UN DESA,
2018). The statistics presented by the UN and the European Union underline the fact that the urban-
isation rate is growing faster in developing regions than in developed ones. Such changes in the num-
ber of people living in urban areas entail other problems and challenges for local governments, which
are related to ecology, congestion, housing, economy, culture, education and social conditions or the
engagement of inhabitants in governing cities. At the same time, city representatives need to imple-
ment new technology-based solutions in governing cities, which help them to manage cities and com-
municate with inhabitants and other stakeholders. This situation can be addressed by implementing
the smart city concept.

All over the world, decision-makers responsible for the development of smart cities are faced
with the need to reconcile sustainable development objectives with the implementation of innovative
technologies, while improving the quality of life and efficiency of public governance (Ban et al., 2022;
Caganova et al,, 2019). In doing so, it is crucial to adopt a perspective focused on citizens, who should
be the main beneficiaries of smart city projects (Georgiadis et al.,, 2021). Improving the quality of
urban services and experiences associated with using them is considered an overarching objective of
smart city initiatives (Neirotti et al.,, 2014; Vidiasova & Cronemberger, 2020). Leading theoretical
concepts have for years included the environment as one of the six pillars of a smart city (along with
an economy, mobility, quality of life, people and governance), which was proposed, for instance, by
the Vienna School (Giffinger et al., 2007), and further reinforced by ISO 37122 standards. This implies
that the essence of implementing smart solutions is not the technology itself, but the environmental
outcomes produced and their impact on the quality of inhabitants’ lives.

Despite the growing importance of the environmental dimension in smart city research, both in
Poland and abroad, there are no representative cross-sectional analyses covering inhabitants’ per-
ception. The literature published to date focuses mainly on case studies of cities, which limits the
ability to generalise conclusions. There are no comparative studies encompassing all of Poland’s pro-
vincial capital cities, which could take into consideration inhabitants’ assessment in the environmen-
tal area as a separate analytical construction.

Research conducted so far also shows that the very concept of “smart city” is poorly recognised
by inhabitants, while expectations about environmental effects are high. This discrepancy under-
scores the need for broader and more in-depth analyses, which will help identify, to a greater extent,
the relationship between inhabitants’ perception and the objective effects of urban policies. Incorpo-
rating hard environmental indicators (e.g. GIOS - Polish Chief Inspectorate for Environmental Protec-
tion, ISO 37122) and a longitudinal perspective into the research would allow for a more comprehen-
sive examination of the perception-performance gap and provide a more solid basis for shaping
public policies.

In light of the above considerations, this study aims to analyse the perception of inhabitants of
provincial capital cities in Poland regarding initiatives undertaken in the smart environment area.
Special attention was given to the following three research problems: RQ1. How do inhabitants assess
initiatives undertaken by the city in the smart environment area? RQ2. Are there statistically signifi-
cant differences between the assessment of initiatives undertaken by the city in the smart environ-
ment area and variables characterising city inhabitants? RQ3. Are there any correlations between the
assessment of initiatives undertaken by the city in the smart environment area and the variable
involving the level of self-assessment of smart city knowledge among inhabitants?

The method that was used in this study was a diagnostic survey conducted on a sample of 1,000
inhabitants of Poland’s all the province capital cities.

The article fills several research gaps identified in the literature on the concept of smart cities.
Firstly, despite the growing number of theoretical and empirical studies on smart cities, there is still
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a lack of cross-sectional research analysing individual dimensions of smart cities in a national context
- especially in Poland, where previous studies have been fragmentary and focused on individual
aspects, such as the economy or management. Secondly, this gap also has an international dimension
- most existing research focuses on large Western metropolises, while the analysis of smaller or
medium-sized cities in Central and Eastern Europe remains limited. By focusing on the “smart envi-
ronment” dimension, the authors of the article respond to the need to standardise and empirically
verify the indicators in this category in relation to the realities of Polish cities, while contributing to
the broader debate on the comparability of environmental indicators in international research.

An overview of the literature

Environmental dimension in the smart city concept

Over the years, numerous concepts of urban development and city government have been devel-
oped. The idea of a smart city is among the most popular ones, both for metropolises and smaller
cities. There are many definitions of smart cities and indicators which can be used to assess if a city
can be described as “intelligent or smart” (Ismagilovaa et al. 2019). We can observe a growing num-
ber of theoretical and practical publications on the analysis of the smart city concept itself and its
dimensions, as well as on various aspects of the functioning of a smart city (Zygiaris 2012; Albino et
al,, 2015; Komninos et al,, 2015; Bencke et al., 2020; Kaluarachchi, 2022; Gracias et al., 2023; Ulya et
al,, 2024), but it is highly underlined that the complex concept of smart city is related to the imple-
mentation of information and communication technologies (ICT) into city management (Zubizarreta
etal, 2015).

In the report! presented in 2007, Giffinger et al. (2007) indicated six main dimensions of a smart
city: smart economy, smart people, smart governance, smart mobility, smart environment and smart
living. According to the authors, a city can be described as “smart” when it performs well in these six
characteristics and is built on the ‘smart’ combination of endowments and activities of self-decisive,
independent and aware citizens. The authors presented factors and indicators which were analysed
in order to present a ranking of European medium-sized cities. This concept was broadened in 2012
by Cohen, who built a graphical model of smart city dimensions called “Smart Cities Wheel”, which
reflected a holistic smart city strategy (Cohen, 2012).

A smart city is also defined as a city that combines three types of cities - knowledge city, digital
city (cyber-city) and eco-city (Murray et al., 2011). As the authors indicated, a knowledge city focuses
on education, lifelong learning, personal growth, innovation and intellectual capital development. An
eco-city focuses on environmental sustainability and renewable energy sources.

In the literature, there are other concepts of modern cities which are associated with the idea of
smart city, such as a sustainable city, a connected city, a global city, an idea of urban resilience in a city
and a creative city (Sikora-Fernandez, 2019). Romao et al. (2017) analysed the determinants of urban
attractiveness and took into account such elements related to smart cities as creativity, economy, liv-
ability, accessibility and sustainability. Some authors claim that among the factors that determine a
smart city, one has to refer to e-participation (Vrabie & Tirziu, 2016).

According to Komninos (2015), a key function of such a city is setting smart environments that
enhance collaboration within the eco-systems of innovation, engaging innovators, enterprises, insti-
tutions, citizens and end-users. Neirotti et al. (2014) and Zygiaris (2012) noticed that different defi-
nitions of a smart city are mainly related to two areas, the strategies of implementing this idea into
the city development process and the dimensions of city management that are critical in this process.
The analysis revealed that two dimensions appear to be most often included in the smart city models
- people and governance, followed by economy and environment (Ulya et al., 2024; Nam & Pardo
2011).

In McKinsey report published in 2018 (Woetzel et al., 2018), smart cities are defined very briefly
- they put data and digital technology to work with a view to making better decisions and improving

1 First report was prepared and presented in 2007 by the team from three universities: Vienna University of
Technology, Delft University of Technology and University of Ljubljana, and it was continued over the years
with different partners. As a result, four reports are available online under the following address: http://
www.smart-cities.eu/ (from 2007, 2013, 2014 and 2015 for larger European cities).
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the quality of life. Behind the idea of smart cities, there is an assumption that implementing technol-
ogy facilitates city governance, and there are many benefits for inhabitants and other entities (Nei-
rotti et al., 2014; Zawieska & Pieriegud, 2018; Kaluarachchi, 2022; Ferrari et al., 2023; Sharifi et al,,
2024; Zaman et al,, 2024).

The authors of the paper focused their research on the smart environment dimension, which is
described in the literature by different actions, areas or indicators. In general, a smart environment
means implementing technology to improve the key aspects of the functioning of a city, such as waste
disposal, food growth, pollution control, smart electric grids, housing quality and facility manage-
ment (Appioa et al, 2019). In the concept of six dimensions of a smart city, according to Giffinger et al.
(2007), a smart environment relates to natural resources and includes: attractiveness of natural con-
ditions, pollution, environmental protection, and sustainable resource management (Giffinger et al.,
2007; Giffinger & Gudrun, 2010). According to Vasudavan et al. (2019), a smart environment is char-
acterised by sustainability (the efficient utilisation of natural resources and generation of renewable
energy), livability (providing inhabitants with eco-friendly space and controlling air pollution), tech-
nology (monitoring pollution index and ICT enabled grids), governance (providing urban services to
improve water and air quality) and urban aspects (creating urban services of street lighting and traf-
fic management). Cohen (2012) indicated smart buildings, resource management and urban plan-
ning as the key actions and indicators for a smart environment, however, this concept was then
slightly changed by the author to green urban planning, green energy and green buildings (Cohen,
2018). A more detailed classification of the indicators of the environmental dimension consists of
energy, water, land, biodiversity, sanitation, waste management and pollution (Bhattacharya et al,,
2020). In the IESE Cities in Motion Index, the following elements are analysed in the section related
to a smart environment: promotion of environmental sustainability through anti-pollution strategies,
green buildings and clean energy, water and waste management (including renewable water
resources) and taking actions to reduce the impact of climate change and build city resilience (Ber-
rone et al,, 2024).

The perception of smart city initiatives as an important research area

The 21st century is considered the “Century of Cities”. It is expected that by the end of this cen-
tury, more than 80% of the global population will live in urban areas (Georgiadis et al., 2021). At the
same time, cities are becoming a major source of global challenges such as rapid urbanisation, dwin-
dling resources and climate change. In response to these problems, a concept of sustainable urban
development emerged, which, being encapsulated in the idea of “Smart City”, shapes contemporary
urban planning (Georgiadis et al., 2021).

Although citizens’ perspectives and opinions are theoretically considered crucial in the develop-
ment of smart cities, in practice, they often remain marginalised in the top-down process of imple-
menting smart city solutions. Consequently, what is designed and implemented clashes with the
actual needs of local communities. Therefore, studies investigating inhabitants’ perceptions of smart
city initiatives play a fundamental role, enabling us to assess the degree to which these solutions are
actually inclusive and in line with end-user expectations (Vidiasova & Cronemberger, 2020).

As Wirtz et al. (2022) point out, until very recently, research into smart city development has
mainly focused on analysing technological aspects. Whereas nowadays, a growing number of publica-
tions point to the need for more citizen-oriented research (Joss et al., 2017; Shelton & Lodato, 2019;
Calzada et al.,, 2023). The trend in research into smart cities, oriented on technology, has been com-
plemented by a citizen-oriented trend (Wirtz et al., 2022) which emphasises the need for technolog-
ical adaptation and social acceptance and involvement with regard to smart city services among var-
ious stakeholder groups (Angelidou, 2015).

Citizen participation is a key element and often a catalyst for the desired outcomes of smart city
development (Vidiasova & Cronemberger, 2020; ). A high level of participation in decision-making
processes promotes a better understanding of the benefits and positive effects generated by smart
city initiatives (Georgiadis et al.,, 2021). Achieving the long-lasting success of smart city projects
requires considering multifaceted needs, expectations and preferences of citizens comprehensively
(Wirtz et al,, 2022). One can consider the implementation of smart city initiatives to be successful
when technologies actually improve the quality of life of individual inhabitants and enhance the
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well-being of the entire urban community, making the process an undertaking that has the character-
istics of social transformation (Wijayasinghe & Sachitra, 2025).

There are relatively few empirical studies that focus on citizens’ perceptions of individual smart
city solutions, which is due to the fact that the field of research is still developing (Wirtz et al., 2022).
Whereas existing scarce research confirms that the needs of citizens are not sufficiently taken into
account by entities responsible for city governance when implementing smart initiatives (Fernan-
dez-Anez et al., 2018; Cheng et al., 2024). There is also a lack of scientific research results specifying
in detail how to properly set priorities in the process of smart city development, while taking into
account the needs and preferences of citizens (Ban et al., 2022). Literature clearly lacks in-depth
knowledge and a full understanding of the factors shaping the manner in which smart city solutions
are perceived (Yigitcanlar et al.,, 2020). Furthermore, while numerous studies analysed the impact of
smart city policies on the objective outcomes of city development, the consequences of such policies
for citizens’ subjective perceptions have been relatively poorly examined - despite the fact that they
play a key role in shaping social behaviour and creating public policies (Cheng et al., 2024; Ban et al,,
2022).

A review of research and findings on smart initiatives in the area of the natural environment

The “smart city” concept has gained a prominent place in academic literature and urban policy
over the past two decades, with the environmental dimension being more and more clearly empha-
sised in addition to digital technologies. Modern definitions, developed, among others, by the Vienna
School (Giffinger et al., 2007) and legitimised in ISO 37122 standards, treat the ,smart environment”
as one of the six pillars of a smart city (Cohen, 2012). This translates into increased interest among
researchers and decision-makers in both technological implementations and their social perception.

Previous analyses, however, indicate a clear asymmetry between a rich conceptual framework
and performance indicators, on the one hand, and a relatively scarce empirical body of works on
inhabitants’ opinions, on the other hand (Jonek-Kowalska & Kazimierczak, 2019; Kuzior et al, 2025).
It is public perception - understood as inhabitants’ ability to identify, value and associate specific
solutions with the “smart” label - that is an important missing element in the complete picture of
smart cities.

One of the few representative studies on the perception of smart cities in Poland was a study
conducted in Zabrze between 2022 and 2023 (Manka-Szulik et al., 2023; Kuzior, 2024). The results
revealed a paradox: the vast majority of respondents were unable to give specific examples of “smart”
solutions, despite the fact that tasks related to environmental protection, such as the development of
urban green areas, waste management or improving the “ecological situation of the city” were ranked
equally high. This means that, although inhabitants expect environmental effects, they do not identify
them with the “smart city” brand.

The study provides important evidence of a communication gap between what members of the
institutions say and what inhabitants experience. The findings suggest that in local discourse, the
term “smart” is recognised poorly, and public support for environmentally friendly actions does not
automatically translate into increased awareness of smart solutions.

Another relevant case study was conducted in Krakéw among students (Firszt & Jablonski, 2023).
Respondents assessed each of the “smart city” pillars, however, the one that was ranked lowest was
that concerning the smart environment. While the overall assessment of the city’s progress on smart
solutions was moderately positive, the environmental aspect appeared particularly deficient.

This result confirms the apparent discrepancy between the official narrative about the city’s
“green intelligence” and the subjective perceptions of inhabitants. It can be interpreted as a signal
that younger, more critical social groups are particularly sensitive to the lack of measurable environ-
mental effects, despite a large number of projects communicated as “smart” (Masik et al., 2021).

International literature provides similar observations. Studies in Western European countries
indicate that the term “smart city” is often perceived by inhabitants as abstract or technocratic, while
public expectations focus on the quality of life, clean environment or better mobility (Lytras et al,,
2019; Sharifi et al., 2024; Zaman et al., 2024). Analyses performed in Italy and Spain show that it is
the environmental pillar - along with mobility - that is the area of the greatest tension between
authorities’ strategy and citizens’ perception (Trencher, 2019). Whereas research carried out in Asian
countries (e.g. South Korea, Singapore) reveals greater consistency between technological projects
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and recognisability of the smart city concept, which partially follows from intensive communication
and education policies (Hartley, 2023). This demonstrates that inhabitants’ perception may strongly
depend not only on real environmental effects, but also on how they are labelled and disseminated in
the public debate.

A literature analysis demonstrated several key limitations. First of all, the majority of case studies
are often limited to single cities or narrow groups of city stakeholders (e.g. students), making it diffi-
cult to generalise results. Second, there is no operationalisation of the concept of “smart environment
perception” as a distinct, measurable construction. The environment is sometimes implicitly included
in broader studies on the city’s image, but not as a stand-alone dimension. Third, the triangulation of
perception with objective environmental indicators, such as air quality, the availability of green areas
or climate adaptation, remains underdeveloped. To bridge this gap, we analyse the citizens’ percep-
tion of smart solutions/projects implemented in the area of the natural environment in the provincial
capital cities in Poland.

Research methods

Achieving the objective set for the study, i.e. to identify the perception of citizens of provincial
capital cities in Poland regarding smart initiatives implemented in the area of natural environment,
was possible by analysing empirical material obtained through the implementation of a quantitative
study in the form of a diagnostic survey.

The diagnostic survey was outsourced to a professional third-party company, which carried out
the study using the CAWI technique at the www.badanie-opinii.pl panel between 30 April and 22 May
2025 on a sample of 1,000 inhabitants of 16 cities that are provincial capitals in Poland?. Including
citizens of province capital cities in the study was driven by the fact that the local governments of
these particular largest centres are most focused on implementing smart city initiatives (Tomasze-
wska & Glinska, 2024).

The study employed stratified random sampling, meaning that it was based on a proportional
stratified random sampling scheme. Stratified random sampling has been found to be more effective
than a simple random sampling scheme, as it allows for conducting a study that is representative of
the entire community (Babbie, 2005). The fact of living in one of Poland’s 16 provincial capital cities
by a respondent was considered a stratum.

The survey encompassed three stages and was conducted while following in full the below meth-
odological course of action: (1) preparing and testing the application based on a survey question-
naire provided on a research portal, (2) carrying out the proper study, (3) study control. Experienced
employees of a third-party company were delegated to control how the study was carried out. The
control entailed the monitoring of the study progress, as well as the correctness of the research pro-
cedure and the data collection process. After the study had been completed, the database was con-
trolled, among other things, to check whether the questionnaires had been completely filled in and to
eliminate the survey forms completed in an extremely short period of time.

A standardised survey questionnaire entitled “Smart city in the opinion of inhabitants of prov-
ince centres” was used in the survey as a research tool. This publication relied on respondents’
answers to questions about the assessment of one of the smart city dimensions, that is to say - smart
environment. This is one of the basic dimensions of a smart city that appears in the works of many
authors. The type of indicators, their number and diversity taken into account in assessing the degree
of the development of smart environment areas in cities vary depending on the authors and the scope
of their research, which points to the complexity of this dimension and difficulties related to the
definition of its universal description (Giffinger et al., 2007; Vasudavan et al., 2019; Bhattacharya et
al,, 2020; Berrone et al.,, 2024).

Before carrying out the survey, the following research problems were formulated:

RQ1. How do inhabitants assess initiatives undertaken by the city in the smart environment area?

2 Inthe case of Kujawsko-Pomorskie Province and Lubuskie Province, where two cities of these regions serve
as province capitals, the study covered the inhabitants of those cities in which the seat of their local govern-
ment bodies are located, i.e. Torun and Zielona Géra.
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RQ2. Are there statistically significant differences between the assessment of initiatives undertaken
by the city in the smart environment area and the variables characterising city inhabitants?

RQ3. Is there any correlation between the assessment of initiatives undertaken by the city in the
smart environment area and the variable involving the level of self-assessment of smart city
knowledge among inhabitants?

The proposed conceptual framework assumes that perception of the smart city idea, self-as-
sessed knowledge of smart city solutions, and residents’ mobility patterns act as independent varia-
bles influencing the evaluation of the city’s initiatives in the smart environment area. It is assumed
that a more positive perception of the smart city concept, a higher level of knowledge, and environ-
mentally friendly mobility behaviours contribute to more favourable evaluations of the environmen-
tal actions undertaken by city authorities.

The proposed conceptual framework guided the formulation of research hypotheses and reflects
the assumed relationships between the examined variables:

H1. Inhabitants generally assess initiatives undertaken by cities in the smart environment area posi-
tively.

H2. The way inhabitants move around the city significantly influences their assessment of the city’s
initiatives in the smart environment area.

H3. The self-assessment of smart city knowledge has a positive impact on the assessment of the city’s
initiatives in the smart environment area.

The choice of the smart environment dimension was prompted by the observations of other
researchers who noted a discrepancy between perception and implementation practice in smart cit-
ies, specifically in the environmental dimension. Although the cities which are perceived as smart
focus most of their initiatives on aspects related to sustainable development, environmental protec-
tion and energy efficiency (which is in line with European climate priorities) - they do not meet all of
their citizens’ expectations pertaining to a smart city (Fernandez-Anez et al., 2018). Research made
by Fondazione Giangiacomo Feltrinelli (2021) also found that the environmental dimension - along
with mobility - is the area of greatest tension between authorities’ strategy and citizens’ perception.
Yet another study showed that the smart environment dimension received the lowest rating from
inhabitants as regards cities’ progress on smart solutions (Firszt & Jablonski, 2023).

The respondents were asked to evaluate smart environment initiatives undertaken by a city. A
seven-point Likert scale was used for both questions (Tarka, 2015). The actions that were assessed
by the respondents in the area of smart environment were chosen by the authors based on studies:
Ghanbari et al. (2024), Gotlibowska (2018) and Mulyadi et al. (2022), and included the following:
utilisation of renewable energy sources (RES), reducing energy consumption, e.g. in buildings; mon-
itoring and reduction of air and water pollution; creating green areas, i.e. parks, gardens, green roofs;
handling of noise levels, environmental education of inhabitants, as well as designing city space in
compliance with sustainable development principles. The survey questionnaire incorporated those
indicators of the smart environment dimension that are identifiable and assessable from the city
citizen’s point of view.

The material obtained from the research conducted was subjected to a statistical analysis. The
non-parametric Kruskal-Wallis test was employed in the analysis. It is used to compare three or more
samples, is based on ranks and can be used when the variable under consideration is expressed on at
least an ordinal scale (Stanisz, 2006). The analyses also used the Spearman rank correlation test and
the Mann-Whitney U Test, which is a non-parametric test that enables the comparison of two inde-
pendent samples (Kanji, 2006; Hinton, 2010). The statistical calculations were carried out using the
Statistica 13 package.

The study covered 1,000 people living, studying or working in Poland’s provincial capital cities.
Women accounted for a slightly larger share of the sample, making up 54% of those surveyed. The
largest percentage of respondents was people over 64 (26%), and the second largest group was com-
prised of those aged between 35 and 44 (21%). Respondents aged between 18 and 24 were the least
numerous group - they accounted for 7% of the study sample. The mean and median age of the
respondents was 48. The biggest percentage of respondents were Warsaw inhabitants (25%),
whereas one in ten respondents came from Krakéw. The sampling reflected the number of inhabit-
ants of the cities covered by the study, hence, the smallest province capital cities - Torun, Kielce and
Rzeszow (3% of respondents) and Zielona Géra, Opole and Olsztyn (2%) had the smallest representa-

DOI: 10.34659/€is.2025.94.3.1292



ECONOMICS AND ENVIRONMENT 3(94) = 2025

tion. As many as 89% lived in a provincial capital city as a permanent resident and worked or studied
there. Of all respondents, 5% lived in a provincial capital city as permanent residents but worked or
studied outside the city, and another 7% studied or worked in a provincial capital city but did not live
there as permanent residents. Those with higher education constituted by far the highest percentage
of respondents - 60% of those surveyed, with 38% of those admitting to having secondary education.
Given the method of moving around the city, most people - 64% - answered that they were using
public transport (while 37% used means of private transport). Table 1 shows detailed characteristics

of the study sample.

Table 1. Characteristics of respondents

Gender
Women
Men
Other

| do not want to reveal

Age - ranges

18 - 24 years old
25 - 34 years old
35 - 44 years old
45 - b4 years old
55 - 64 years old
QOver 64 years old

Place of residence
Katowice
Cracow
Torun
Warsaw
Szczecin
Lodz
Wroclaw
Lublin
Zielona Gora
Kielce

Opole
Olsztyn
Bialystok
Gdansk
Rzeszow
Poznan

Which of the following statements do describe your current situation:

| live as a permanent resident in a province capital city and work/attend to school/study here

| live as a permanent resident in a province capital city but work/attend to school/study outside the city
| attend to school/study/work in a province capital city but | don't live in the city

Education

Primary school graduate

Junior secondary school (gimnazjum) graduate
Secondary school graduate

Higher education institution graduate

The main way of getting around the city
Public transport (bus, tram, train)

Private transport
On foot

Number

538
459
1
2

66
167
209
166
130
262

38
110
27
254
53
89
92
45
19
25
17
23
40
67
27
74

889
46
65

13

377
602

604
374
22

%

54%
46%
0%
0%

7%

17%
21%
17%
13%
26%

4%
11%
3%
25%
5%
9%
9%
5%
2%
3%
2%
2%
4%
7%
3%
7%

89%
5%
7%

1%
1%
38%
60%

60%
37%
2%
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Number %

Self-assessment of smart city knowledge (1 - very low, 7 - very high; N=581)

1 12 2%
2 32 6%
3 98 17%
4 174 30%
5 175 30%
6 60 10%
7 30 5%

The analysis also takes into consideration a variable pertaining to the self-assessment of knowl-
edge of what a smart city is. The respondents who stated that they had knowledge of what a smart
city was (58% of residents of the cities covered by the study) were asked to indicate how they assessed
their level of knowledge in this regard. A seven-point Likert scale was used, where 1 meant a very low
level of knowledge and 7 meant a very high level. The average self-assessment score for the level of
knowledge was 4.32. Most residents rated their knowledge at 5 points.

Results of the research

As for RQ1, the respondents were asked to rate seven smart environment initiatives implemented
by provincial capital cities on a scale of 1 to 7, where 1 meant a strongly negative rating and 7 meant
a strongly positive rating. The number of people (N) evaluating individual actions varied, as the anal-
ysis did not include those who had no opinion on the topic. The study results showed that the
respondents assigned the highest rating to green areas created by cities, such as parks, gardens, green
roofs (average score: 5.10), monitoring and reducing environmental pollution, including water and
air pollution (4.68), and designing city space in compliance with sustainable development principles
(4.54). The lowest rating was given to the handling of noise levels in cities (4.32), with the coefficient
of variation ranging from 30% to 37%, hence, the respondents’ answers were at a similar level of
variation. Table 2 contains a summary of the most important descriptive statistics.

Basic descriptive statistics for the assessment of smart environment initiatives undertaken by a city

N X Me Mo NMo o Vz S F
Utilisation of renewable energy sources (RES) 880 4.51 4 4 261 1.43 32% P -0
Reducing energy consumption, e.g. in buildings 900 4.51 5 5 246 1.46 32% L -0.30
Monitoring and reducing air, water pollution, etc. 921 4.68 5 5 256 1.54 33% L -0.14
Creating green areas, i.e. parks, gardens, green roofs, etc. 971 5.10 5 5 268 1.51 30% P 0.02
Handling of noise levels 937 4.32 4 4 266 1.59 37% P -0.43
Environmental education of inhabitants 926 4.44 4 4 259 1.46 33% P -0.32
Designing city space in compliance with sustainable develop- 931 454 5 5 230 166 37% L 049

ment principles

*N - number of observations, x — sample mean, Me — median, Mo — modal value, NMo — number of mode, o - standard deviation,
Vz- coefficient of variation, S — skewness, K - kurtosis

To find an answer to RQ2. Are there statistically significant differences between the assessment
of initiatives undertaken by the city in the smart environment area and the variables characterising
city inhabitants? - a non-parametric Mann-Whitney U test and an Anova Kruskal-Wallis test were
carried out (Table 3).
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Assessment of smart environment initiatives vs gender, age, city of residence and means of transport
used by respondents in a city — results of Mann-Whitney U test and Anova Kruskal-Wallis test

Transport used

Smart environment initiatives Gender Age re(;ii:i):az]::e to get ar_ound Education
the city
Utilisation of renewable energy sources (RES) 0.015% 0.387 0.901 0.004#** 0.171
Reducing energy consumption, e.g. in buildings 0.004*  0.779 0.711 0.020* 0.135
Monitoring and reducing air, water pollution, etc. 0.210 0.850 0.685 0.004** 0.285
Creating green areas, i.e. parks, gardens, green roofs, etc. 0.097 0.515 0.239 0.021* 0.174
Handling of noise levels 0115  0.006**  0.182 0.046* 0.074
Environmental education of inhabitants 0.015* 0.535 0.673 0.005** 0.147
Designing city space acc. to sustainable development principles = 0.262 0.628 0.026* 0.002** 0.343

Statistically significant correlations referred to gender, age, place of residence and the method of
moving around the city and the assessment of selected initiatives. Education did not affect the evalu-
ation of the listed initiatives.

The variable relating to the respondents’ gender differentiated the assessment of three smart
environment initiatives: Utilisation of renewable energy sources (RES) p<a (p=0.015), reducing
energy consumption, e.g. in buildings, p<a (p=0.004) and environmental education of inhabitants. In
all assessments, men rated individual actions significantly higher, with average scores of: 4.64; 4.65;
4.58, respectively. The variable pertaining to age had an impact only on the rating of handling of noise
levels p<a (p=0.006), with the youngest respondents, aged 18-24 years old, giving the lowest rating
for handling of noise levels (the mean value of 3.61) and the oldest ones, aged over 64 years old,
assigning the highest rating (the mean value of 4.51). The variable “place of residence” was related to
the assessment of the initiative associated with designing city space in compliance with sustainable
development p<a (p=0.026). This area was given the highest rating by inhabitants of Torun (5.12),
Opole and Zielona Gdra (4.94). The lowest rating was assigned by inhabitants of Krakéw (3.96) and
Poznan (4.25).

An analysis of the results proved that the variable taking into account the type of transport used
by the respondents to get around a city influenced the assessment of all smart environment initia-
tives, in each case p<a. The highest rating for all initiatives was assigned by people using public trans-
port, while the lowest rating was given by people moving around a city on foot. Furthermore, the
ratings given by respondents walking on foot in a city turned out to be much more diversified (Figure 1).

In each of the groups, creating green areas, i.e. parks, gardens, green roofs, earned the highest
rating. Of all areas, the lowest rating was received in each group by the environmental education of
inhabitants.

To find an answer to the research question RQ3. Are there any correlations between the assess-
ment of initiatives undertaken by the city in the smart environment area and the variables involving
the level of self-assessment of smart city knowledge among inhabitants, the Spearman’s Rank test
was performed.

The self-assessment of smart city knowledge was related to the assessment of all areas concern-
ing a smart environment. In each case, p<a. The strongest correlation was between the self-assess-
ment of smart city knowledge and the assessment of reducing energy consumption, e.g. in buildings,
in which case the correlation coefficient was 0.31. The higher the respondent’s self-assessment of
knowledge, the higher the rating of the initiative related to reducing energy consumption, e.g. in
buildings (Table 4).
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Figure 1. Assessment of individual initiatives by type of transport used

Table 4. The assessment of individual areas vs. having Smart City knowledge and the self-assessment of Smart

City knowledge - results of the Mann-Whitney U test and correlation analysis

Self-assessment of Smart City

knowledge
R p
Utilisation of renewable energy sources (RES) 0.30 0.000
Reducing energy consumption, e.g. in buildings 0.31 0.000
Monitoring and reducing air, water pollution 0.30 0.000
Creating green areas 0.18 0.000
Handling of noise levels 0.30 0.000
Environmental education of inhabitants 0.30 0.000
Designing city space acc. to sustainable development principles 0.27 0.000

Discusion

11

The study results indicate that inhabitants generally have a positive attitude towards the initia-
tives undertaken by cities in the area of smart environment, which means that hypothesis H1 has
been verified positively. The highest ratings were given to the actions related to creating green areas
(the mean value of 5.10), which is consistent with previous studies emphasising the importance of
environmental quality to the quality of life and in line with the results released by Lytras et al. (2019)
and Georgiadis et al. (2021), as well as Ban et al. ( 2023). The initiatives related to monitoring and
reducing pollution (the mean value of 4.68) and designing space in compliance with sustainable
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development principles (the mean value of 4.54) were rated slightly lower, while those associated
with reducing noise scored the lowest rating (the mean value of 4.32), which corroborates the earlier
findings that this issue was perceived by inhabitants as less important (Firszt & Jablonski, 2023). The
results imply that inhabitants give top ratings for the actions that produce tangible and directly con-
spicuous effects.

Statistical analyses also allowed for the positive verification of hypothesis H2, showing signifi-
cant correlations between the assessment of environmental initiatives and the manner of getting
around a city, as stated by the respondents. The highest rating was given to them by those using
public transport, which is consistent with the results of previous research exhibiting the relationship
between public mobility and environmentally friendly attitudes, as in the research performed by
Neirotti etal. (2014); Vasudavan et al. (2019). Whereas the lowest rating was assigned by those going
on foot, which can be interpreted as the effect of a mismatch between “smart” solutions and what was
experienced by these people on a day-to-day basis.

The respondents declaring higher self-assessment of smart city knowledge rated city environ-
mental initiatives higher than those having poorer awareness. The strongest correlation was observed
for the actions related to reducing energy consumption in buildings (p = 0.31). This result is consis-
tent with previous research demonstrating that knowing and being familiar with smart city ideas
foster the positive perception of environment-related actions (Vidiasova & Cronemberger, 2020;
Cheng et al,, 2024). To sum up, the present study has positively verified all three hypotheses (Table 5).

Verification of hypotheses

H1. Inhabitants generally assess initiatives undertaken by cities in the smart The hypothesis has been verified
environment area positively. positively.
H2. The way inhabitants move around the city significantly influences their assessment | The hypothesis has been verified
of the city's initiatives in the smart environment area. positively.
H3. The self-assessment of smart city knowledge has a positive effect The hypothesis has been verified
on the assessment of initiatives undertaken by a city in the smart environment area. positively.

Conclusions

As already mentioned in the introduction, despite the growing importance of the environmental
dimension in smart city research, there is a lack of representative cross-sectional analyses covering
inhabitants’ perception of environmental initiatives. This article fills that gap.

The results of studies carried out for this work showed that inhabitants of provincial capital cities
had a positive attitude to the initiatives in the area of smart environment, undertaken by municipal
governments, and the perception of these actions depends on both mobility practices and the level of
knowledge of the smart city concept. People using public transport and those who claimed to have
knowledge of smart city concepts gave obviously higher ratings for the municipal government’s initi-
atives in the area of smart environment.

This study contributes to the smart city management literature by emphasising the importance
of social factors in the assessment of municipal initiatives. The findings indicate that the positive
perception of actions within the smart environment domain is conditioned both by inhabitants’
everyday mobility practices and the level of their knowledge about the smart city concept. In doing
so, the study advances existing research, which predominantly focused on technological and infra-
structural aspects of smart cities by highlighting the crucial role of social awareness and education in
shaping the acceptance of local government activities. Moreover, the results underscore the impor-
tance of using public transport as a factor fostering favourable assessment of smart environment
initiatives, thus complementing prior work on the relationship between mobility practices and the
perception of urban innovations. Overall, the findings suggest that effective smart city management
requires not only investments in new technologies but also the development of inhabitants’ knowl-
edge and engagement, which ultimately determine the success of implemented solutions.

From a practical perspective, the results indicate that local governments should invest not only in
the development of infrastructure but also in education and communication activities, raising public
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awareness of the benefits provided by the smart city concept. Of particular importance here is the
development of public transport, which is not only a pillar of sustainable mobility but also strength-
ens inhabitants’ acceptance of other pro-environmental initiatives. Finally, the implication is that
there is a need for participatory forms of management that allow inhabitants to be involved in the
process of designing and implementing solutions, which makes them more effective and long-lasting,
as well as fosters the awareness of ongoing initiatives. In conclusion, it is recommended to develop
information campaigns, implement interactive city applications, and expand participatory budgets to
include an environmental component.

The studies conducted for this work have several limitations. The diagnostic survey covered only
inhabitants of provincial capital cities, which limits the possibility of generalising the results so as to
include also those living in smaller urban centres. The results obtained are based on the respondents’
subjective assessments, which may differ from the actual state of smart environment actions and
effects. The present study identified inhabitants’ opinions, which may differ from actual actions and
their effectiveness (the gap between policy and perception). It should also be highlighted that the
results obtained may be strongly determined by local conditions in individual cities (e.g. current
investments, local media, local government’s activity).

Further research should focus on triangulating public perception with objective environmental
indicators and an analysis of the impact exerted by European policies (e.g. the “100 climate-neutral
and smart cities” mission) on the way local initiatives are perceived.
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POSTRZEGANIE INTELIGENTNYCH INICJATYW REALIZOWANYCH W OBSZARZE
SRODOWISKA NATURALNEGO PRZEZ MIESZKANCOW MIAST WOJEWODZKICH
W POLSCE

STRESZCZENIE: Celem artykutu jest poznanie opinii mieszkaicéw miast wojewddzkich w Polsce na temat inteligentnych
rozwigzan wdrazanych w zakresie ochrony $rodowiska. Metodg wykorzystang w opracowaniu byt sondaz diagnostyczny prze-
prowadzony na prébie 1000 mieszkaficdw szesnastu miast. Wyniki badan dowiodty, ze mieszkaricy generalnie pozytywnie oce-
niajg inicjatywy podejmowane przez miasta w obszarze inteligentnego Srodowiska, a najwyzsze noty uzyskaty dziatania
zwigzane z tworzeniem terendw zielonych. Istnieje statystycznie istotny zwigzek pomiedzy oceng inicjatyw Srodowiskowych
a sposobem poruszania sie po miescie deklarowanym przez respondentéw. Najwyzej oceniali je uzytkownicy transportu publicz-
nego. Respondenci deklarujgcy wyzszg samoocene wiedzy na temat inteligentnych miast wyzej oceniaj inicjatywy miasta
w obszarze Srodowiska niz osoby o mniejszej $wiadomosci. Badania cechuje kilka ograniczen: obejmowaty one wytacznie
mieszkaficdw miast wojewddzkich, a jego wyniki oparto na subiektywnych opiniach, ktére moga odbiega¢ od faktycznych dzia-
tar w obszarze smart environment. Rezultaty sg tez silnie zalezne od lokalnych uwarunkowar, jak inwestycje, media czy aktyw-
nosci samorzadu.

StOWA KLUCZOWE: percepcja, smart Srodowsko, inicjatywy smart, smart city
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