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Abstract:

City authorities are taking action to increase public transport attractiveness. More and more
innovative solutions are being introduced. Therefore, the research was aimed at answering the
question: have innovations improved residents' quality of life in their opinion. The research was
conducted in one of the Polish cities due to the number of introduced innovations. Surveys were
carried out, which showed that the introduced innovations improve the quality of life of residents. In
their opinion, innovations most influencing their quality of life are connected with security and travel
comfort. Innovations connected with the environment and availability of information play also an
important role.
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Introduction

The literature indicates that the increase in the wealth of the Polish society affects the greater
accessibility of individual transport to the users. Thus, the demand for public transport services is
decreasing. Cities are becoming increasingly crowded with cars, which may lead to their transport
paralysis. At the same time, the inhabitants bear the costs related to the negative impact on their
health and natural environment (Barcik and Jakubiec, 2014), (Proost and Van Dender, 2012). The key
to reversing this trend may be the introduction of innovative services and solutions that meet the
needs of public transport passengers (Tsafarakis et al, 2019), (Trippner-Hrabi and Podgérniak-
Krzykacz, 2018). It should be emphasized that the improvement of the residents' quality of life may
be the consequence of reversing the trend of increasing the share of individual transport in mobility
within cities.

The issue of quality of life is widely discussed in the literature on the subject (Pukeliene and
Starkauskiene, 2011). Some researchers express the opinion that no other topic is so frequently
discussed (Shek, Chan and Lee, 2005). This concept is considered from the perspective of various
sciences (Shek, Chan and Lee, 2005), e.g. medicine (Kane, 2003), ecology (Ims, 2018), or economic
sciences (Vargas-Hernandez, 2016). Moreover, specialised journals are dealing with the quality of
life, such as "Quality of Life Research" or "Applied Research in Quality of Life". Due to the
differences between scientific disciplines, it is not possible to develop a commonly accepted
definition of quality of life. However, there is a consensus in the literature on the subject, with some
reservations (Shek and Lee, 2007), that quality of life can be understood as “as the set of factors
which contribute to the general well-being of people in terms of personal satisfaction with happiness,
health, safety, intellectual and cultural preferences, financial security, family life, job satisfaction, etc.
Quality of life has been defined as the level of satisfaction with an individual’s conditions,
relationships, and surroundings relative to the available alternatives” (McGregor and Goldsmith,
1998), (Wallander, Schmitt and Koot, 2001).
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Quality of life is also important from the perspective of sustainable development (Eusuf et al., 2014).
By integrating the natural environment into the socio-economic development of a region, country, or
in the global perspective, the whole world, it is possible to improve its condition and thus the quality
of life of people (Skowronski, 2006). The quality of human life cannot be considered in isolation
from the quality of the natural environment in which humans live (Khasaev et al., 2019).

Within the framework of European Union policy, the importance of improving quality of life and
pursuing sustainable development can also be noticed. This is expressed, inter alia, through the
European Mobility Week campaign. In fact, “since 2002 it has sought to improve public health and
quality of life through promoting clean mobility and sustainable urban transport. The campaign gives
people the chance to explore the role of city streets and to experiment with practical solutions to
tackle urban challenges, such as air pollution”(7he campaign, 2019). Moreover, at the strategic level,
there are documents such as the Europe 2020 Strategy, which in its assumptions determines the need
to support innovation, intelligent and sustainable development and counteracting social exclusion
(EUROPE 2020 A European strategy for smart, sustainable and inclusive growth, 2010).

Schumpeter pointed out that innovation affects the quality of life. There are publications confirming
the opinion of that author (Woodside, Bernal and Coduras, 2017). Therefore, it can be presumed that
innovations related to sustainable urban transport can also improve the quality of life.

In the literature, studies are linking the quality of life to transport, e.g. on transport policy in ageing
society (Metz, 2003), or generally on the impact of urban public transport on the quality of life of
urban residents (Ciobanu, Bugheanu and Ciobanu, 2015), (Wann-Ming, 2019), (Ismail et al., 2012).
It is indicated that appropriate solutions in public transport, responding to the needs of residents, may
contribute to the improvement of their quality of life (Przybyta, Kulczyk-Dynowska and Kachniarz,
2014). So, we should know the importance of innovation for residents (Tsafarakis ef al., 2019). At the
same time, it should be emphasized that the comprehensive improvement of the quality of life only
through the development of sustainable transport is insufficient (Wann-Ming, 2019).

In the authors' view, the impact of public transport innovation on the quality of life of passengers
should be investigated, as it is an area that requires in-depth analysis. There are papers which try to
rank innovation in public transport (Nalmpantis et al., 2019), (Tsafarakis et al., 2019), and are based
on people's opinions. However, they are not investigating the quality of life and are not focused on
passengers who are using those innovations on an everyday basis. This paper closes this research gap.

The results of the local government elections in Poland in 2018 proved that issues related to public
transport are important for voters. They occupied the central positions in the programs of candidates
for mayors. Those of them, including the former mayors, who cared about systematic and planned
development of urban transport, usually either won in the first round or were elected in the second
round (Gromadzki, 2018).

There are examples of cities in Poland where efforts have been undertaken to make public transport
more attractive. For example, 198 electric buses were registered in Poland in July 2019. Most of them
were registered in the following cities: Zielona Gora 43 buses, Warsaw 31 buses, Krakow 26 buses,
Jaworzno 24 buses, Inowroctaw 10 buses, Stalowa Wola 10 buses, Szczecinek 10 buses, Rzeszow 10
buses (“E-bus counter in Poland” 2019). Electromobility is, at present, a subject of particular interest
among leading world economies (Altenburg, Bhasin and Fischer, 2012). Therefore, it is not
surprising that also in Poland, steps are being taken to increase the share of electromobility in urban
transport.

Zielona Gora may be considered the city with the highest number of introduced innovations in the
context of urban transport and sustainable development.

The electronic boards informing about the actual departure time of buses were introduced in 2005. It
was the first city in the country where this solution was applied. The interchange station was opened
in 2019. The first electric buses appeared in Zielona Goéra in 2018. From amongst the fleet of 100



vehicles in Zielona Goéra, 43 buses are electric. They performed about half of the transport work in
August 2019. 2018 was also the first year when free rides for students up to 20 years of age were
introduced. Furthermore, the buses are equipped with video monitoring and some of them with
defibrillators. Passengers can also use an interactive map indicating the position of the vehicles, the
type of vehicle (electric) and the availability of a defibrillator on the bus. Additionally, it is possible
to purchase tickets via mobile applications. The residents have also been provided with an option if
an electronic ticket, the so-called e-card. All of the above changes are innovative solutions in the area
of public transport in Zielona Gora.

The aim of the research was to identify, analyse and evaluate the impact of the introduced innovative
public transport solutions on the passengers’ quality of life. The research was conducted in Zielona
Gora due to the diversity and number of introduced innovations.

Materials and Methods

Based on the analysis of the literature, the factors which theoretically influence the quality of life in
the context of urban transport innovation were identified. The factors were also selected on the basis
of the objectives to be achieved by the introduced innovations in urban transport in Ziclona Géra. The
analysis of the documents related to the introduced innovations showed that the undertaken actions
were to reduce the noise level, to improve the air quality, to improve the safety and to facilitate the
use of public transport. The list of factors was supplemented by the following elements related to the
quality of life:

- safety (Pukeliene and Starkauskiene, 2011), (Cummins, 2000);

- material well-being (Pukeliene and Starkauskiene, 2011);

- accessibility of urban transport information for older adults (Hounsell et al., 2016);

- reduction of the negative impact of transport on the environment (Nosal and Starowicz, 2010);
- noise (Duarte and Tamez, 2009);

- comfort (Fellesson and Friman, 2012), (Putra and Sitanggang, 2016).

Due to the similarity criterion, it is possible to combine noise and reduction of the negative
environmental impact of transport into one factor, which has been done.

As it was mentioned in the introduction section, there are nine types of innovation in the analysed
city.

The survey was conducted among public transport passengers between 21.08 and 07.09.2019. The
information about the survey was published on the website of the Municipal Department of
Communication (MZK) in Zielona Géra and in the social media of the carrier. The respondents filled
in an online form. The formulas in the questionnaire were consulted during trial tests. As a result, the
decision was made to change the content of some of the questions in order to make them more
understandable for the recipients.

The questionnaire consisted of 23 research questions covering factors influencing the quality of
passengers' lives. A metric examining demographic data was also included. In the first part, the
respondents were asked about the impact of introduced innovations on their quality of life. The 5-
point Lickert scale was applied, where 1 meant a very negative impact on the quality of life, whereas
5 meant a very positive impact on the quality of life. For example, passengers were asked about the
impact of electric buses on their quality of life. In the second part, the respondents were asked to link
an appropriate statement relating to a given factor (eg. safety). For example, they were asked do the
bus defibrillator affect their safety? The 5-point Lickert scale was also used here, where 1 meant that
it did not improve at all, and 5 meant that it improved to a very large extent.

More than 400 people took part in the survey. If we take as our confidence level 95%, with unknown
faction size (assuming 0.5) and a maximum error of 5%, knowing the population size - 60,000 users
of public transport per day, then the minimum number of people in the study should be 382.



Therefore, it should be assumed that the research sample, with the given assumptions, is
representative, and the results obtained on the sample can be extended to the whole population. It
should also be emphasized that only questionnaires completed in full and correctly were accepted,
those with gaps or errors were rejected. We gained 400 questionnaires and used IBM SPSS to all
statistical analysis.

Since the questionnaire was the researchers' original concept, its reliability was analysed by
calculating the coefficient alpha. The questionnaire consisted of two types of scales. Scalel included
questions concerning the impact of the applied innovations on the quality of life, Scale2 measured the
change in the level of quality of life indicators after the introduction of innovative changes in urban
transport.

Table 1. Cronbach’s Alpha for Sale 1 and Scale 2.

Scale Cronbach’s Alpha Number of items
Scale 1 .740 7
Scale 2 .740 7

Source: own work.

Cronbach’s alpha is a measure of internal consistency, that is, how closely related a set of items are as
a group. It is considered to be a measure of scale reliability. The results presented in Table 1 indicate
that an acceptable level of statistics of Cronbach’s Alpha was obtained (reliability coefficient of .70
or higher is considered “acceptable” in most social science research situations), and therefore the
questionnaire can be considered reliable.

The study involved 231 women and 169 men, whose age ranged from 18 to over 65 years, as shown
in Table 2.

Table 2. Age of the respondents.

Age Number of respondents
18-30 230
31-45 94
46-65 59
over 65 17

Source: own work.

The majority of respondents, 343 out of 400, indicated Zielona Gora as their place of residence. The
level of education is presented in Table 3.

Table 3. Level of education of respondents.

Level of education

Number of respondents

Elementary 3
Lower secondary 26

Vocational 22

Secondary 171

Source: own work.

Results

Literature studies have indicated that there are factors linked to innovation in urban transport that can
improve the quality of life of the users. The performed theoretical analysis resulted in the formulation
of the main research hypothesis: H1: There are statistically significant relationships between groups
of innovative factors and measures of the quality of life of urban transport users.



We have nine introduced innovations: 1. electric buses, 2. integrated interchange station, 3.
surveillance system on city buses, 4. availability of a defibrillator during travel, 5. option to buy
tickets through mobile applications, 6. free rides for students up to 20 years of age, 7. information
about current GPS positions of buses via the website, 8. electronic bus stop boards, 9. introduction of
an electronic ticket (e-card).

Aggregation of these innovations (factors) using factorial analysis with Varimax rotation was
proposed. So there is need to check if conditions for factors analysis are fulfilled. Kaiser-Meyer-

Olkin Measure of Sampling Adequacy and Bartlett's test of sphericity should be done.

Table 4. Kaiser-Mayer-Olkin’s and Bartlett’s tests.

KMO measurement of sample selection adequacy 794
Bartlett's test for sphericity Approximate chi-square 551.138
Df 36
Relevance .000

Source: own work.

The Kaiser-Mayer-Olkin’s test with high values (close to 1.0) indicates that factor analysis may be
useful with provided data. If the value is less than 0.50, the results of the factor analysis probably
won't be beneficial. Bartlett’s tests with small values (less than 0.05) of the significance level indicate
that factor analysis may be useful with provided data. Results in Table 4 show that conditions for
factorial analysis are fulfilled.

Factor analysis is used to identify variables called factors that explain correlation patterns that occur
within sets of observed variables. Factor analysis is often used in data reduction to identify a small
number of factors explaining most of the variance observed in a large number of variables. Varimax
method allows minimizing the number of variables with high factor loadings by orthogonal rotation.
This simplifies the interpretation of the factors.

The applied factor analysis with Varimax rotation showed the existence of 2 new bundles of factors.
The first bundle of factors include: the surveillance system introduced on the buses, availability of a
defibrillator, introduction of electronic tickets (e-card), electronic bus stop boards and the possibility
to buy tickets through mobile applications. The second bundle of factors is burdened with the
following wvariables: the integrated interchange centre, electric buses, free rides for students,
information about the current GPS position of buses via a website.

In conclusion, the conducted factor analysis with Varimax rotation resulted in the aggregation of nine
factors into two factor beams. According to the method of main-factors components identification,
the first one consists of 5 factors, and the second one consists of 4 factors. The statistical analysis and
the results of Kolmogorov-Smirnov's test with Lilliefors correction for n=400 amounted to 0.161 and
0.111 for Componentl and Component2, respectively. The o value in both cases was lower than 0.05.
That indicates that the distribution of new variables is not similar to the regular distribution.

In order to verify the primary research hypothesis H1: There are statistically significant relationships
between groups of innovative factors and measures of the quality of life of urban transport users, four
auxiliary hypotheses were formulated and then subjected to statistical tests. The first and second
auxiliary hypotheses referred to the relationship between Componentl and the quality of life aspects
studied: HpP1: There is a relationship between Componentl and the improvement of the quality of
life of the population, HpP2: There is a relationship between Componentl and the improvement of
the quality of life in the four areas of the standard of living. The results of the rho-Spearman
correlation test for an alternative hypothesis to the studied hypothesis indicate that there are
statistically significant monotonous relationships between all the variables studied. The values of
correlation coefficients are shown in Table 5.



Table 5. Correlation test for Component]

Value R Relevance at the Interpretation
level of 0.01

Componentl Level 0.613 0.000 Correlation high-
of security dependence high
improvement
Componentl Level 0.371 0.000 Low correlation - clear
of environment dependence
improvement
Componentl Level 0.424 0.000 Moderate correlation -
of availability of significant dependence
information
improvement
Componentl Level 0.370 0.000 Low correlation - clear
of travel comfort dependence
improvement
Componentl Level 0.558 0.000 Moderate correlation -
of quality of life significant dependence
improvement

Source: own work.

When interpreting the rho-Spearman ranks' correlation coefficients, it should be noted that the
strongest correlation occurs between Componentl and the level of safety improvement. The
relationship between Componentl and the general level of improvement in the quality of life of the
inhabitants is considered to be significant. The second and third auxiliary hypotheses referred to the
relationship between Component2 and the quality of life aspects studied: HpP3: There is a
relationship between Component2 and improving the quality of life of the population, HpP4: There is
a relationship between Component2 and improving the quality of life in four areas of the living
standard. The results of the rho-Spearman correlation test for the alternative hypothesis with respect
to the hypothesis under investigation indicate that there are statistically significant monotonic
relationships among all the variables studied. The values of correlation coefficients are shown in
Table 6.

Table 6. Correlation test for Component2

Value R Relevance at the Interpretation
level of 0.01

Component2 Level 0.319 0.000 Low correlation - clear
of security dependence
improvement
Component2 Level 0.501 0.000 Moderate correlation -
of environment significant dependence
improvement
Component2 Level 0.524 0.000 Moderate correlation -
of availability of significant dependence
information
improvement
Component2 Level 0.576 0.000 Moderate correlation -
of travel comfort significant dependence
improvement
Component2 Level 0.670 0.000 Correlation high-
of quality of life dependence high
improvement

Source: own work.



When interpreting the rho-Spearman ranks' correlation coefficients, it should be noted that the
strongest correlation occurs between the Component2 and the level of improvement in the quality of
life in general. The relationship between Component2 and the level of safety improvement is
considered to have a low degree of correlation. The link between the examined component and the
other measures of improvement in the standard of living level is considered a significant relationship.

In the course of the survey, the respondents were asked to determine the degree of improvement in
the quality of life in the following areas: the improvement of the security level, the improvement of
the environmental conditions level (natural environment), the improvement of the availability of
information level, the improvement of the travel comfort level. The appropriate measures were
assigned to the above mentioned areas. The respondents were asked to assign an appropriate
statement to a given measure in a particular area. Answers were marked on the 5-point Likert scale.

Table 7. Scale

Answer code Meaning
1 Has not improved in any way
2 Has slightly improved
3 Has moderately improved
4 Has improved to a large extent
5 Has improved to a very large extent

Source: own work.

Surveys showed that the highest average value was achieved in the level of improvement in the
travellers' safety. The average of the responses amounted to 4.45, which means that safety had
improved significantly since the introduction of the innovations in public transport. The area of the
improvement in a natural environment, at the time of the survey, was determined at the level of 3.14,
which implies that respondents moderately feel the level of improvement in air quality or noise
reduction. After the introduction of innovative solutions in the field of transport services, the level of
accessibility to information improved significantly, which was estimated at the level of 4.27. The
level of travel comfort, according to the respondents, improved on average at the level of 3.58. The
analysis of the obtained answers indicates that in general the level of improvement in the quality of
life of the inhabitants after the introduced changes was estimated to be 3.93, which means that the
users of public transport experienced improvement in the quality of life level to a large extent.

Discussion

There are other studies that assess innovations in public transport. For example, (Tsafarakis et al.,
2019) show that the most important innovation is “Real-time travel information at Public Transport
stops”. In turn, (Nalmpantis et al., 2019) show that “enabling a seamless journey, using the best
possible connections and the most suitable transport modes, provided through one interface, such as a
platform that brings together different types of transport options and the provision of real-time
transport information” has the highest score in terms of utility. In our research “availability of
information” is also significant. Passengers in Zielona Gora are happy with electronic boards
informing about the actual departure time of buses. In their opinion, it is one of the most important
innovations.

There are other similarities too. One of the most important innovation is connected with tickets.
People appreciate special prices for commuters (in our research: free rides for students) and advanced
e-ticket system.

We have found additional innovations connected with the environment and with safety. Respondents
say that the surveillance system and defibrillator have a positive impact on their quality of life. They
think electric buses reduce noise and increase travel comfort.



It seems that other cities authorities when buying new buses should focus on buying electric ones
with the surveillance system and provided with a defibrillator. That will increase the quality of life. In
their mind should be advanced e-ticket system, with the possibility of mobile payments. Passengers
will appreciate real time traffic information at bus stops too.

Further research should focus on conducting it on a larger sample, e.g. national or in comparison with
other countries. This may be problematic as different cities have implemented different numbers of
innovations in public transport. Other factors, i.e. those not examined by the authors of this article,
may also be taken into account.

It should be noticed that the survey was based on the opinions of respondents. So there are some
limitations. Hence, it is possible that respondents could give opinions without thinking more deeply
about the questions. It is also essential that the respondents may not have had the same experience
level as the introduced innovations. For example, some use them every day, others occasionally. The
circumstances in which the subjects filled in the form were also significant.
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