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Abstract
To optimize the everyday functioning of a city, urban authorities can implement smart city tools and solutions. 
Mobility is a typical field associated with the concept of a smart city. It is interesting to take a closer look at 
the solutions applied through the information accessible on the official websites, while exploring, at the same 
time, the possibilities offered by new research tools. The main objective of this work is to establish the sig-
nificance of the information and communication technologies (ICT) in the process of creating smart mobility 
in a smart city, based on the texts posted on official websites. Using the natural language processing (NLP) 
methods and tools offered by the CLARIN.EU infrastructure, we verified dominant connotations with the mo-
bility in the cities recognized as smart. The cities sample is the extract from the existing smart city rankings. 
To fulfil our goal, we searched for an answer to the question: What information about ICT solutions is posted 
on the websites of the studied cities and in what thematic contexts are they used? We looked for the results of 
the smart city rankings, referring to the official websites of the selected cities (a random selection from a total 
of 174 cities). The results show that mobility forms a distinct topic in smart cities communication, covering 
various kinds of transport solutions and systems, with a strong focus on the project side of this activity. The 
results are the part of the research “The smart city 4.0 maturity model,” conducted at the Department of Mar-
keting and Logistics UO.

Introduction

The concept of a smart city was created as 
a response to the challenges of modern cities. Among 
others, this relates to the constantly growing number 
that populate cities, the urbanization processes, and 
the congestion. These phenomena cause enormous 
management problems and pose challenges for the 
transformation of urban life. The modernization of 
the cities’ functioning methods entails the neces-
sity to implement innovative solutions, based on 
digital technologies, and a cooperation between all 

stakeholder groups. Thanks to new solutions sup-
ported by the information and communication tech-
nologies (ICT) tools, city planners and authorities 
strive to improve the functioning of the city in vari-
ous areas, such as mobility, resources management, 
crime prevention, energy, health, and education. 

The combination of the real and virtual worlds 
(Kagermann, 2014; Hermann, Pentek & Otto, 2016) 
results in the emergence of a new model of urbaniza-
tion and smart city development. The technologies, 
such as big data, the internet of things, cloud com-
puting, and cyber-physical system, clear the way 
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not only for the technological transformation of the 
city, but also for changing the lives of its inhabitants 
(Kupriyanovsky et al., 2016). Additionally, intelli-
gent sensors and big data analysis enable real-time 
control. Thus, they support the smart city vision, 
which uses the most advanced ICT to provide val-
ue-added services for the city administration and its 
citizens (Zanella et al., 2014). 

ICT transforms the smart city into an open inno-
vation platform (Hernández-Muñoz et al., 2011), 
based on a ubiquitous network of sensors that meet 
the requirements of open, affiliated, and trusted plat-
forms. In a smart city, economic growth is supported 
by information and communication technologies, 
which not only improve the city management, but 
also (and perhaps above all) stimulate social par-
ticipation and the idea of sharing (Kitchin, 2015). 
In a smart city of this form, technologies serve peo-
ple, providing them with comfort and safety, and 
improving the quality of life. However, it should 
be made clear that although technological solutions 
undoubtedly make life easier, when considered in 
isolation from the social context, they do not fulfil 
their role. With the above issues in mind, the aim of 
this article is to analyze the ways in which the cit-
ies can communicate, through their official websites, 
and the scope and areas of ICT application to their 
residents, which support not only the development 
of a smart city, but most of all the development of 
smart mobility.

Literature review – smart city in the context 
of the ICT solution

The concept of a ‘smart city’ is becoming increas-
ingly more popular, which leads to different ways 
of defining it. An analysis of the literature enables 
a distinction between two main definitional trends: 
(1) a city functioning on the basis of the ICT tech-
nologies (Hollands 2008; Komninos, 2008) and (2) 
a new paradigm in the city development, in which 
the human and social capital, education, and the nat-
ural environment play a key role (Giffinger et al., 
2007; Caragliu, Del Bo & Nijkamp, 2011; Lombardi 
et al. 2012; Neirotti et al., 2014). The technological 
trend of a smart city is reflected, inter alia, in the 
definition of Bakici, Almirall, and Wareham (2013), 
who perceive a “smart city as a high-tech intensive 
and advanced city that connects people, information 
and city elements using new technologies in order 
to create a sustainable, greener city, competitive and 
innovative commerce, and an increased life quality”. 
IBM defines a smart city in a similar way, i.e. “A city 

is an interconnected system of systems. A dynamic 
work in progress, with progress as its watchword. 
A tripod [infrastructure, operations, people] that 
relies on strong support for and among each of its 
pillars, to become a smarter city for all” (Muller-
Seit, Seiter & Wenz, 2016, p. 4). This definition indi-
cates three key features of a smart city: (1) instru-
mentation, i.e. the presence of ICT solutions in the 
city (sensors and mobile devices); (2) connectivity, 
i.e. the availability of connections between the real 
and the virtual world by means of instrumentation; 
and (3) intelligence, meaning the ability to use new 
technologies in the process of the city development 
(Harrison et al., 2010).

The proponents of this approach claim that cities 
stand on the brink of a revolutionary breakthrough 
and will become dream cities. Every sphere of life 
will be digitized; applications, algorithms, and arti-
ficial intelligence will reduce congestion, prevent 
crime, and create free public services (Giffinger et 
al., 2007). However, will it really be so, or is the 
reconfiguration of the city to technological prob-
lems enough to make people feel good in the city? 
Probably not. Reconstructing the foundations of 
urban life, and managing the city from the techno-
logical perspective only, will lead to the cities being 
superficially intelligent and deeply full of injustice 
and inequality. Therefore, in the local government 
practice and in research discourse, the second trend 
of understanding the smart city is increasingly more 
often dominant, which transverse far beyond its 
technocratic perception. From this perspective, tech-
nological solutions only support the smart city, but 
thanks to them, it is easier to assemble information 
and a political vision into a coherent program for the 
improvement of the city and its services. 

New technologies are an instrument for creating 
cities that are able to connect physical and social 
capital, provide improved services, and create infra-
structure at a very high level of quality. This approach 
is reflected in the definitions of Caragliu, Del Bo, 
and Nijkamp (2011), who wrote the following: 
“We believe a city to be smart when investments in 
human and social capital and traditional (transport) 
and modern (ICT) communication infrastructure 
fuel sustainable economic growth and a high quality 
of life, with a wise management of natural resourc-
es, through participatory governance” This trend is 
also followed by Komninos (2008), who assumes 
smart cities to be the “territories with high capaci-
ty for learning and innovation, which is built-in the 
creativity of their population, their institutions of 
knowledge creation, and their digital infrastructure 
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for communication and knowledge management”. 
A broader overview of the definition of a smart city 
has been described by Albino, Berardi, and Dangeli-
co (Albino, Berardi & Dangelico, 2015).

A modern smart city is a concept that listens to 
the needs of its residents and naturally adapts to 
them. Technologies functioning in the city serve peo-
ple by providing them with comfort and safety and 
increasing their quality of life. Nevertheless, as men-
tioned above, we know that technological solutions 
undoubtedly make life easier; however, when con-
sidered in isolation from the social context, they do 
not fulfil their role. That is why R. Robinson refers to 
the need for the mutual implementation of the vision 
of cities in the future, i.e. top-down, implemented by 
the authorities, and bottom-up, controlled by citizens 
(Robinson, 2015). If a city wants to be really smart, 
it must be a common space of stakeholders involved 
in developing ideas and creating innovations (Fritz 
et al., 2018).

In the context of modern information technolo-
gies, we can define a smart city as an “information 
technology combined with infrastructure, architec-
ture, everyday objects, and even our bodies to address 
social, economic, and environmental problems” 
(Townsend, 2013, p. 15). A smart city is defined as 
a city in which ICT is merged with classic infrastruc-
tures, coordinated, and integrated using new digital 
technologies (Batty et al., 2012). Mitchell defines 
a smart city as an “intelligence based on the increas-
ingly effective combination of digital telecommuni-
cation networks (the nerves), ubiquitously embedded 
intelligence (the brains), sensors and tags (the senso-
ry organs), and software (the knowledge and cogni-
tive competence)” (Mitchell, 2007). It does not exist 
in isolation from other urban systems or is linked to 
them only through human intermediaries. There is 
a growing network of overlapping connections rang-
ing from mechanical and electrical systems installed 
in buildings to the systems embedded in household 
appliances, transport systems, electrical networks, 
plumbing, and urban security. Various definitions of 
a smart city indicate that the concept of a smart city 
is constantly evolving, which is a consequence of 
urbanization and digitization.

ICT technology, smart city, and mobility – 
relationships and dependencies

Creating a smart city based on ICT will solve 
various problems that cities experience. The larg-
est influence of ICT on the execution of the smart 
city concept is in the area of smart mobility, which 

means an enormous web of connections, transport, 
and communication, with a large speed that connects 
all the resources of the city (Stawasz, Sikora-Fer-
nandez & Turała, 2012, p. 100). Smart mobility is 
narrowly connected with the implementation of ICT 
technologies and intelligent systems of transport 
(ITS). ICT technologies can be divided according 
to the level of its costs. In the first group, there are 
low-cost solutions related to the managing of appli-
cations that control the traffic lights of crossings and 
messages shown on boards with changeable data 
(VMS). In this group, there are also systems of auto-
matic identification of vehicles (AVI). To solutions 
with higher costs, we place, for example, telemat-
ics that are a connection of countable technology 
(IT) with telecommunication. Its implementation in 
a macroscale allows, for instance (Kauf, 2019), the 
(1) increase in the safety of traffic and a lowering 
of the costs of external transport, (2) a reduction of 
pollution in the natural environment, and (3) a devel-
opment of the intermodal transport. They also facil-
itate easier management of public transport – thanks 
to monitoring and controlling the fleet, improved 
access to information from users in real time, and 
the ability to plan a journey and create intelligent 
systems of transport (ITS). The main goal of which 
is to support, control, and manage the processes in 
transport as well as to connect these systems.

In a smart city, data platforms become the basis 
for a comprehensive digital transformation, which 
enables the identification and adaptation of solu-
tions to specific problems of the city. They will 
facilitate partnership with the private sector as well 
as allow the residents to observe and value chang-
es and, most importantly, be their co-creators. 
ICT enables the citizens, via their smartphones, to 
become mobile recipients of urban life and to take 
an active role in the life and creation of the city. 
The cloud technologies, and the development of 
wireless Internet, have become the basis for study-
ing the flow of residents in specific transfer nodes, 
adapting traffic, and the intensity of public trans-
port to the needs of residents, as well as automat-
ic change of traffic lights. The residents of today’s 
cities can use many services through their phones, 
such as public transport tickets, as well as submit 
comments on the functioning of the metropolis to 
its authorities. One of the examples is the Warsaw 
mobile application, through which citizens can 
inform municipal services about faults, neglected 
vegetation, or acts of vandalism. Intelligent trans-
port systems improve the city traffic by providing 
drivers and authorities with information about the 
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current situation on communication routes. The 
city of Bucheon in Korea may serve as an example, 
where IBM has installed a camera system linked 
to the software that counts vehicles on the road. 
Thanks to them, the residents and city authorities 
were able to react faster and better to traffic jams. 
Equipping public transport stops, for instance, with 
an interactive information board and a Wi-Fi trans-
mitter enables the collection of information about 
the number of people and the times with the highest 
traffic (Guanochanga et al., 2018). Equipping buses 
with beacons (small devices that send a radio signal 
and communicate with smartphones via Bluetooth 
connectors) and the combination of both ‘digital 
traces’, makes it possible to analyze the entire jour-
ney of travelers and to optimize the adjustment of 
the number of public transport vehicles to the actual 
needs. Equipping buses with ICT, measurably helps 
the travelers themselves, for example, through the 
Google Maps application, which checks train and 
bus timetables on an ongoing basis and informs 
about real-time changes (Lange, 2018). Therefore, 
when opening Maps, the exact time when the means 
of public transport appear at the stop can be seen.

The use of ICT in the mobility area connects the 
road users with the road infrastructure and infor-
mation systems. Real-time information allows 
improved planning of the journey and facilitates the 
choice of the means of transport (especially in mul-
timodal journeys), including more effective man-
agement of traffic. The basis for the development of 
intelligent transport systems are technological solu-
tions, such as telematics. In a smart city, thoughtful 
and effective traffic management meets the needs of 
various groups of stakeholders who are the users of 
city infrastructure. Thus, the pursuit of intelligent 
mobility is not tantamount to the expansion of the 
transport infrastructure and building new lanes, but 
it means efficient use of space and creating real alter-
natives to individual transport. Such activities cre-
ate an opportunity for a qualitative change, i.e. the 
improvement of the natural environment and living 
conditions in the city. Achieving satisfactory results 
in this area, and implementing the smart mobility 
idea, is a real challenge for the city as the authorities 
have to face the following problems:
• development and implementation of effective, 

sustainable, and safe public transport systems, 
including Mobility-as-a-Service solutions and 
other travel planning platforms;

• adapting to innovations in the field of mobility and 
acceptance of vehicles (i.e. electric, autonomous, 
shared, and communicating with each other);

• development of guidelines and strategies for 
meeting air quality standards, and maintaining 
them at the level specified by EU and national 
legislation;

• development of public-private partnership and 
cooperation with academic and research centers 
to solve the problems of environmental pollution, 
congestion, and sustainable development;

• construction of sustainable infrastructure (physi-
cal and digital) that support innovative mobility 
solutions offered by the public and private sectors.
Currently, there is probably no city in the world 

where the reality of urban mobility meets the needs 
and preferences of its residents while guaranteeing, 
at the same time, safe, clean, reliable, and cost-effec-
tive ways of traveling to your destination. Therefore, 
the key challenge of a smart city is to create such 
conditions for mobility that allows the reduction 
of congestion, road accidents and collisions, and, 
above all, reduce the negative impact on the natural 
environment.

In conclusion, the use of ICT allows improved 
management of mobility in the city and stimulates 
the inhabitants to cooperate. Smart city, based on 
ICT technology, i.e. integrating new technolo-
gies and innovative ideas, concepts, and solutions, 
requires cooperation and strategic partnerships. 
Only then will it be effective and efficient. It will 
guarantee improved quality-of-life for residents and 
enables the cities to cope with new challenges.

Research methodology

Optimizing the functioning of a smart city 
requires the use of appropriate ICT tools and solu-
tions, whose task is to facilitate the movement with-
in the city and reduce congestion. Therefore, an 
attempt has been made to analyze the applied and 
implemented ICT solutions on the basis of the avail-
able information on the official websites of the smart 
cities. The pilot study used thematic modeling tools 
to identify the main themes of the ICT-related com-
munications offered by the cities. The research was 
carried out with the use of natural language process-
ing methods and tools, which enabled a differentia-
tion of the thematic groups concerning ICT in urban 
transport. To achieve our goal, we searched for an 
answer to the question: What information about ICT 
solutions is posted on the websites of the surveyed 
cities? We assumed that the thematic models (the 
topics) revealed in the study reflect the main uses 
of the ICT. The research procedure consisted of five 
stages, which are shown on Figure 1.
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Stage 1 consisted of the selection of city rank-
ings, i.e. the smart city rankings were searched on 
the websites. There were 16 cities selected, in which 
the complete lists of the cities included in the rank-
ing were available. The number of ranked smart cit-
ies ranged from 20 to 174, and the analyses were 
carried out at diff erent time periods.

Stage 2 focused on the selection of the research 
sample. It was assumed that the most appropriate 
method would be to use representative methods. 
Thus, the size of the sample included the following: 
(1) internal diff erentiation of the general population 
features (variability of phenomena); (2) the applied 
sampling scheme, which largely determines the 
eff ectiveness of the study; (3) the adopted level of 
reliability of the results, i.e. the confi dence level; (4) 
the method used to estimate the parameters charac-
terizing the community; and (5) the available fi nan-
cial resources. It should be added that an increase 
in the sample size increases the precision of the 
estimator. However, the overall size of the sample 
does not depend on the size of the population, but 
on internal diff erentiation. Considering the above, 
the acceptable margin of statistical error was estab-
lished at the level of 5% (for the confi dence level 
α = 0.95), while the population fraction equals 0.5 
and the population size comprises 174 smart cities. 
The randomized survey was a list of 174 cities in 
the world, which were included in the IESE Cities in 
Motion Index prepared in 2019 (Berrone & Ricart, 
2019). This ranking included the largest number of 
cities and was the newest available, in which a com-
plete list of the analyzed cities was published. If the 

sampling procedure was used, the necessary sample 
size was set at 120 cities. Nevertheless, due to the 
preliminary nature of the research, it was decided to 
study only a small number of cities, without keeping 
the minimum sample size. Out of 174 cities select-
ed for this analysis, number 10 was adopted as the 
sampling interval using systematic selection, which 
enabled the selection of 17 cities, i.e. Tokyo, Los 
Angeles, Wellington, Gothenburg, Edinburgh, Lyon, 
Santiago, Seville, Moscow, Nottingham, Athens, 
Naples, Doha, Cordoba, Salvador, Novosibirsk, and 
New Delhi.

Stage 3 was dedicated to the selection of web-
sites, i.e. the websites of the cities selected for the 
study were identifi ed and the keywords were speci-
fi ed (inter alia, smart city, technology, and sustain-
able development). Stage 4 was the collection of 
text data. For the selected links, all of them returned 
by a Google search were collected, i.e. site X, “Y”, 
where X is the website address and Y is the search 
term (quotation marks mean a direct hit to the con-
tent page). Such identifi ed links, with matching text, 
were processed using Newspaper3k to download 
the content of the page. Using this method, a set of 
texts was obtained, which were analyzed through 
thematic modeling (Walkowiak & Gniewkowski, 
2020), using the Multilingual Topic tool provided 
by the CLARIN.PL research infrastructure, via the 
web service portal (http://ws.clarin-pl.eu/). First, 
the clusters of non-randomly occurring words were 
distinguished by: (1) creating a model of the coex-
istence of words (giving information on how often 
certain words accompany each other throughout the 
body and in individual texts) and (2) calculating the 
probability of the occurrence of individual words in 
a random text extracted from the corpus. Then the 
words were linked in the so-called topics, i.e. the 
sets of words that coexist with each other. By means 
of statistical operations, such sets of words were 
distinguished, which probably do not coexist with 
each other by chance (the sum of the probabilities of 
occurrence must be 1).

Stage 5 concentrated on the text processing 
using the CLARIN infrastructure. The LDA and 
ARTM algorithms were used to extract topics. 
This enabled a defi nition of the thematic coher-
ence, i.e. the content connections of the meanings 
of words that make up a single topic. The results 
are presented graphically. The size of the words in 
the graphic representation of the topic depends on 
the relative frequency of occurrence, i.e. the prob-
ability of the word occurrence in each document of 
the corpus. 

smart city 
ranking

• identification of available rankings
• selecting a ranking as a random operation

research 
attempt

• determination of the sample size
• selection of cities for study

websites

• identification of websites for research
• keyword setting

data
• collection of textual data on keywords

analysis

• thematic modeling by the method:
• LDA
• ARTM

Figure 1. Schematic of the research procedure
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Research result

The results were obtained for both methods, 
using LDA and ARTM algorithms to confront the 
reliability of the topics identified for predetermined 
keywords. As combinations, we used such keywords 
as “smart city”, “ICT”, sustainability, and technol-
ogy. The final documents are accessible in various 
formats; for ease of interpretation, we chose distance 
mapping with clouds of words. Among 20 topics pro-
vided by both basic algorithms (LDA and ARTM), 
we selected those which contained the words refer-
ring to the mobility subject. For each analysis, the 
algorithms made 50 iterations on the blocks mea-
suring 20 000 bytes (but respecting words length 
in each block). Each topic represents a distinct set 
of words from the texts that are included into the 
analyzed corpus. These topics – with statistical sig-
nificance – denote different aspects of the subject 
described in analyzed texts. Part of the identified 
topics grouped words in other languages (i.e. Rus-
sian, Spanish, Italian, and Swedish) since the topic 
modeling tool operates in one language at a time. We 
chose English for the analysis as the most commonly 
used and accessible language, even on the websites 
of non-English speaking countries.

The initial data contained 4023 files in the txt 
format for almost all cities (except for Athens, for 
which any information with “smart city” notion 
existed in the moment of website scanning). Many 
of these files contained disclaimers, comments, 
lists of tabs, or links, so the necessary selection was 
reduced to 1498. Afterwards, they were grouped into 
thematic sets, containing 205 text files for the ICT 
theme, 196 for sustainability, 390 for smart, and 698 
for technology. Not every city had a balanced set of 
texts; some keywords were lacking in the corpus, but 
the analysis produced a few interesting features (see 
Figure 2). The observations are ordered in two col-
umns, respectively, for the algorithms used, i.e. on 
the left, the LDA modeling is shown, on the right 
– the ARTM. Words from the mobility field, such as 
“transport”, “vehicle”, “car”, or “traffic”, are weakly 
synchronized with ICT (images (a) and (b)), but the 
identified topic sets it together with the “city” and 
“project” notions.

It can be indicated that, in the analyzed corpus, 
the ICT used in the mobility field coupled with var-
ious projects executed or planned for the cities. The 
mobility vocabulary was more often present in the 
topics related to such notions as “smart”, “sustain-
ability”, and “technology”. In the case of the “smart” 
topic, the mobility vocabulary coexists with the 

system and city notions, which can be seen as con-
firmation of the perspective adopted in official com-
munication offered by the authorities governing the 
analyzed cities. In the “technology” context, mobil-
ity is exposed as relating to the service (in LDA-led 
processing) or to the city project (in ARTM transfor-
mation results). In case of the “sustainability” topic, 
the mobility couples with residents (LDA version) or 
other stakeholders, such as students, experts, people, 
users, institutions, or conferences. Considering only 
the consistency of the word cloud that represent each 
topic, we can see that the LDA analysis provides 
a more coherent view of the aspects presented by the 
topic, while ARTM gives a less homogenous view of 
the themes present in the studied corpus.

Other interesting features of the identified top-
ics are linked to the mobility vocabulary, e.g. more 
infrastructure-connected in the “smart” context or 
user-oriented in the “sustainability” milieu. Although 
the thematic sets were disjointed, as they regarded 
such keyword as “ICT”, “sustainability”, “technol-
ogy”, and “smartness”, some lexical relationships 
endured in the majority of topics; for example, the 
terms “city – transport” arose when searching with 
keywords such as “ICT” and “sustainable develop-
ment”. The words “city – project – system – trans-
port”, however, were present in the topics for which 
the following keywords were used: “ICT” and 
“technology”. For each 30-word set, apart from the 
mobility vocabulary, we can identify some notions 
that are used to describe the same reality as the key-
words searched in the texts, extracted from official 
websites.

Discussion

The results of the topic modeling used to extract 
the most relevant vocabulary from official infor-
mation published on the websites of the smart cit-
ies seem to be promising in many ways. Thanks 
to the CLARIN-PL support, the search time and 
extraction of texts from various kinds of documents 
(printed materials, websites, audio materials, etc.) 
was shortened significantly. The methods used by 
CLARIN-PL allow for an exploration of the groups 
of co-occurring words, which describe the activi-
ties depicted in such texts by the frequency of their 
use in the analyzed documents. With a larger initial 
set, some hypotheses in the inductive research pro-
cess can be sustained or denied. Our pilot research 
confirms that the used method is appropriate for 
the processing of large collections of texts and pro-
vides important results in the form of meaningful 
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topics that describe a given issue from different 
perspectives.

Even if the method used is statistically accurate, 
the problem of interpreting the results obtained is still 
a challenge. It requires an examination into the base 
body of the texts and carrying out a deeper analysis 
of their functions, their sender, and the recipients. An 
interesting case in this aspect is Moscow, whose offi-
cial communication on the website largely focuses 
on the representatives of the city authorities and their 
activities. In contrast, the Gothenburg communica-
tion refers mainly to the events, without exposing the 
roles of the authorities. Even in such a limited form, 
our study signals the possibility to identify differenc-
es in the way information is formulated among the 
considered cities. In the collected texts, the thread 
of the initiating activities is strongly exposed, which 
is manifested by the word “project” present in most 
topics. The implemented solutions are accompanied 
by research (“study”, “survey”, and “respondents”) 
and they are systemic in nature.

It should be noted that environmental expressions 
are very poorly represented in the topics referring 
to mobility in smart cities. In the context of “tech-
nology” we can find “environment” and “emissions” 
(ARTM method), while in the case of “sustainabil-
ity” we have “congestion” (LDA method) and “air” 
is denoted by both methods for the “smart” topic. 
Such a situation may result from a small sample size 
or by mainly associating the concept of a smart city 
with technological advancement, omitting the envi-
ronmental effects. In addition, it should be empha-
sized that the cities used for this study represent the 
entire cross-section of rankings, i.e. from those that 
occupy the highest places to those placed in the last 
positions. This surely has an impact on the outcome 
of the study, as the cities included in it represent 
a diverse level of awareness and needs, resources 
and capabilities of action, and the sophistication of 
the implemented solutions. The results of our study 
indicate that the ICT solutions are poorly linked to 
mobility in the selected cities. By contrast, in the 
technology-related topics, the mobility concepts are 
clearly represented. The absence of solutions from 
the known literature, mentioned in item 3, may be 
puzzling. It seems that, on the one hand, this is influ-
enced by the specificity of websites with information 
addressed to residents and, therefore, given without 
or with simplified specialized vocabulary. On the 
other hand, the variety of available solutions results 
in a lower frequency of occurrence of their names 
and, consequently, less visibility for the search 
algorithm. 

In this context, it is noteworthy that the dominant 
technological solution used in the studied smart cit-
ies are cameras, clearly present in the “technology” 
and “smart” topics. Then again, in the “smart” top-
ics, the concepts related to the transmission of infor-
mation (“hotspot”, “portal”, “signal”, and “screen”) 
and means of transport (“train”, “bus”, “car”, and 
“metro”) with its basic infrastructure are mentioned. 
It is interesting that most expressions relating to 
the smart city stakeholders appear in the context of 
sustainability (“expert”, “student”, “user”, “pedes-
trian”, “resident”, “family”, and “institution”). This 
situation may result from an account of the social 
aspect in the dimension of sustainability to a great-
er extent than in other contexts (technology, either 
ICT or smart). However, the absence of concepts 
related to ecology is puzzling. Is this dimension of 
sustainability so obvious that it is not mentioned on 
the websites of smart cities? In order to interpret the 
obtained results to a high standard, it is necessary to 
examine the websites of the studied cities and verify 
the other research questions that were formulated in 
the process of our analysis. This will be the next step 
in our research, which is beyond the scope of this 
study. The pilot studies conducted so far shows that 
the applied thematic modeling procedure is a useful 
tool at the initial stage of research, which contribute 
significantly to the construction of a set of research 
questions that make a multifaceted analysis of the 
studied phenomenon possible.

Conclusions

The relatively limited number of cities covered 
by this study, during the pilot study, enabled the for-
mulation of careful conclusions only. We note the 
usefulness of the method employed to explore large 
sets of text data and to extract statistically signifi-
cant topics from them. However, their preparation 
is time-consuming and their interpretation cannot be 
undertook without a reference to the original texts. 
In light of the conducted research, we can conclude 
that in the analyzed sample of cities and texts, the 
connection between the concept of a smart city, 
broadly understood mobility, and ICT technologies 
was confirmed. Still, the aspect of environmental 
friendliness is poorly represented. Even if the select-
ed cities have sustainable development strategies, 
this thread in the acquired texts is hardly visible.

The obtained results confirmed that smart cities 
are based on new information technologies, which 
they communicate to residents on their official web-
sites. However, these technologies are not always 
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associated with mobility and transport. This may 
be due to the fact that the information was obtained 
from the official websites of cities, and not from pub-
lic transport entities for which the use of ICT seems 
obvious. Nevertheless, the obtained research results 
should send a signal to the city authorities that the 
information provided through official channels (i.e. 
websites) on the scope of the ICT implementation 
for mobility is insufficient. Therefore, the city res-
idents may not have adequate knowledge about the 
smart mobility development. This conclusion cre-
ates further directions for future research explora-
tion, which may allow the identification of the scope 
of the ICT usage in smart mobility. One of them may 
be an analysis on the residents’ opinions expressed 
in social media or in comments posted on official 
websites. The information obtained by this method 
could, for example, be the basis for the evaluation 
of smart mobility implementations, and possible 
corrections that enable an improved response to the 
needs of residents that encourages them to use public 
communication more often.
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