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Abstract: This article presents a study of the attitude of metropolis residents to the environmental
development of the urban public transport system. The authors set a goal to assess the influence
of values on the assessment of environmental initiatives of city authorities in the field of public
transport and their attitude to innovations in this sphere. In the course of the study, four clusters
reflecting the values of the respondents were identified. The results showed support for innovations
that do not require changes in the transport behavior of the individual. At the same time, we observe
differences in the perception of initiatives by representatives of different clusters when the innovation
affects their transportation behavior. Hypotheses were tested as an analysis result of empirical data
by determining the synthetic indices of values using factor analysis, the classification of respondents
based on the obtained indices to identify groups with similar values using cluster analysis, and
an analysis of the relationship of the classification results by values using contingency tables and
chi-square criterion. The scientific novelty of the study is to assess the impact of values of metropolis
residents on the perception of environmental conditions and their change in the city.

Keywords: human values; sustainability; public transport; sustainable development; marketing

1. Introduction

Public transport is an important factor in metropolises’ social and economic develop-
ment [1]. At the same time, the growing number of vehicles in a city is becoming the main
source of pollution. On the one hand, the need for mobility increases, and on the other
hand, the environmental pressure from the metropolis transport system increases, forming
incentives for innovation in sustainable transport. Many cities are implementing smart
city systems and other innovations that help increase the efficiency of the urban transport
system and reduce the level of environmental pollution.

At the same time, the innovations introduced are not always easily perceived and
accepted by the users of the urban transport system. Many of the innovations require a
change in the behavior of individuals, which often meets with internal protest, causes
resistance, and dissatisfaction in society [2,3].

In this regard, the study of residents’ attitudes towards innovations for sustainable
development of the metropolitan transport network becomes particularly relevant. The
term “attitude” is used as a universal term to conceptualize the beliefs, values, perceptions,
knowledge, awareness, opinions, and fears of individuals, especially when it is necessary to
study the perception of environmental problems and risks in the context of travel behavior
including travel on all modes of transport as well as car purchasing decisions and driving
behaviors [4]. In this regard, it is important to understand not only residents” perception
of transport innovations in the metropolis for sustainable development, but also their
perception of the environmental situation in the city, and to what extent this perception
reflects the real environmental situation and changes in the city. Such knowledge is
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extremely important because management decisions on the development of the metropolis
transport network are based on indicators that reflect the objective state of the city’s
environment. We were interested to understand to what extent the objective indicators
of the city environment quality and the perception of the environment by the citizens are
consistent with each other.

In this context, the role of marketing activities in public transport is increasing, which
should focus on the rational use of public goods, such as public spaces, air, water, and
the like for sustainable development, and primarily through open innovation [5]. The
marketing task is to help city governments select the impact and regulatory tools to adapt
the residents and other actors to changes [6].

Thus, there is a need for studies capable of identifying and analyzing problems and
seeking innovative solutions to existing urban public transportation problems [7]. The
basis for finding these kinds of solutions should be the study of residents’ attitudes towards
the environmental development of the urban public transport system.

Therefore, the goals of this study were to:

Identify passenger segments using cluster analysis based on high-level values (HLV);
Identify the attitude to the actions of the city authorities aimed at improving the
environmental situation in the urban transport system;

e  Reveal residents’ attitude towards joint responsibility with the city authorities for the
environmental situation in the city;

e  Assess the perception of the environmental situation in the city and its true state in
terms of emissions from urban transport.

Based on the above goals, the following hypotheses were developed:

Hypothesis 1 (H1). Attitudes towards the actions of the city authorities aimed at improving the
environmental situation by changing the transport system will differ among residents with different
values.

Hypothesis 2 (H2). Residents are aware of their responsibility for the environmental situation in
the city due to the development of the urban transportation system.

Hypothesis 3 (H3). Residents’ subjective perception of the environmental situation may not
correspond to the objective environmental situation in the city.

The rest of the paper is organized as follows. First, Section 2 analyzes the literature
and describes the current state of the problem under study. Then, in Section 3, the research
methodology is presented. The main results are presented in Section 4. After this, the ob-
tained results are discussed in Section 5. Finally, Section 6 provides conclusions, limitations,
and prospects for further research, concluding the article.

2. Literature Review

Modern urban planning increasingly emphasizes comprehensive benefits for the
planning goals of the economy, society, and environment based on ecological infrastruc-
ture [8-13]. In the last decade, the field of transport and mobility, as a whole, has undergone
significant changes [14-19], as there is a close link between it and the general economic de-
velopment [20-22]. This link becomes especially tangible in cities, where a large proportion
of the population is concentrated [23-25] and negative environmental impacts are also the
most tangible [26-31]. These are often the result of heavy traffic [32].

Largely, solutions of these problems are related to innovation of both the use of vehicles
and infrastructure. Those could be, for example, the development of personal mobility
devices [33] or the system for the use of parking [34,35] or modeling their need [36].

At the same time, most researchers agree that implementing innovations within
the concept of a smart city is impossible without the population’s participation, which is
expressed as opinions, assessments, and suggestions [37-44]. In examining the determinant
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factors affecting urban development, Myeong suggested that smart city development
includes citizen participation with multi-communication channels in building a smart city.
These experts said that smart cities could not move in the right direction without citizen
participation [45-48]. Among the many factors considered, population engagement came
out on top.

An important role in modern urban planning is considering population attitude and
perception assessments into transportation management decisions, sustainable urban de-
velopment, and urban environmental transformation [49-52], largely due to the increasing
demand for innovative transportation policies to address congestion, air pollution, and
greenhouse gas emissions [53-55].

A striking example of public participation in the life of a city is online voting platforms.
The practice of taking account of the population’s opinion on certain issues through
specialized websites and mobile applications is widespread not only in metropolises but
also in towns. It should be taken into account that some of the first topics for voting
were exactly the issues of transport planning and air pollution regulation through the
introduction of transport restrictions. To date, it can be stated that these issues remain very
relevant and attract as many participants as the distribution of the city budget.

In reality, the population’s attitude towards air pollution, congestion traffic, and lack
of accessibility of the public transport for the suburbs was at the basis of the creation
of the new order in cities [56,57] and the formation of sustainable urban mobility plans.
Citizens play an important role in all the stages of sustainable transport development—
diagnosing the current situation, identifying solutions, devising development plans, and
implementing them [20,58,59]. The development of the city, taking into account modern
environmental requirements and any ecosystem management process, is not possible
without understanding the values of each stakeholder [46,60,61].

In Russian metropolises, the situation of residents being passive to the problems of
transport ecology had developed historically. Residents consider information about the
state of the environment not as an incentive to change their behavior but as spectatorship
and evaluation of the authorities” actions to improve the population’s quality of life [62].
The leading role in aforementioned initiatives belonged to the federal and regional authori-
ties. In this regard, it would be important to understand how much residents are aware of
their responsibility for the environmental situation in the city as a result of the development
of the urban transportation system and how subjective perception of the environmental
situation corresponds to the objective environmental situation in the city. This circumstance
determines effective measures and policies that change people’s mobility towards desired
sustainable mobility. Individual mobility needs and mobility determinants must be consid-
ered to understand how different people respond to measures and policies and increase
their effectiveness [63]. Attitudes and values become key aspects when considering this
issue. As follows form studies in the literature: “Based on the surveys implemented in six
Asian countries, i.e., Japan, Thailand, China, Vietnam, Indonesia, and the Philippines, the
factor analysis of 31 beliefs revealed three factors underlying the attitudes toward cars and
public transport, namely Symbolic affective, Instrumental and Social orderliness” [64,65].
Other works have also investigated various factors determining the influence on policy
choices aimed at reducing greenhouse gas emissions from transport, where the role of
particular attitudinal indicators based, for example, on the theory of interpersonal behav-
ior, the theory of planned behavior, goal-oriented behavior model, Schwarz model [66]
was noted.

At the same time, the authors in their studies have covered only certain aspects of
attitudes that can characterize human values. The concept of human value is different from
attitude [67] and can be based on different approaches [68-70].

In this regard, it becomes important to understand how attitudes towards the actions
of the city authorities aimed at improving the environmental situation by changing the
transportation system will differ among residents with different values. Such an approach is
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due to a gap in the literature regarding considering residents’ attitudes based on clustering
depending on their values, for example, using Schwartz’s theory of values.

Thus, scientists have resorted to various ways of clustering the population to study the
public’s opinion to make management decisions on transportation planning and environ-
mental issues within the urban environment [71,72]. For example, the literature considers
an approach based on cluster analysis of latent classes, which identified three segments:
hared-mode enthusiast, shared-mode opponent, and fixed-route transit loyalist [73].

Traditionally, segmentation based on demographic variables and individual behav-
ioral characteristics has been used to study the behavioral characteristics of particular
groups [74]. Using this approach to study composite complex behavior within large groups
can lead to the oversimplification of the resulting model.

One of the first studies of opinions and attitudes of people about urban transport,
based on the survey, in Poland and for countries in Central and Eastern Europe, is based on
the principle of dividing the population by age, focusing on the mobility choices of young
adults (more specifically, Generation Y) [75].

Particular attention should be paid to studies in which the evaluation of the population
on the prospects of environmental changes related to transport is made based on the
division of respondents according to their level of involvement in an issue. However,
experts preferred techno-economic measures while the public prioritized behavioral change
and public transport improvement [76,77]. Thus, cluster analysis seems to us to be a higher
priority for studies of the values of the population in the area in question.

Weiand, studying the connection between traffic intervention policies and public
acceptance in a local context [78] amid climate change and air pollution, uses agglomera-
tive hierarchical clustering and multiple correspondence analyses. Based on hierarchical
cluster analysis, the researchers identified four clusters: “unconcerned car-dependent
policy-rejectors”, “multimodal policy-skeptics”, “green-travel policy-optimists” and “bike-
dedicated policy-enthusiasts”.

Notably, hierarchical and partitioning cluster analyses are most commonly used for
transportation research [79,80]. Magdolen, to utilize the advantage of both methodologies,
in his study uses a combination of Ward'’s hierarchical method with the partitioning method
of k-means in a two-step cluster analysis. The study resulted in the identification of eight
clusters. Each cluster represents a mobility style with distinctive characteristics reflecting a
group of people [63].

Separately, it should be noted that the process of involving motorists in the use of
public transport services is not losing its relevance [81]. This vector of urban development
makes it necessary to improve knowledge about the perception of public transport by
motorists. For this reason, there is a significant amount of research devoted to the study
of service quality, satisfaction, and behavioral intentions towards public transport from
the point of view of private vehicle users [82]. In such cases, the first stage of the study
is selecting and separating respondents according to the fact of using public or private
transportation [83,84]. As part of the study of this direction, de Ofia uses confirmatory
factor analysis to identify the most important service quality attributes for the car users;
structural equation modeling for investigating the relationships among the three factors;
and multi-group analysis and a multiple-indicator and multiple-causes approach to iden-
tify heterogeneity in the models because of geographical context or socio-demographic
characteristics [81,84].

Thus, we can conclude that the values of citizens in the framework of their assessment
of management decisions on transport and environmental transformations of the city
remain understudied, as well as the differences in the attitude and perception of urban
policy in greening the transport system as a whole.

Today, urban transportation systems face the challenges of developing sustainable
transportation policies aimed at greening transportation [85-87]. However, the effective-
ness of solutions to achieve these objectives depends largely on public attitudes. At the
same time, a significant influence of the mass media on this process should be noted [4,88].
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Despite clear public demands for urban environmental improvements, not all management
decisions resonate with the population.

One possible reason may be related to the differences in the subjective perception of
residents of the environmental situation and its objective state. The literature notes that
subjective experience can be as important as objective indicators [89]. At the same time,
for public transport, these kinds of issues are considered mainly in terms of the perceived
quality of transport services [90], rather than looking for differences in the subjective
perception of the transport impact on the environment and the objective situation.

In conclusion of the literature review, it should be noted that methods combining
qualitative and quantitative research using cluster analysis are applied to identify key
factors of public attitudes towards sustainable transport policy. However, this topic remains
understudied to form the basis for managerial decision-making in greening territories,
cities, and metropolises.

The literature mostly presents the results of studies, whose objectives were to assess
the attitude to the already taken decisions in the management of the transport complex,
or the clustering did not simultaneously take into account aspects of public satisfaction
with the urban transport system, including the aspects of the impact on the environment of
the region. Also, the implementation results of the recommendations formulated based on
analysis in a time perspective are poorly presented.

3. Methodology

Hypothesis testing took place in three stages. It was necessary to identify clusters of
individuals (metropolitan residents) with similar basic values at the first stage.

In order to test the hypothesis, 40 projection questions describing basic human HLVs
were added to the questionnaire (Table 1). For each question, four alternative answers were
offered:

1. Not like me;

2. A little bit like me;
3.  Looks like me;

4. Very much like me.

Table 1. Questions on values (basic human values).

Question on the Basic Value

Basic Value

1. He/she likes to do things his way, do something new and be inventive Independence
2. He/she tends to be rich and have expensive things Power
3. He/she believes that everyone should have equal rights and opportunities in life Universalism
4. It is important for him/her to show his/her abilities and talents. He/she wants people to admire .
Achievement
what he/she does
5. It is important for him/her to live in a safe environment. He/she avoids anything that might
. Safety
threaten his/her safety
6. He/she always strives for novelty and believes that it is important to do many different things . .
in li Stimulation
in life
7. He/she believes that people should adhere to the established rules, even when no one sees them Conformity
8. It is important for him/her to listen to people’s opinions that differ from his/her perspective. Even Conformi
if he/she disagrees, he/she still tries to understand them ty
9. He/she believes that people should be happy with what they have at the moment and not ask for Traditionalism
more from others
10. He/she is always looking for a reason to have fun. It is important for him/her to do things that .
. . Hedonism
give him/her pleasure
11. It is important for him/her to decide for himself/herself what to do. He/she likes to make
Independence

his/her own decisions in planning and choosing his/her activities
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Question on the Basic Value

Basic Value

12. It is important for him/her to benefit those around him/her and take care of their well-being. He

tries to support those close to him/her Benevolence
.13. It is important for him/her to succeed and be an orientation target for other people. He likes to Achievement
impress them
14. The security of the country is very important to him/her. He/she believes that the state must be Safet
ready to defend itself against external and internal threats y
15. He/she likes to take risks and seeks adventures Stimulation
16. It is important for him/her to behave properly. He/she tries to avoid doing things that people .
i Conformity
would consider wrong
17. It is important for him/her to be a leader and tell others what to do Power
18. It is important for him/her to be loyal to his/her friends Benevolence
19. He/she is convinced that people should take care of nature. It is important for him /her to take . .
i Universalism
care of the environment
20. Religion is important to him /her in life. He/she strives to follow his/her religious beliefs Traditionalism
21. He/she does not like disorders. It is important to him/her to keep things clean and tidy Safety
22. He/she believes that it is important to be a versatile person and be interested in many things.
. N Independence
He/she likes to be inquisitive
23. He/she believes that all people of the world should live in harmony. It is important to him/her to . .
; Universality
promote peace among all groups of people in the world
24. He/she believes it is important to be ambitious in life, to strive to achieve success according to Achievement
his/her personal goals. He/she wants to demonstrate how capable he/she is
25. He/she believes that he/she should act according to established traditions. It is important for Traditionalism
him/her to observe the customs he/she has learned in life
26. He/she likes not to deny himself/herself anything and enjoy life Hedonism
27. It is important for him/her to be sensitive to the needs of others. He/she tries to support those
Benevolence
he/she knows
28. He/she believes that he/she should always show respect for parents and elders and attend Conformity
to them
29 He/she wants everyone to be treated fairly. It is important to him/her to protect the weak Universalism
;%0. He/ §he loves surprises. It is important to him/her that his/her life should be full of bright Stimulation
impressions
31. It is important to be healthy for him/her Safety
32. It is important for him/her to develop and advance constantly. He/she strives to do everything Achievement
better than others
33. He/she tries to see only good in people. He/she believes he/she must be prepared to forgive and Benevolence
have no resentment against other people who have offended him/her
34. It is important for him/her to be independent. He/she likes to rely on his/her own strength Independence
35. Stability in the state is important for him /her Safety
3?. It is important for him/her to be courteous to other people. He/she tries not to annoy or Conformity
disturb others
37. He/she is a swinger and likes to spend his/her free time well Hedonism
38. It is important for him/her to be modest. He/she tries not to draw attention to himself/herself Conformity
39. It is important for him/her to acquire authority, to have an influence on others Power
40. It is important for him/her to be in harmony with nature, to be part of it. He/she believes that . .
Universalism

people should not change nature too much
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In order to analyze the reliability of the results obtained, a test was conducted us-
ing Cronbach’s coefficient x. Cronbach’s alpha was used to assess the scale’s internal
consistency.

Based on descriptive statistics (averages), most and least similar personality types to
most respondents were identified.

The average conformity assessment of the values to the respondent:

Fully do not conform;
Do not conform;
Conform;

Fully conform.

Ll N

For a deeper study of the survey results, factor (component) analysis was used to
determine the synthetic indices of values. The indices obtained were supposed to classify
respondents using cluster analysis to identify groups with similar values. Data suitability
for factor analysis was checked using the Kaiser-Meyer-Olkin test (KMO test). A Varimax
rotation was used to interpret the indices.

Next, we analyzed the socio-demographic characteristics of respondents for each
cluster. Construction of clusters’ socio-demographic profile is necessary to understand how
respondents were distributed into clusters and who forms each cluster.

At the second stage, Hypotheses 1 and 2 were tested. We studied the differences in the
attitude towards the actions of the city authorities aimed at improving the environmental
situation by changing the transport system (H1) and the residents” awareness of their
responsibility for the environmental situation in the city as a result of the development of
the urban transport system (H2).

The third stage involved the analysis of statistical data on changes in key indicators
of the environment in the city in the dynamics over five years (from 2016 to 2020) and
a comparison of the perception of the environmental situation in the city and its real
state (H3).

The study of the perception of environmental innovations on the development of
urban public transport in Moscow was conducted with the help of an online survey of
the capital’s residents in early March 2020. Quota sampling was used proportional to the
gender and age composition for each of the administrative districts of Moscow to ensure
representativeness. As a result, 969 men (43%) and 1306 (57%) women were questioned,
2275 respondents in total. Due to using the introductory part of the questionnaire with
screening questions, people under 18 did not participate in the further survey. Such
respondents were 0.56% of those who started to fill out the questionnaire (not included
in the quotas). The share of respondents by age and gender was also controlled to ensure
that the sampling was representative according to the structure of the Moscow population
according to these parameters.

In this study, the data array was analyzed using the IBM SPSS Statistics 20 software
package.

The study used several methodological approaches:

— An online survey of city residents based on quota sampling proportional to gender
and age composition for each of Moscow’s administrative districts;

—  The methodology of projective evaluation of human HLV is based on Schwartz’s value
theory and marketing approach [67,91-93].

— The methodology of descriptive statistics (averages) to determine the most and least
similar personality types to the majority of respondents;

— Factor (component) analysis to determine synthetic indices of human HLV. Based on
the indices obtained, respondents were classified using cluster analysis to identify
groups with similar values;

— Model of the values’ influence on the assessment of environmental initiatives of
the city authorities in the field of public transport. Statistical forecasting methods
described in the literature were used in the modeling [34,94].
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— Dynamic analysis of changes in concentrations of major pollutants in Moscow is based
on state statistics data, which allowed comparing the subjective perception of the
city’s environmental state with the objective one.

4. Results
4.1. Stage 1: Clustering of Respondents Based on Basic Values

Cronbach’s alpha was used to assess the scale’s internal consistency; its value was
0.927, indicating external consistency and internal consistency.
The following values were most relevant to the respondents:

No. 31—It is important to be healthy for him /her (Safety)—3.38 points;

No. 22—He/she believes that it is important to be a versatile person and be interested in
many things. He/she likes to be inquisitive (Independence)—3.22 points;

No. 28—He/she believes that he/she should always respect parents and elders and attend
to them (Conformity)—3.21 points.

The following values were least of all relevant to the respondents:

No. 2—He/she tends to be rich and have expensive things (Power)—1.8 points;
No. 15—He/she likes to take risks and seeks adventures (Stimulation)—8 points.

The importance of basic human values for the respondents was assessed based on
the average scores according to Table 1. As a result, the following diagram was obtained
(Figure 1).

Power NI 2.03
Traditionality I 0 5/
Stimulation I 2 .34
Achievement I ) 42
Hedonism I .53
Conformity I ? 92

Values

Benevolence NN 2 94

Independence NN 0 03

Universalism I 3,12
Safety I 3,12

1.0 1.5 2.0 2.5 3.0 3.5

Average score, point

Figure 1. Average conformity scores with life values (1—Fully do not conform, 4—Fully conform).

Thus, the most significant values are Safety and Universalism (average score above
3.1); the most significant values are Independence, Benevolence, and Conformity (average
score above 2.9, but less than 3); the least significant values are Power, Traditionalism, and
Stimulation (average score below 2.4).

In order to determine the factors of values, it is necessary to previously consider a
smaller number of synthetic variables (indices) instead of forty initial variables. For this
purpose, a statistical dimensionality reduction tool was applied—factor analysis (method
of principal components). The test result was 0.946, exceeding 0.9, indicating that the
variables correlate sufficiently and are suitable for factor analysis.

As a result, 7 indices were obtained, of which eigenvalues, according to the Kaiser
criterion, exceed 1. They explain 56% of the variance of the original data. A Varimax
rotation was used to interpret the indices. Explanatory variables and corresponding factor
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loadings, based on which the interpretation of the indices was carried out, are presented in

Table 2.

Table 2. Results of factor analysis—method of principal components.

Initial Variables, Explaining Factors

Factor Loadings

Factor 1
27. It is important for him/her to be sensitive to the needs of others. He/she tries to support those 0.75
he/she knows '
28. He/she believes that he/she should always show respect for parents and elders and attend 0.70
to them '
29 He/she wants everyone to be treated fairly. It is important to him/her to protect the weak 0.68
12. It is important for him/her to benefit those around him /her and take care of their well-being. 0.68
He/she tries to support those close to him/her )
18. It is important for him/her to be loyal to his/her friends 0.67
19. He/she is convinced that people should take care of nature. It is important for him/her to take 0.64
care of the environment ’
33. He/she tries to see only good in people. He/she believes he/she must be prepared to forgive and 0.59
have no resentment against other people who have offended him/her ’
23. He/she believes that all people of the world should live in harmony. It is important to him/her to 0.57
promote peace among all groups of people in the world ’
36. It is important for him/her to be courteous to other people. He tries not to annoy or disturb others 0.56
40. It is important for him/her to be in harmony with nature, to be part of it. He/she believes that 0.56
people should not change nature too much ’
35. Stability in the state is important for him /her 0.53
14. The security of the country is very important to him/her. He/she believes that the state must be 0.51
ready to defend itself against external and internal threats ’
8. It is important for him/her to listen to people’s opinions that differ from his/her perspective. Even 0.44
if he/she disagrees, he/she still tries to understand them ’
16. It is important for him/her to behave properly. He/she tries to avoid doing things that people 0.44
would consider wrong '
Factor 2
17. It is important for him/her to be a leader and tell others what to do 0.81
13. It is important for him/her to succeed and be an orientation target for other people. He/she likes 075
to impress them '
4. It is important for him/her to show his/her abilities and talents. He/she wants people to admire 0.75
what he/she does '
39. It is important for him/her to acquire authority, to have an influence on others 0.71
24. He/she believes it is important to be ambitious in life, to strive to achieve success according to 0.70
his/her personal goals. He/she wants to demonstrate how capable he/she is '
2. He/she tends to be rich and have expensive things 0.65
15. He/she likes to take risks and seeks adventures 0.52
Factor 3
31. It is important to be healthy for him/her 0.64
11. It is important for him/her to decide for himself/herself what to do. He/she likes to make
. o . . . o 0.59
his/her own decisions in planning and choosing his/her activities
34. It is important for him/her to be independent. He/she likes to rely on his/her own strength 0.57
32. It is important for him/her to develop and advance constantly. He/she strives to do everything 0.56

better than others
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Table 2. Cont.

Initial Variables, Explaining Factors

Factor Loadings

6. He/she always strives for novelty and believes that it is important to do many different things

in life 0-54

22. He/she believes that it is important to be a versatile person and be interested in many things. 0.47

He/she likes to be inquisitive :

1. He/she likes to do things his/her own way, do something new and be inventive 0.45

21. He/she does not like disorders. It is important to him/her to keep things clean and tidy 0.43
Factor 4

26. He/she likes not to deny himself/herself anything and enjoy life 0.64

10. He/she is always looking for a reason to have fun. It is important for him/her to do things that 0.62

give him/her pleasure '

30. He/she loves surprises. It is important to him/her that his/her life should be full of bright 0.53

impressions '

37. He/she is a swinger and likes to spend his/her free time well 0.48
Factor 5

5. It is important for him/her to live in a safe environment. He/she avoids anything that might

. 0,60

threaten his/her safety

7. He/she believes that people should adhere to the established rules, even when no one sees them 0.44
Factor 6

9. He/she believes that people should be happy with what they have at the moment and not ask for 0.72

more from others '

20. Religion is important to him/her in life. He/she strives to follow his/her religious beliefs 0.53

25. He/she believes that he/she should act according to established traditions. It is important for 0.46

him/her to observe the customs he/she has learned in life ’

38. It is important for him/her to be modest. He/she tries not to draw attention to himself/herself 0.40
Factor 7

3. He/she believes that everyone should have equal rights and opportunities in life 0.64

As aresult of the interpretation, the synthetic indices were named as follows:

Taking care of people and the world around us;
Achieving a position;

Self-development;

Enjoyment of life;

Safe environment;

Traditionalism,;

Equality.

NG L=

The relationship of the indices with the basic values according to the initial variables

is presented in Table 3.

It can be concluded that there is a stable positive relationship between the different

basic values from the respondents’ point of view:

Conformity—Benevolence—Universalism;
Achievement—Power.
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Table 3. Contingence of synthetic indices with basic human values.

Indices
Values 1—Taking Care of .2_. 3—Self- . 4— 5—Safe En- 6— 7—
People and the Achieving a Development Enjoyment vironment Traditionalism Equalit
World around US Position P of Life 1 y

Independence - - 5 - - - _
Stimulation - 1 1 1 - - -
Hedonism - - - 3 - - -
Achievement - 3 1 - - - -
Power - 3 - - - - -
Safety 2 - 1 - 1 - -
Conformity 4 - - - 1 1 .
Traditionalism - - - - - 3 -
Benevolence 4 - - - - - -
Universalism 4 - - - - - 1

Next, respondents were classified according to the newly obtained indices using a two-
stage cluster analysis, where the Bayesian information criterion was used as the clustering
criterion. Four clusters were obtained as a result of clustering. In order to determine the
profiles of the clusters, we plotted the average values of the indices by clusters (Figure 2).
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LGl S X &2 & S
S &S & N & N N
© & & o & 2 &
&b Q O é’ gO w0 <
N 2 © & N N
O & 2 & O 2"
& ?/6‘ {\b A\o‘\ @ N
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&
.
&
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A
&’b
Basic values
e A bitious traditionalist . Concerned for safety
Apathetic individualist Courageous, going his/her own way

Figure 2. The plot of the average values of the indices of the 4 clusters for the basic values of the respondents.

Based on the analysis results of the sizes and profiles of the clusters (average plots),
we can characterize them as value clusters to the basic values of the respondents as follows:

1st cluster (21% of respondents)—Ambitious traditionalists who strive to achieve a high
position in society and hold traditional views;

2nd cluster (33%)—Concerned for safety respondents who strive for safety, position in
the society is not important;

3rd cluster (28%)—Apathetic individualists who are not interested in equal rights and
care of others;
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4th cluster (17%)—Courageous, going their way respondents who strive to develop
and get satisfaction from life, not interested in security and traditions.
The distribution of cluster representatives by age and gender is shown in Figures 3 and 4.

31
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27
24 2
21
19 18 19 19
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14 14
13 12
10
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5 I I 5

Q I I

Ambitious traditionalist Concerned for safety Apathetic individualist Courageous, going his/her
own way

= - N N w w
o 5 < ] o u

Share of respondents in the cluster, %
1%,

Cluster of respondents by values
1829 mW30-39 W40-49 mW50-59 WG0-65 ME6andolder

Figure 3. Distribution of representatives of the 4 clusters by age.
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Figure 4. Distribution of respondents by gender in the 4 clusters.
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The highest proportion of cluster representatives by age:

1st (Ambitious traditionalists)—respondents from 18 to 39 years old (51% of respon-
dents);

2nd (Concerned for safety)—respondents from 50 to 59 years old (25%);

3rd (Apathetic individualists)—respondents from 30 to 39 years old (29%). Interestingly,
}1 of representatives of this cluster lives in the Southern (11%) and Central (11%) districts of
Moscow;

4th (Courageous, going their own way)—respondents from 18 to 29 years old (31% of the
respondents).

Figure 4 shows the distribution of respondents by gender in the 4 clusters.

Men outnumber women only in cluster 1 (Ambitious traditionalists—by 17%); in
other clusters, women prevail, especially in cluster 3 (Apathetic individualists)}—women
outnumber men by 2/3.

Figures 5 and 6 show the distribution of cluster representatives by employment status
and educational level of respondents.

The largest share of cluster representatives by employment status is full-time working
(from 46% to 61% of respondents); among the representatives of the 2nd cluster (Concerned
about security), there is a significant proportion of pensioners (32%).

The vast majority of respondents in all clusters have higher education (from 66% to
75%); among the representatives of the 1st cluster (Ambitious traditionalists), there is the
smallest proportion of respondents with secondary general education (5%).
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21
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6

o1 100 :

\ — \
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w
(e}

20
10
0
Ambitious traditionalist Caoncerned for safety Apathetic individualist Courageous, going his/her
own way

Cluster of respondents by values

W Full-time working  m Part-time working  mStudent/learner, Pensioner M Not currently working

Figure 5. Distribution of cluster representatives by employment status.
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Share of respondents in the cluster, %

80

70

60

50

40

30

20

10

Measures in the transport field, which the
authorities should introduce first of all to

Incomplete secondary education M Secondary general education M Secondary vocational education

74

20

, S
—

Ambitious traditionalist

Figure 6. Distribution of cluster representatives by educational level.
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4.2. Stage 2. Testing Hypotheses 1 and 2
Figure 7 shows measures in the transport field, which, according to respondents, the

authorities should introduce first of all to improve the environment in the city.

Increase in the cost of the resident car storage ] 1

improve the environment in the city

Prohibition on transit trucks in the city during rush

Restriction on issuing registration plates for a new car in
the absence of its own parking space

Increase in transportation tax for third and subsequent

Noticeable increase of fines for non-compliance with

Introduction of temporary restrictions on the
movement of personal and cargo vehicles

Prohibition on use of cars of a lower emission standard

Renewal of city special-purpose vehicles to Euro-5

Paid entry to certain areas of the city [l 3

. 4

Introduction of a new "Environmental Patrol" function | | I ©

single-family cars

ecological norms

standard

hours and truck parking
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Apathetic individualist
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Figure 7. Measures in the transport field, which the authorities should introduce first of all to improve the environment in

the city.
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Cluster of respondents’ attitudes toward basic

values

Courageous, going his/her own way

From the respondents’ point of view, the most important measure is the prohibition of
transit trucks in the city during rush hours and the parking of trucks in non-specialized
places (33%).

Statistically significant (based on chi-square test at 5% significance level) relationships
of respondents’ cluster membership were revealed concerning basic values and answers to
the questions:

e Do the city authorities pay enough attention to environmental issues?
e Do you agree with the statement that residents are equally responsible for the environ-
mental situation in the city?

Figure 8 shows the results of the comparative analysis of whether the city authorities
pay enough attention to environmental issues.

Apathetic individualist

Concerned for safety

Ambitious traditionalist

0% 20% 40% 60% 80% 100%

Share of respondents in the cluster, %

M Yes, enough W No, not enough

Figure 8. The city authorities pay enough or not enough attention to environmental issues.

Among Ambitious traditionalists, the maximum proportion believes that the authorities
pay sufficient attention to environmental issues (35% of respondents). The lowest propor-
tion is among Courageous, going their own way respondents (18%). Thus, among Ambitious
traditionalists, the largest proportion of people is ready to solve the city’s environmental
problems with the authorities actively; the smallest is among Courageous, going their way
respondents.

The attitude of the representatives of different clusters to the actions of the city
authorities to develop environmental transport (significance level of 5%, except for the
expansion of electric transport network—=8%) is shown in Figures 9 and 10.
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Figure 9. The attitude of representatives of the four clusters towards the actions of the city authorities to develop environ-
mental transport (in terms of answers to the questions on the development of ground public transport network; expansion
of electric transport network; development of public spaces and network of pedestrian routes; development of public
transport services).
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Figure 10. The attitude of representatives of the four clusters towards the actions of the city authorities to develop
environmental transport (in terms of answers to the questions on restrictions for trucks in Moscow; paid parking, evacuation
of cars with parking violations; speed limits for passing through the city; changes in the street and road network).

Among the representatives of the clusters, the highest proportion of respondents
agrees with the actions of the authorities in the following areas (from 85 to 91%): the
development of the ground public transport network; expansion of the electric transport
network; development of public spaces and network of pedestrian routes; restrictions on
the passage of trucks through Moscow. At the same time, we can see less support in the
clusters for some environmental initiatives:
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Cluster of respondents' attitudes

toward basic values

1st cluster (Ambitious traditionalists)—development of paid parking lots (65%), changes
in the street and road network (73%) and speed limits (76%);

2nd cluster (Concerned for safety)—development of paid parking (61%), changes in the
street and road network (61%), speed limits (76%), and development of public transport
services (78%);

3rd cluster (Apathetic individualists)—development of paid parking (50%), changes in
the street and road network (64%), speed limits (66%), and development of public transport
services (75%);

4th cluster (Courageous, going their own way)—development of paid parking (44%),
changes in the street and road network (55%), speed limits (64%), development of public
transportation services (77%), and restrictions on the passage of trucks (79%).

It is noteworthy that the actions of the Moscow authorities in the field of the envi-
ronment, with which the majority of representatives of all clusters agree concerning the
respondents’ basic values (development of the ground public transport network; expansion
of electric transport network; development of public spaces and network of pedestrian
routes; restrictions on trucks passing through Moscow) primarily contribute to further
improvement of the most important factor of the environmental situation—air quality.

Figure 11 shows the results of the comparative analysis of the degree of agreement
with the fact that residents are responsible for the environmental situation in the city on an
equal footing with the city authorities.

Courageous, going his/her own way 12% 44% 37%
Apathetic individualist 9% 47% 36%
Concerned for safety 8% 45% 42%
Ambitious traditionalist SR 33% 55%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Share of respondents in the cluster, %

W Disagree Rather Disagree Rather Agree Fully Agree

Figure 11. Degree of agreement with the fact that residents are responsible for the environmental situation in the city on an

equal footing with the city authorities.

The highest proportion of people (more than half—55%) who fully agree that residents,
on an equal footing with the authorities, should be involved in improving the urban
environment is among Ambitious traditionalists, and they have the highest proportion of
those who agree in principle with this statement (88%). The smallest proportion (although
significant) of those who agree with this statement is among the Courageous, going their own
way respondents—81%.

4.3. Stage 3: Comparative Analysis of the Objective State and Changes in the Quality of the
Environment of the City and the Perception of the Ecology of the City by Residents

We analyzed trends in concentrations of major pollutants in Moscow based on state
statistics data for 5 years from 2016 to 2020. The choice of atmospheric air pollution
indicators is described in the literature [4]. The results are presented in Table 4.
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Table 4. Trends in concentrations of major pollutants in Moscow.

The Average Concentration in Moscow, mg/m3

Year Carbon Oxide Sulfur Dioxide Nitrogen Dioxide Nitrogen Oxide Grogr;g;:;evel
2016 0.38 0.0030 0.35 0.018 0.031
2017 0.36 0.0034 0.34 0.016 0.028
2018 0.38 0.0037 0.35 0.019 0.030
2019 0.32 0.0032 0.31 0.017 0.034
2020 0.28 0.0029 0.29 0.015 0.029
Change over _26 _3 _17 _17 6

5 years, %

For five last years (from 2016 to 2020), all indicators for pollutant gases of the atmo-
sphere decreased by more than 3%, and carbon monoxide by 26%.

At the same time, when answering the question “In your opinion, how has the
ecological situation in Moscow changed over the last five years?” the respondents’ answers
(Figure 12) contradict the objective observation data. Over the last five years, the air quality
in Moscow has improved significantly. The report on the environmental conditions in
Moscow in 2020 [95] presents the data on the change in emissions of harmful substances
into the atmosphere (Table 4).

[ ss
26
I 19

Brave persons, walking their own way
Apathetic individualists 27

Concerned about safety 26

Clusters of attitudes to hasic values

Ambitious traditionalists 20

0 10 20 30 40 50 60

Share of respondents in the cluster, %

B Environmental situaticn has worsened B Environmental situation has not changed

B Environmental situation has improved

Figure 12. Numerical distribution of respondents” answers to changes in the environmental situation by cluster.

5. Discussion

The empirical results we obtained, in which residents” opinions differ on the measures
introduced to enhance the sustainable development of urban public transport system
confirm the opinions of researchers (such as [45-48]) about the impossibility to implement
innovation without considering the opinions and assessments of the city population. At the
same time, taking into account the analysis of the issue history in the literature, it should
be noted that the influence of values on the attitude of residents to the environmental
initiatives of the authorities is poorly studied. Many works point out the necessity of
understanding the residents’ values to study this issue [47,60,61]. Our study showed that
in the part of the initiatives that do not affect the respondent personally but potentially
provide more comfort and mobility, differences in assessments were not significant in
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all value clusters. Simultaneously, here was the greatest support for these innovations.
In this regard, our analysis of the empirical data obtained only partially confirmed the
hypothesis (H1).

At the same time, in the same value clusters, these environmental transport innova-
tions would require the respondent to incur extra charges (paid parking, speed limits, and
changes in the street and road network), sharply reducing the support of such innovations
by the respondents. Here was also noted the widest scatter in assessments, depending
on the values, which demonstrates a partial confirmation of the hypothesis put forward.
In addition, although some researchers [20,58,59] emphasize that citizens play a key role
in the process of sustainable transport development because they actively participate in
implementing them and the influence of their selfish motives should be considered, which
is consistent with the problem of acceptance of innovation described in the literature [2,3].

The literature indicates that addressing congestion, air pollution, and greenhouse gas
emissions requires an increased demand for innovative transportation policies [53-55],
which is impossible without the support of residents. Our results showed a high level
of personal responsibility of residents for the environmental situation in the city as a
result of the development of the urban transportation system (H2 was confirmed). The
share of respondents who agree or agree in the aggregate exceeds 80% for all selected
value clusters. It is especially important given the Russian specifics described in the
Literature Review section. The results obtained are consistent with the studies presented in
the literature, which note that implementing innovation within the smart city concept is
impossible without population participation, which is expressed in opinions, assessments,
and suggestions [37-44].

Since residents’ perception of the environmental situation is subjective, individual
characteristics and values can influence it. The literature notes that residents’ attitudes
toward levels of air pollution and other types of pollution underlie decision-making [56,57].
In addition, the literature often uses clustering in the context of studying attitudes toward
climate change and air pollution [78]. In contrast to other researchers, in our work, we
used values to cluster the respondents. We analyzed their differences in the attitude to
urban innovation for the sustainable development of the urban public transport system.

The comparison of subjective perception of the environmental situation in the city and
the actual environmental conditions confirmed the hypothesis (H3). In conditions when
objective data shows that the environmental situation in the city is improving, residents
believe that the situation has worsened. Such a subjective perception of the environmental
situation by the residents carries the problem of inertia to cope with the changes, which
certainly negatively affects the residents” opinion on the actions of the authorities. The
result obtained demonstrates the gap between perception and reality, and perhaps the
resulting inertia is associated with poor coverage of environmental changes in the city by
the media. We believe that additional research is needed to investigate the causes of the
mismatch between perception and reality.

6. Conclusions

Based on the results of our empirical research on a sample of 2275 respondents, it was
demonstrated that the following values were most relevant for the respondents: Safety—
3.38 points; Independence—3.22 points; Conformity—3.21 points. The least corresponded
to the respondents’ values: Power—1.8 points; Stimulation—1.8 points.

Based on the analysis results of the sizes and profiles of the clusters (mean plots), we
can characterize the clusters concerning the basic values of the respondents as follows:

1st cluster (21% of respondents)—Ambitious traditionalists who strive to achieve a high
position in society and hold traditional views;

2nd cluster (33%)—Concerned for safety respondents who strive for safety, position in
the society is not important;

3rd cluster (28%)—Apathetic individualists who are not interested in equal rights and
care of others;
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4th cluster (17%)—Courageous, going their way respondents who strive to develop and
get satisfaction from life, not interested in security and traditions.

Among the representatives of the clusters, the highest proportion of respondents
agreed with the actions of the authorities in the following areas:

1st (Ambitious traditionalists)—a large proportion agree on all directions (from 85 to
91%), except for paid parking lots (65%), changes in the street and road network (73%) and
speed limits (76%);

2nd (Concerned for safety)—a large proportion agree on all directions (88 to 91%) except
for paid parking (61%), changes in the street and road network (61%), speed limits (76%),
and development of public transportation services (78%);

3rd (Apathetic individualists)—a large proportion agree on all directions (from 86 to
89%) except for paid parking (50%), changes in the street and road network (64%), speed
limits (66%), and development of public transport services (75%);

4th (Courageous, going their own way)—a large proportion agrees in all directions (from
85 to 91%), except for paid parking (44%), changes in the street and road network (55%),
speed limits (64%), development of public transport services (77%) and restrictions for
passage of trucks (79%).

The largest proportion of dissents is on paid parking (from 27% for Cluster 1 to 46%
for Cluster 4), speed limits (from 18% for Cluster 2 to 29% for Cluster 4), and changes to
the street and road network (from 11% for Cluster 2 to 21% for Cluster 4).

6.1. Theoretical Implication

The important theoretical implications of our study are as follows: First, based on
the literature and collected empirical data, our study provided a basis for using Schwartz’s
value theory [67,91,93] to examine residents” attitudes toward environmental development of urban
public transport. The literature review demonstrated an emerging need for research capable
of identifying and analyzing problems and seeking innovative solutions to existing urban
public transport problems [6]. The study’s novelty is due to, first of all, identified cause-
and-effect relationships between values and the reaction of individuals to environmental
initiatives aimed at the sustainable development of urban public transport systems.

Second, the study results shed light on the reasons for the differences in respondents
attitudes toward the actions of city authorities to develop environmental transport. In
general, the analysis of the study results allows us to conclude that the attitude to the actions
of the city authorities, aimed at improving the environmental situation by changing the
transport system, will differ among residents with different values. The initiatives that do
not personally affect the individual and do not require efforts on the part of the individual
to change his transportation behavior find the unanimous support of the environmental
initiatives of the city authorities for the development of sustainable urban public transport.
For such initiatives, the level of support ranges from 85% to higher in all clusters.

At the same time, environmental transport innovations that require additional ef-
fort from the respondent sharply lose their support, and we observe differences in the
perception of such initiatives in the value clusters.

Thus, understanding the importance of taking into account the opinion of residents in
the development of the metropolitan transport system, as presented in the literature [49-52],
should be understood that any innovations that require changes in individuals behavior
restrict or control their transport behavior, and require additional costs on their part, will
meet resistance even if they change people’s mobility towards sustainable mobility. There-
fore, we can assume that residents’ inertness and unwillingness to change the consumer
patterns of transport behavior actively do not increase demand for innovative transport
policy, and there is a need for stimulating measures.

Third, our comparative analysis of the objective state of the urban environment
and subjective assessments of the residents of this state showed significant differences
between the real state and perception. When the environmental situation in the city
improves, residents believe that it has become worse. The obtained result opens a new area

’
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requiring scientific research and identification of factors that could scientifically explain
these differences and suggest ways to bridge the existing gap.

6.2. Practical Implication

In turn, the identified inertia of perception of environmental change requires increased
efforts from the city authorities to overcome it, including additional communications to
inform residents about the metropolis’s environmental situation.

As other practical consequences of our study, it should be noted that our data allow
us not only to record the respondents” attitudes towards the environmental transport
initiatives of the city authorities but also to understand the nature of their reactions,
which means there is an opportunity to build a proper dialogue with the public and find
explanations for people with different values of life. In our opinion, such an approach will
help avoid and more easily overcome resistance to introducing environmental transport
solutions in the metropolis.

It was also found that residents, referred to different value clusters, are ready to share
responsibility for the environmental situation in the city on an equal footing with the
city authorities, which is important to implement transport environmental innovations in
the city, especially considering the Russian historical specifics, where residents passively
observed the actions of the authorities and did not actively participate in the changes aimed
at sustainable development.

We expect municipal authorities and transportation companies to use our findings to
plan communication campaigns with city residents when implementing environmental
initiatives, which greatly facilitates their adoption. In our opinion, this work contributes
to a better understanding of the factors that determine users’ perception of sustainable
development of the urban public transport system.

6.3. Limitations and Study Forward

The study was conducted when the pandemic was developing, and city authorities
recommended limited contacts, which could have influenced the bias in respondents’ esti-
mates. An online internet survey was used as the survey platform, which could also have
influenced the relevance of respondents” answers. According to the research methodology,
the sample’s representativeness was controlled by such demographic indicators as age and
gender. Other socio-demographic indicators used to describe the cluster profile were not
specifically controlled. At the same time, the analysis of the socio-demographic profile of
the respondents showed that the higher education status was widespread across the whole
sample, which could affect the results obtained. This fact should also be attributed to the
limitations of the study.

In addition, the lack of a basis for comparing respondents’ attitudes in past periods
regarding the environmental situation reduces the opportunity for comparative analysis.
The authors see the way forward of the research in studying the influence of value and
socio-demographic indicators on residents’ attitudes to the environmental problems of
urban transport.
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