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Abstract

Personal choices can be changed by educating citizens. Education and learning are decisive factors in shaping the society and its
spatial forms, where higher education level is an important proxy to assess the awareness level of people about current issues, such
as sustainable transportation. Linking education and travel behaviour can inspire future urban policies to provide modal shift towards
sustainable modes. The paper aimed to evaluate the influence of education level on mode choices for 45 cities from 29 countries.
In general, education level was controlled by population density and GDP per capita, which are the parameters significantly influencing
travel behavior. The main result has demonstrated that an increase in the higher education level is connected with dropping the modal
share of driving in cities more than any change in other studied factors, while an increase in population density reduces driving more

than an increase in GDP per capita. The results have been assessed and it was showed that higher education level considerably affects

travel mode choice in cities. Thus, educating citizens is an important path to reduce car dependency.
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1 Introduction

1.1 Importance of education

Education is imparting, acquisition and construction of
knowledge (e.g., know-what, know-why) including facts,
representations, meanings and values as structured infor-
mation about the world (Andr¢ et al., 2012). Education and
learning are decisive factors shaping the society and its
surroundings in a dynamic way. Educating citizens was
presented as one of the hopeful paths for providing sus-
tainable development in one of the United Nations final
reports (Carolee and Heather, 2014). The report indicated
that learning and teaching are important themes, which are
connected to climate change, and sustainability, which can
increase the awareness level in a society and, in turn, this
influences personal choices. A higher education level is
an important proxy used in literature to assess the aware-
ness level of societies with the current issues in a mac-
roscopic way. An analysis was conducted to assess how
attitudes of people and the education level are connected
using a large cross-national database of the International
Social Survey Program (ISSP) (Clery and Rhead, 2013).
The obtained results showed that the level of education is

well-correlated with environmental concerns, even when
other socio-demographic factors were considered. Also, a
report by OECD (Feinstein et al., 2006) demonstrated that
the growing average education level improves the overall
health care in a society. Transportation is a major reason
of health issues and climate changes (International Energy
Agency, 2011; Khreis et al., 2017), which indicates that
education can influence travel patterns. Analyzing these
connections and potential effects is valuable when creat-
ing future urban polices.

1.2 Background

One research was conducted using the Dutch National
Travel Survey database of 28419 senior citizens (peo-
ple aged 50 and over) to examine various leisure activi-
ties (Schwanen et al., 2001). The analysis demonstrated
that the education level is positively correlated with pub-
lic transport mode choice for leisure trips. A paper inves-
tigated how some characteristics in a society affect the
travel mode choice based on the travel survey conducted
in the Netherlands dataset for the 6630 long distance
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trips (Limtanakool et al., 2006). The results confirmed that
highly educated commuters showed the highest tendency
to travel by public transportation, instead of travelling
by car. One cross-sectional work studied commute mode
choices in southern Sweden in 2012 based on a survey con-
ducted with 7574 commuters (Mattisson et al., 2018). The
results demonstrated that the urban mode share of highly
educated commuters was the highest for public transit, fol-
lowed by non-motorized modes, and private vehicles.

One study analyzed non-motorized commuting based
on the American Housing Survey in which 3243 commut-
ers participated (Plaut, 2005). The analysis demonstrated
that the non-motorized commuters were higher educated
than car commuters, especially in the case of cycling.
Another paper focused on predicting walking and cycling
modal shares based on a dataset from the Netherlands,
containing 2000 households (Ton et al., 2019). The results
indicated that higher educated people utilized bike more
than people with a lower education level. Another study
was conducted in urban areas of the United States to inves-
tigate socio-environmental factors and individual atti-
tudes regarding how people use bikes (Handy et al., 2010).
Higher education was positively correlated with cycling.

Car-sharing is one of the key strategies aiming at
reducing car usage. One study investigated how the mem-
bership potential of car-sharing programs and the socio
demographic factors were connected in Quebec City for
4764 members (Coll et al., 2014). The obtained results
indicated that car-sharing was widely used only by cer-
tain user groups, such as people with higher education.
Similar findings were observed in another study, where a
survey of 2800 people in the US was analyzed, in which
the highly educated participants had a higher tendency to
use car-sharing services (Dias et al., 2017).

1.3 Aim of the study

There is an abundant amount of mode choice analysis in
literature considering many socio-demographic variants.
However, the least pronounced one is the education level.
The related literature represents only the side findings of
the researches and local analysis. Our hypothesis is that
highly educated communities would put a higher value
on protecting the environment in connection with sup-
porting more sustainable ways of transportation. To test
this, we consider the higher education level as the basis of
the study and conduct a global analysis to ensure a broad
overview. The aim was to assess the effect of higher edu-
cation level on travel mode choice for 45 urban areas from

29 countries. Additionally, higher education level was
controlled by Gross Domestic Product (GDP) per person
and population density of the cities, which significantly
influence travel behavior. The manuscript is structured in
the following way: Section 2 is about data collection, data
processing and the applied methods. The results are shown
in Section 3. Then the discussion is processed in Section 4,
finally Section 5 provides a summary.

2 Methodology

2.1 Data collection and processing

This study aimed to assess an open and comparable data-
set from major global cities and to process and correlate
the collected data. Mode choice, higher education level,
population density, GDP per capita and other parameters
have been used, 45 cities from 29 countries were examined.

Commuting modal share of the urban areas was collected
from different sources, such as regional statistical offices and
local studies. The dataset for the car modal share, the pub-
lic transportation modal share and the active modal share
was deducted using a few sources (Eurostat; Development
Bank of Latin America (CAF); European Platform on
Mobility Management; United States Census Bureau;
Fietsberaad, 2009; Land Transport Authority, 2014; Citta
Metropolitana di Bologna; Seoul Metropolitan Government;
Sootfreecities) for various cities between 2008 and 2016.

Higher education level (EDU) data is interpreted
as post-secondary attainment for inhabitants between
24—64 years old and collected from many reports (Eurostat;
Development Bank of Latin America (CAF); Seoul
Metropolitan Government; United States Census Bureau,
National Statistics Center, Japan) for the cities. All data is
expressed as the percentage of post-secondary attainment.
However, the quality of education is not considered in this
study which may cause some inaccuracy.

Population density and GDP per capita were also con-
sidered as other major factors, since urban form and
economy level have high influence on travel patterns,
which has been demonstrated in a high number of stud-
ies (Bhat, 1997; Chen et al., 2008; Crane, 2000; Dingil et
al., 2019a; Ewing and Cervero, 2010; Handy, 1996; Hensher
and Rose, 2007, Limtanakool et al., 2006; Santos et
al., 2013; Vasconcellos, 2005). These factors are collec-
tively referred to urban indicators. Gross Domestic Product
(GDP) per person and population density databases are
used from a paper (Dingil et al., 2018) considering the cit-
ies. Population density used as population per square kilo-
metres and the values of GDP were represented as an



average value considering 2010-2014 in US dollar. In the
case of some cities, where GDP per capita and population
density were missing, the dataset was provided using some
reports (Bouchet et al., 2018; Citypopulation). Some inac-
curacy may occur due to the data compatibility problems,
which are the data mixing resulting from using various open
source databases and from using specific years.

2.2 Applied methods

The method of measuring correlation was conducted to iden-
tify the potential connection between travel mode choice
and other urban variables. Correlation method is a bivari-
ate analysis and there are three types of correlation meth-
ods commonly used in literature that are Pearson, Kendall
and Spearman. The strength and the direction of associa-
tion between two variables can be measured by correlation
analysis. Spearman and Kendall rank correlation measures
are non-parametric tests measuring the degree of mono-
tonic relationship that do not have any assumptions about
the data distribution while Pearson correlation measure is a
parametric test measuring the degree of linear relationship
with the consideration of the data distribution. Spearman
and Kendall measures are the proper representative meth-
ods for the ranked data and should not be over interpreted
as a significant measure for the direct relationship (Hauke
and Kossowski, 2011). Also, the correlation coefficients of
Pearson, Kendall and Spearman measures are generally
close to each other, therefore the safer approach to take into
account is the lower value (Hauke and Kossowski, 2011).
Following these, the Pearson correlation method was used
in the analysis section here as our database is original
numeric (not ranked) and the correlation coefficient values
was lower for the Pearson coefficients. Similar approach
has been used in travel behavior literature for numerous
other cases (Hunecke et al., 2001; Matthies et al., 2002;
Garvill et al., 2003; Klockner and Matthies, 2004; Klockner
and Blobaiim, 2010; Dingil et al., 2019b). The Pearson
Correlation Analysis is the best method of measuring the
strength of a linear association between two variables as
the method is based on covariance. The Pearson correlation
value varies between +1 and —1. The Pearson correlation
coefficients are interpreted in Section 3, thereafter we also
tested the linearity assumption with a scatterplot for the high-
est correlation value (the car mode share over the higher edu-
cation level). In case of high correlation coefficients between
modal share and other urban variables, the multiple linear
regression modelling was conducted to predict modal share.
Linear regression attempt is a type of predictive analysis,
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which supports modelling the linear connection of vari-
ables (independents and dependent ones). This is realized by
adjusting a linear equation using the observed dataset. The
approach was to estimate the dependent variable and used
to determine the strength of predictors and the impact of
predictor changes on the dependent variable. The car modal
share was predicted under a perfect statistical significance
with the multiple linear model. Thereafter, the assump-
tions of normality and the absence of multi-collinearity has
been tested in order to understand how the multiple linear
model is reliable to predict the car modal share. Normality
test was performed in order to understand weather the inde-
pendent variables are distributed normally or skewed. The
test was used to determine how much violation occurs from
the distributed independents when dealing with small data-
set. Multi-collinearity test was used to measure a state of
inter-correlations among the independent variables. The
occurrence of high inter-correlations among independent
variables can lead to skewed or misleading results.

3 Analysis and results

In this part of the paper, an analysis conducted to under-
stand the influence of the higher education level on the
urban travel mode choice with considering other urban
indicators in the investigated cities is presented.

3.1 Correlation analysis

In the first step, the Pearson correlation coefficients
between higher education level, GDP value, population
density, and travel mode choices were analyzed using the
dataset, then the results were assessed. Afterwards, a mod-
eling task were performed including mode choices based
on the higher education level while considering GDP val-
ues and population density. The SPSS 25 software was
used during the calculations to conduct an analysis with
Pearson correlation and linear regression, while the 95 %
confidence level was considered. Table 1 shows correla-
tion values between indicators while low correlation val-
ues, whose coefficients are below 0.2, were not presented.

Table 1 Coefficients of the Pearson correlation (R) of mode choice and
variables in an urban environment.

Education Population GDP per
level density capita
Car % —0.684 —0.625 0.367
Public transport % 0.619 0.594 —0.329
Bike % 0.450 0.651 -
Walking % 0.455 0.598 —0.412
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As a result, a strong negative correlation between the
higher education level and driving can be seen in Table 1.
Therewithal, the level of education has a positive correla-
tion with public transport usage and active modes. These
results confirm previous findings between the educa-
tion level and the mode choice (Schwanen et al., 2001;
Limtanakool et al., 2006; Ton et al., 2019), however in
our case with comparable data providing a holistic view.
The background of the results can be that individuals of
higher educated societies buy fewer cars, drive less, and
use sustainable transport systems more due to environ-
mental and health concerns.

Note that on a general level we did not find any signif-
icant correlation between GDP values and level of higher
education. However, a relevant connection between higher
education level and population density was found with a
coefficient of 0.52. This finding suggests that highly edu-
cated people live in a more densely populated cities.

As expected, population density has significant impact
on mode choice. A positive correlation between PT (public
transport) share and population density was found. Also, a
high correlation of negative aspect was observed between
car modal share and population density. The highest cor-
relation with the population density is seen for the combi-
nation of active modes (walking + bike) with a coefficient
of 0.73. Furthermore, the economy level is moderately
correlated with mode choice. In cities with higher GDP
per capita people drive more, use public transport less and
walk less at a moderate level. However, there is no signifi-
cant correlation between cycling and GDP per capita.

3.2 Regression analysis

To provide more detailed results considering the linear
assumption, car modal share and higher education level
were presented in a scatter graph. Fig. 1 demonstrates the
negative linear relationship between car modal share and
education level with presented city labels. A similar rela-
tionship but with a negative aspect was observed between
the public transport modal share and education level with
a slightly lower R2 value. The most beneficial connection
of the education level and car modal share is provided with
the shape of a linear function as defined in Eq. (1):

Car share =c+d*EDU. (1)

As it can be observed in Fig. 1, the evaluated cities
can be divided into 3 typical geographical regions. Cities
from the USA have in general higher car modal share,
mostly between 80 and 90 %. Washington has the highest

education rate with a more than 50 %, and one of the low-
est car usage percentage, which confirms our assumptions
in this paper. However, this value is still 75 %, which is
considerably higher than in case of other continents. In
addition, New York is not a typical American city, where
the car modal share is only 55 %, mostly because of its
very well-developed public transport system.

In the case of Europe, the average car modal share is
between 30 and 50 %. In most cities the basic correlation
between higher education level and car modal share val-
ues are valid. For example, in Budapest the education level
is 38 % and car has 35 %, and in Helsinki the education
level is 48 % and car modal share has 49 %, which is quite
straightforward. This positive effect of higher education
on sustainable mode choice is strongly apparent in Ziirich,
where citizens are highly educated (58 %) and at the same
time having low car usage values (33 %). In case of Rome,
the education level is very low (27 %), which is associated
with a high level of car usage (50 %), but it does not reach
the American values by far.

A few cities from Asia were also assessed. They con-
firm the theory of the paper, however, the differences are
bigger. Tokyo is a perfect example of highly educated cit-
izens (67 %) and low car modal share (12 %). In case of
Hong Kong the higher education level is moderate (47 %),
but the car usage is extremely low (8 %), which is caused
by economic and strategic regulations in the city.

To assess the mode choice in cities, multiple regres-
sion models were applied on the dataset, which contains
the higher education level (EDU), the GDP value per per-
son (GDP), and the population density (PD) that showed a
significant correlations with the car mode share (Eq. (2))
and the public transport share (Eq. (3)):

Car share =c+d*EDU +e*PD+f * GDP, ()
PT share =c+d*EDU +e*PD +f «GDP, 3)

Model 1 and Model 2 were expressed above with the
Egs. (2) and (3), respectively. R? of the presented models
are 0.62 and 0.52, respectively. R squared values are used
to understand how well the multiple regression models
fit the dataset. Both models present a good level of pre-
diction. The predictor variables explain 62 % of the vari-
ability of the dependent variable in Model 1 while the
predictor variables explain 52 % of the variability of the
dependent variable in Model 2. Also, Table 2 and Table 3
demonstrates ANOVA tables testing whether multiple
regression models present a goodness of fit for the dataset.



Dingil and Esztergar-Kiss

Period. Polytech. Transp. Eng., 50(1), pp. 49-57, 2022 | 53
Higher Education Level over Car Modal Share %
100
Detroit ;o :
'S Cincinnati
o ©
% San .:ntonio e  Houston fidanta
Phoenix OPittsburgh. Denver
80 o
Philadelphia® _, ® Portland
icago .
® Washington
2 70 :
v Fee e Lille
e
E 60 Dublin e Newcastle
@ ® o Newvork  ® Helsinki y = -1.9026x + 133.04
S s : S byon ; RZ=0.47
-g Roma @ Manchester o @ Tallinn =V
£ Bologna stockholm| Liubli
v 40 Lisboa 9. Jubljana Oslo
[} ® Berlin Paris™ . 4
o Budapest ¢ Munchen® Barce og,a'--.._ London o Zirich
® a .. @
30 Prag BMO  yyroreaw . - .(ien_e;_\_rf-.
Copenhgen .Sofia ™ Amster_c?rn
20 Seoul
® Tokyo
10 Hong Kong
°
0
25 30 35 40 45 50 55 60 65 70 75
Higher Education Level %
Fig. 1 Higher education level and the car modal share.
Table 2 ANOVA results (Model 1)
Model 1 Sum of squares df Mean square F Sign.
Regression 15218.107 3 5072.702 22.228 0.000
1 Residual 9356.767 41 228.214
Total 24574.875 44
Table 3 ANOVA results (Model 2)
Model 2 Sum of squares df Mean square F Sign.
Regression 7434.750 3 2478.250 14.309 0.000
2 Residual 6928.022 41 173.201
Total 14362.773 44

F-tests of the multiple linear regression have null hypoth-
esis where the presented models express zero variance
in the predictor variables. The F ratios are statistically
significance that the regression models present a signifi-
cant amount of the variance (p < 0.05). Both tables shows
that the predictor variables predict the mode choice vari-
able with a high significance. Both models are a good fit
of the data. Table 4 and Table 5 demonstrate coefficients
tables. Unstandardized coefficients (B) and the standard-
ized coefficients (Beta) are used to indicate how much
the mode choice vary with any predictor variable when

all other predictor variables were held constant. The units
of the parameters are different, for this reason, we took
into account standardized Beta coefficients for assessing
and comparing. The parameter presented in the tables: c,
d, and e were to explain any change in the modal share
due to an increase or decrease in the predictor variables.
This represents how much change occurred in the depen-
dent variable for each unit of change in the predictor vari-
ables (independent) while p-values determine whether the
observed relation can also exist in the larger same size. The
tables present outcomes of t-tests when using the specific
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Table 4 Coefficient results (Model 1)

Unstandardized coefficients

Standardized coefficients

Model 1 t Sign.
B St.error Beta
(Constant) 99.60 15.344 6.491 0.000
EDU-C —-1.373 0.313 —0.493 —4.382 0.000
: PDEN-D —0.003 0.001 —-0.315 —2.734 0.009
GDP -E 0.000 0.000 0.233 2.347 0.024
Table 5 Coefficient results (Model 2)
Model 2 Unstandardized coefficients Standardized coefficients . Sign.
B St.error Beta
(Constant) —-3.700 13.368 -0.277 0.783
5 EDU-C 0.919 0.278 0.490 3.308 0.002
PDEN -D 0.002 0.001 0.312 2.327 0.025
GDP-E 0.000 0.000 —-0.201 2.347 0.089

regression models (multiple linear) of N sample sizes. The
t-test results were only demonstrated for the car modal
share and the public transport modal share predictions,
because the statistical significance was very low for the
estimation of other modes. One can see the significance of
t test from Table 4 that all predictor variable coefficients
are statistically significance for Model 1 (p <.005). Also,
the higher education level and population density is sta-
tistically significance for the Model 2 (p < 0.05) while
GDP per capita is near significance (p = 0.08) in Table 5.
Nevertheless, the intercept, B0, is not statistically signifi-
cance for Model 2. The Model 1 provided an outcome that
the higher education level has a higher effect on dropping
the car modal share in cities than population density and
GDP per capita. An increase in higher education level
reduces the car modal share 2 times more than an increase
in GDP per capita boosts it. Looking into significant coef-
ficients in the Model 2, we can assume that an increase
in higher education level increases the public transport
modal share more than an increase in population density.

As the Model 1 is totally statistically signaficance, we
further provided additional statistical tests. Fig. 2 shows
that P-P plot for the regression of the multiple linear func-
tion model of Eq. (2). The plot graph determines, whether
the residuals are normally distributed or not. The plot indi-
cates that there is no drastic deviation and the model resid-
uals follow a normal distribution.

Table 6 demonstrates the Variance Inflation Factor (VIF)
and tolerance values from multi-collinearity test results
for Eq. (2). The VIF measures the extent of correlation
between one independent variable and the other indepen-
dent variables in the presented model. Since the value of

Dependent variable: The car modal share

Expected Cumulative Probability

] 02 0.4 06 08 10

Observed Cumulative Probability

Fig. 2 The P-P plot of regression standardized residual for Eq. (2).

Table 6 Results of multi-collinearity test for Eq. (2).

Tolerance VIF
D 0.733 1.364
E 0.702 1.425
F 0.943 1.060

tolerance and the Variance Inflation Factor are the inverses
of each other, 1 means that the predictor is not correlated
with other variables while the value 10 represents the max-
imum level of VIF, which shows that independent variables
are highly correlated. As VIF value increases and tolerance
value decreases, the less reliable the regression results are
going to be. As seen in Table 6, each VIF value is below 5



and tolerance value is above 0.2, indicating that the predic-
tion of car modal share is met perfectly.

4 Discussions
Social scientists and artists define the topicality of their
citizens using a specific interpretation (Van der Borg and
Russo, 2005). One recent quantitative analysis investigated
the consequence of cultural background on urban travel pat-
terns in worldwide cities from 41 countries using Hofstede's
culture parameters (Dingil et al., 2019b). The results has
shown that urban travel patterns were influenced signifi-
cantly by Hofstede’s three culture parameters. The first one
is called individualism vs collectivism, the second one is
uncertainty avoidance, and the third one is masculinity vs
femininity. These three parameters presented in Hofstede's
study (Hofstede, 1980) were defined as follows. The first
parameter was stated as the basic culture dimension that
represents the interdependence degree in a society. Societies
with a low degree of this parameter are highly collective
communities, which have willingness to act together. The
second parameter was identified as the degree of built-in
worry of a society. Societies having high value of this param-
eter have also high level of concerns in specific situations.
The third parameter describes the level of competitiveness
in a community, which has to be considered as a relevant
issue. However, a more feminine cultures are more likely
to be concerned with the quality of life in cities in general.
The results of research (Dingil et al. 2019b) revealed that
cultural circumstances are effecting travel behavior in an
urban environment. High correlation values showed that a
more individual transportation environment is being cre-
ated in locations, where higher individualistic approach is
present which results in more car usage. Typically, the fol-
lowing countries have such scores: United Kingdom, USA,
NZ (New-Zealand), Australia, Canada, Italy. Conversely,
the public transport modal share is higher in case of coun-
tries with a collective attitude. Typically the following
countries have such scores: Brazil, China, Colombia,
Hong Kong, South Korea, Peru, and Thailand. In addition,
it could be observed from the multiple regression model
presented in (Dingil et al., 2019b) that in case of countries
with simultaneously higher scores of collectivism, mascu-
linity and uncertainty parameters have in general higher
values in PT usage. However, some countries with high
individualism show a tendency to adapt to biking. Notable
examples are Denmark and the Netherlands in which car
and public transportation modal shares are low in compar-
ison with other nations, although individualism scores are
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high, still, these nations have the greatest bike use among
all countries.

Besides culture, education level can be called as "acquired
characteristics" of a society shaping the citizens and its spa-
tial forms in dynamic collective ways. Culture and educa-
tion level are both decisive factors. Therefore, merging the
results of both findings can support understanding of the
topic in a more holistic way. We can shape inherited biases
only with educating citizens. Our results have demonstrated
that there is significant influence of the education level on
private vehicle usage.

As stated, some countries with high individualism
show a tendency to use bikes such as Denmark and the
Netherlands where the education level is high. These
countries had very high car usage during 1970s and their
modal transformation to cycling occurred in last decades
with increased environmental concerns as well as cycling
can be named as "environmental friendly individualistic
mode". So, following these, this is not surprising at all, this
can be called as an effect of education level. While coun-
tries exhibiting the highest individualism have the high-
est car modal share. However, considering that the UK
has the highest education level among these countries and
the UK is the country with the lowest car modal share.
Furthermore, some South American and Asian countries
have highest values for collectivism and also high PT
modal share. In addition, South Korea and Hong Kong
have one of the highest educational levels among these
countries and in the same time these countries have the
highest PT usage. Thus, education can be called an "anti-
dote" for the cultural biases in travel behavior. Specific
educational seminars related to current transportation
issues can be organized regularly by local authorities to
increase awareness of the citizens and to support travel
behavior change in more sustainable manner.

5 Conclusions

The influence of higher education level on urban travel mode
choices was examined with a large and diverse open data
collection of 45 cities distributed over 30 countries. The
main result has demonstrated that an increase in higher edu-
cation level has higher effect on dropping car modal share in
cities than any change in GDP value and population density.
If the population density parameter is lower, then in general
car modal share increases, more than an increase in GDP
per capita boasts car usage. It was observed in this research
that higher education level has a considerable effect on travel
mode choices in communities. Presumably, higher educated
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societies buy less cars, drive less and use alternative mobil-
ity systems more due to environmental and health concerns.
Additionally, the effect of culture in urban travel patterns
was discussed. This study has demonstrated that educating
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