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Summary

Academic and popular literature widely argues about the importance of sustainable urban
development and how transportation has a tremendous role in it. A growing number of cities
worldwide tries to improve the sustainability of the transportation system by promoting the
usage of non-motorized transport modes such as walking and cycling on short distances.
Mostly, because of the health, social and economic benefits that compact cities create (Oriol et
al., 2014). Similarly, Thilisi tries to shift the paradigm and promote sustainable modes of
transportation to tackle the aforementioned problems by putting a pedestrian on the top of the
priority pyramid.

While walking is one of the common modes of transportation, it is one of the most sensitive
modes to external elements also. Therefore, it is crucial to understand how the physical built
environment and socio-economic characteristics hinder the citizens of Thilisi from walking.
By explaining how the physical built environment and socio-economic characteristics affect
the walkability in Thilisi, this research could contribute to the further development of the
pedestrian-friendly policy. It can also guide intentions to create strategy document concerning
pedestrians. Thus, the practical relevance of the study is increasing. Thus, the research’s
objective is to determine these effects influence. This is possible by comparing subjective and
objective data that was obtained by both primary and secondary sources. The objective will be
attained by conducting explanatory research.

The study is based on the theory of the built environment, the theory of travel behaviour and
walkability concept.

This research uses one of the most prevalent research instruments a questionnaire. Besides the
questionnaire data, spatial data (secondary data) including objective elements of the physical
built environment were collected from various sources. The primary data were analysed using
descriptive statistical methods and inferential statistics. As for the secondary data, network
analysis, density and proximity analysis were used, in the GIS environment.

With regards to the main research question, the study explored the walkability index measured
by survey and by spatial analysis. Walkability index was defined as the dependent variable,
while physical built environment and socio-economic characteristics were represented as
independent variables.

The research is the initial effort to explore characteristics influencing walkability in Saburtalo
districts. The research findings show that there is a need for a wider variable range, for example,
education level, relief and weather.

To conclude, as the interpretation of analysis suggests subjective indicators play a lesser role
in walkability determination rather than the objective ones in Saburtalo district. In other words,
analysis has shown that mixed land use, presence of streetlight and trees have a more significant
position in determining walkability in Saburtalo district than age, gender or vehicle ownership,
for example.
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Chapter 1: Introduction

This chapter introduces to the reader the background and the problem statement of the study.
Relevance and the research objective of the study is also presented in the chapter, alongside with
the main and sub-research questions.

1.1 Background Information

Walking is basic, the most elementary form of transportation. Thus, every human has a right to
walk safely and comfortably despite the gender, sex, physical ability and living location.

High share of walking in a city’s modal split has been affiliated to clean air, solving traffic
congestion, reducing health issues, increasing economic activity, socialization within a
neighbourhood and general liveability of a city.

As John Butcher (para.l, 1999) stated:

“Walking is the first thing an infant wants to do and the last thing an old person
wants to give up. Walking is the exercise that does not need a gym. It is the
prescription without medicine, the weight control without diet, and the cosmetic
that can’t be found in a chemist. It is the tranquilliser without a pill, the therapy
without a psychoanalyst, and the holiday that does not cost a penny. What’s more,
it does not pollute, consumes few natural resources and is highly efficient. Walking
is convenient, it needs no special equipment, is self-regulating and inherently safe.
Walking is as natural as breathing™.

Academic and popular literature widely argues about the importance of sustainable urban
development and how transportation has a tremendous role in it. From an ecological point of view,
the significance of sustainable transportation in climate change adaptation and mitigation is widely
recognized (Banister, 2011) as the transportation sector is responsible for 20.4% of CO2 emission
from fuel combustion (World Bank, 2014). From a health perspective, according to the World
Health Organization (2018), road traffic-related deaths remain consistently high as 1.35 million
people die globally each year. From an economic standpoint, congestion is one of the issues
(Litman and Burwell, 2006) as the level is continuously increasing especially in cities. Time spent
in congestion is steadily rising that affects the level of activities engaged by the people during the
workday. According to INRIX Global Traffic Scorecard (2019), citizens of the eight most
congested cities spent from 149 to 191 hours in congestion. Thus, congestion develops into
“economic tax on cities”. Moreover, transportation is one of the substantial items of a household
budget and in car-dependent cities underdeveloped opportunities for other modes, other than a
private vehicle, social exclusion increases (Leveraging Urban Mobility Disruptions to Create
Better Cities, 2020).

Academics and professionals worldwide have been looking for solutions to all these problems for
a long time. It is not surprising that active transportation modes, being walking and cycling, have
been confirmed to be the remedy for abovementioned troubles as the multidimensional
characteristic of active travel enables cities to alleviate all problems discussed earlier in this
paragraph. Besides, academic, as well as empirical, evidence exists as proof that active
transportation not only loosens problems but also creates financial, health and environmental
benefits. By promoting walking and cycling health of an individual can be improved; as fewer
people are likely to use private vehicles noise and air pollution can be reduced, which contributes



to less congestion; an increase of the liveability and overall quality of life can also be achieved.
With such advantages, the question to ask is how to encourage walking. Among academics, several
ways have evolved to encourage people to walk, one of which is altering the physical built
environment (BE) features (Vale et al., 2016).

A multidisciplinary approach — Sustainable Urban Development is determined by three pillars:
environment, social and economic development. These pillars are interconnected and none of them
exists without others. Promoting and creating equal opportunity for active transportation modes
(walking and cycling) is one of the working solutions to sustainable urban development issues
many researcher, professionals or advocates have confirmed (Litman and Burwell, 2006; Speck,
2020). Walking naturally is considered as a social activity and walkable neighbourhoods benefit
to the area by enriched social capital, decreased traffic pollution and improved economic
sustainability (Kim et al., 2019). Many researchers have confirmed strong relation between socio-
economic characteristics and walkability of a neighbourhood.

Thilisi, the capital city of Georgia, with 1,2 million inhabitants, also suffers from traffic-related
problems that are repercussions of car-oriented development rooting from the Soviet Era. Rapid
industrialization directed the city’s early development alongside the river Mtkvari (Kura) that
could be one of the causes of current transportation problems (Gongalves et al., 2016). Besides,
after the collapse of the Soviet Union (1991) Thilisi faced the civil war, increasing the number of
crimes, financial crisis, constant power cuts and failure of public transportation (Salukvadze and
Golubchikov, 2016). Moreover, after the Rose Revolution, in 2003, so-called “investor urbanism”
flourished neglecting the city’s long-term development strategies (Van Assche and Salukvadze,
2012). Thus, the city’s development path for the last few decades contributed to soaring car
ownership and car usage. According to the Ministry of Internal Affairs, the number of registered
cars in Thilisi has increased from 413,414 (2016) to 481,888 (2018).

The situation affects the city on an environmental, economic and social level. In addition, air
pollution is above the critical point, and GHG emission from transportation accounts for 71%
(State Audit Office, 2018). The household survey (HHS) that was conducted in 2016, by the
municipality of Thilisi and the French consultancy company shows the modal share of Thilisi
(Figure 1).

Bicycle 0% Two wheels motor vehicle 0%

3% —_Combined 1%

@ Public Transport
@ Walk
Car Driver
39%
Car Passanger

19%
H Taxi Passanger

@ Bicycle
B Two Wheels Motor Vehicle

E Combined
27%

Source: Household Survey, Sysira, 2016



Figure 1. The modal share of Thilisi

According to the household survey, the most popular mode of transportation is public transport
with a share of 39%. If we combine trips performed by private vehicles, proportions of car driver,
car passenger and taxi passenger, they together contribute to a share of 33%. Accordingly, walking
stands as the 3" most popular mode with a proportion of 27%. Thilisi’s modal share may seem
balanced. However, the city still suffers from congestion, air pollution and other urban problems.
Besides, the HHS shows a growing trend of motorization rate that increased by 30% between 2011
and 2016. The non-motorized mobility rate stands at 0.42 trips per day, while the number of
motorized trip rate stands at 1.14 meaning that people in Tbilisi prefer to use vehicles as a daily
mode more than twice than walk or cycle, for example. Moreover, mobility rate (meaning how
many trips person performs on a daily basis) for Thilisi is 1.56 trips. On an international scale this
rate stands on the low end as in Sarajevo the mobility rate stands at 2.0, in Tallinn —at 2.4, in the
USA -at 3.75 and in Paris — at 4.1 (see Graph 1).
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Graph 1. Mobility rate on international scale, source: HHS, 2016

Moreover, in Thilisi car trips on the distance smaller than 1.5 km contribute to the share of 20%
(SYSTRA, 2016). This trend contributes to detrimental impacts on urban environment such as
injuries, deaths, health issues and pollution. Thus, it is necessary to increase the share of walking.

1.2 Problem statement

A growing number of cities worldwide tries to improve the sustainability of the transportation
system by promoting the usage of non-motorized transport modes such as walking and cycling on
short distances. Mostly, because of the health, social and economic benefits that compact cities
create (Oriol et al., 2014). Similarly, Thilisi tries to shift the paradigm and promote sustainable
modes of transportation to tackle the aforementioned problems. Therefore, according to the city’s
transportation policy, a pedestrian is on the top of the priority pyramid. However, the non-
motorized mobility rate is remarkably low (SYSTRA, 2016) in Thilisi. Besides, non-motorized



transportation plan or strategy does not exist (Giely, 2015) that would concern improving and
promoting active transportation modes based on the complete and thorough research. Even though,
the city government tries to prioritize pedestrian mobility, the pedestrian infrastructure and the
physical built environment does not have an adequate quality in Thbilisi. The primary problems
exist with regard to sidewalks as in most cases they are not present along streets. Blocked
sidewalks with cars and construction fences also are the concern of residents (Babunashvili, 2018).
Besides, because of the inadequate pedestrian infrastructure, walking to the destination is not
comfortable, therefore, destination located objectively on shorter distance from origin is perceived
relatively far away (Kankia, 2019). Moreover, the traffic accident statistic is really high, in
Georgia. According to the Ministry of Internal Affairs, in 2019 only pedestrian number of deaths
in traffic accidents accounted for total of 100 people. The fact obviously serves as an impeding
factor for walking.

On the Thilisi online forum, citizens of Thilisi city are talking about how insufficient pedestrian
infrastructure and inadequate walking accessibility hinders safe and comfortable walking
experience in Saburtalo district of Thilisi:

““Sidewalks are very narrow... people are stepping on each other... new ground-
level sidewalks should be constructed, pedestrian islands and public spaces
too” (Sopromadze, 2020).

“This city is not oriented to pedestrians. It is necessary to improve pedestrian
infrastructure” (Siradze, 2020).

“Sidewalk occupation continues, parking entrance at newly rehabilitated street
inhibits pedestrian movement™ (Arabuli, 2020).

While walking is one of the common modes of transportation, it is one of the most sensitive modes
to external elements also. Therefore, it is crucial to understand how the physical built environment
and socio-economic characteristics hinder the citizens of Thilisi from walking. The previous
studies concluded that individual mode choice is a relative, complex and individual decision-
making process and is affected by several elements (De Witte et al., 2013; Guinn and Stangl,
2014). A vast academic literature focuses on factors influencing walkability. According to the
literature review the physical built environment and socio-economic characteristics (such as
gender, age, income, car ownership and household composition) have been confirmed to be some
of the greatest influencers of walkability (Sundquist et al., 2011; Cervero and Kockelman, 1997;
Frank et al., 2010; Forsyth et al., 2008; Aziz et al., 2018; Clifton et al, 2016; Riggs and Sethi,
2020).

Physical built infrastructure such as sidewalk, trees, crosswalks and streetlights have enormous
impact on walkability. Sidewalk presence creates comfort for pedestrians, the adequate width of a
sidewalk encourages walking within the neighbourhoods as they enable users to walk at their pace,
socialize and stand without impeding other users’ walking experience (Wicramasinghe and
Dissanayake, 2017; Institute of Urban Studies, 2016). Besides, trees and their canopies shelter
pedestrians from the hot weather (Maco and Mcpherson, 2003). Similarly, presence of streetlights



spawns the feeling of safety and, thus, increase the walkability (Pefia-Garcia et al., 2015; Sallis et
al., 2015; Vich et al., 2018).

Land use explains diversity of the neighbourhood, Land use mix and percentage of walking are
positively correlated (Frank and Pivo, 1994). Concentrating diverse land uses in a particular area
creates cluster of activities that also contributes to increased accessibility (Naess, 2004). Numerous
studies have found positive relations between intersection density and willingness to walk. Highly
interconnected street network creates short distances, is less suitable for car traffic and therefore
facilitates more PA (Carlson et al., 2015; Koohsari et al., 2016).

All abovementioned factors influence pedestrian mobility. Among others low speed and low traffic
areas create sense of safety, while tree shelter provide shade from the sun and presence of
greeneries is also positively perceived by the pedestrians. Short distances create possibility for
pedestrians to often opt for walking as the main mode. Moreover, pedestrians tend to be very
sensitive, long routes inhibit walking. Additionally, interesting scenery could be the source of
entertainment and facilitate social walking (Arellanaetal., 2020; Zuniga-Teran et al., 2019; D'Orso
and Migliore, 2019).

Apart from already mentioned elements, socio-economic characteristics like age, gender, income,
car ownership and household composition (having children) have been found to influence
walkability (Schneider, 2013; Clifton et al, 2016). Clifton et al. (2016) found an evidence that
pedestrians” will to walk is strongly influenced by socio-economic characteristics such as car
ownership and children in household (household composition). Schneider, (2013), on the other
hand, adds to the group of characteristics age, gender and income as significant influencers.
Moreover, sense of safety has also been found to be one of the influencers (Pefia-Garcia et al.,
2015).

1.3 Relevance of the research topic

There is a vast academic literature covering factors influencing walkability. However, there are
few academic studies in Georgia, addressing neighbourhood walkability such as one conducted in
2019 by the NGO “Walk”. This fact increases the scientific relevance of the study, as the context
and location, where the study is conducted, is one of the significant affecting factors on mode
choice (Sundquist et al., 2011).

Moreover, by explaining how the physical built environment affects the walkability in Tbilisi, this
research could contribute to the further development of the pedestrian-friendly policy. It can also
guide intentions to create strategy document concerning pedestrians. Thus, the practical relevance
of the study is increasing. In addition, understanding the impact of the physical built environment
and social economic characteristics on walkability and targeting those impacts to promote walking
can also contribute to alleviating congestion issues (Oriol et al., 2014). Besides, as the urban space
is assorted and not every social group uses the space similarly. Thus, understanding which socio-
economic characteristics determine walkability is one of the prime points in developing the
adequate transportation policy (Oriol et al., 2014). Furthermore, results from this research can
support the use of walkonomics in Thilisi, Georgia. Walkonomics is an app developed to help
pedestrians find the most beautiful tree-filled route to the destination, rather than just the fastest
one. Such apps aid and promote pedestrian friendly movement (Vivion, 2013).



1.4 Research objective

The objective of the research is to explain how the physical built environment and socio-economic
characteristics influence the walkability in Saburtalo district of Tbilisi. The objective will be
attained by conducting an explanatory research.

1.5 Main research question and research sub-questions
The main question this research is aiming to answer is:

How does the physical built environment and socio-economic characteristics influence
walkability in Saburtalo district of Thilisi?

Following sub-questions have been formulated to answer the main question:
1 How does the physical built environment influence walkability in Saburtalo district of Thilisi?
2  How does the socio-economic characteristics influence walkability in Saburtalo district of
Thilisi?
Based on the main research question following independent and dependent variables are derived:
IV: Physical built environment (Independent variable)
Sub-variables
e Physical Characteristics of streets
e Land-use mix
e Street connectivity
IV: Socio-economic characteristics (Independent variable)
Sub-variables

o Age
e Gender
e Income

e Vehicle ownership

e Household composition

e Perceived safety
DV: Walkability (Dependent variable)
Sub-variables

e Walkability index

e Pedestrian walkability
1.6 Scope of the research

The study is located in Thilisi, the capital city of Georgia, study area is delimited as one of the
districts of Thilisi — Saburtalo district. The area of Saburtalo district is 4.9 square kilometres and
population is 47,368 people that is 4% of Thilisi population. Saburtalo district with diverse public,
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private and educational facilities, workplaces and recreational areas, is traversed with two main
arterial avenues, each one serving one-directional mixed traffic. Due to restricted timeframe and
pandemic constraints the research area included only the sub-district of Saburtalo district. In and
effort of this study this sub-district is also called “Saburtalo”, as there is no name corresponding
the area. Additionally, neighbourhoods are not delimited by the administrative boundaries in
Georgia. Hence, the study area is determined in accordance with the area used in census by the
National Statistics Office of Georgia and there is data available of land uses and population.

As already mentioned, the objective of the research is to explain how the physical built
environment and socio-economic characteristics influence the walkability in Saburtalo district of
Thilisi. This is possible by comparing subjective and objective data that was obtained by both
primary and secondary sources.



Chapter 2: Literature review/theory

This chapter includes the literature review that concerns the state-of-the-art theories and concepts.
It also discusses the concept of walkability, walkability and strong determinants of mode choices.
It also presents the conceptual framework that was formed based on the comprehensive literature
review, related to the physical built environment, socio-economic characteristics and walkability.

2.1 State-of-the-art of the theories/concepts of the study

Increasing mobility demand, leading a car as a dominant mode of transportation, raised a concern
about managing mobility and its adverse side effects in a sustainable manner (De Witte et al.,
2013). Due to its social, economic and environmental benefits, non-motorized transportation has
been confirmed to be a sustainable mode of transportation (Litman, 2017). Therefore, numerous
concepts and movements have emerged regarding sustainable transport development. These
diverse concepts and movements may differ in terms of concern areas; however, they all share
aspiration towards increasing the proportion of non-motorised transportation. One of the common,
basic and inexpensive type of non-motorised transportation is walking. Besides, a large portion of
literature in health has documented the health benefits associated to it (Frank et al., 2006). Thus,
walking as a form of transportation or recreation has advance effects on the three pillars of
sustainability and diverse fields advocate for increasing share of walking in daily life. However,
while we live in automobile-dominant cities, it is not easy to change peoples’ behaviour from
sedentary to an active lifestyle. The motivation of walking behaviour, and in general physical
activity (PA), is influenced by several factors (Sundquist et al., 2011). Next sub chapters discuss
the theories and factors influencing walkability. (In this study, terms walking, and physical activity
are used interchangeably).

2.1.1 Theory of the built environment (BE)

The extensive academic literature review recognises the concept of the built environment as an
excessively diverse and vast. The built environment is a concept that describes manmade structure
in a broader sense including cities, buildings, streets, shelters, practically any artificial
modification of the nature (Moffatt and Kohler, 2008; Sallis, 2009). The built environment is
considered to be one of the strongest determinants of human behaviour and there is a defined close
relationship between the physical built environment and physical activity (PA). This relationship
is connected to the walkability. Factors include presence of sidewalk, land use mix, comfortable
walking distance between destinations and individuals perceived safety. Studies have identified
statistically significant associations between small sized neighbourhoods and increased
walkability, as shorter distance encourage daily physical activities without using motorized
transportation. Moreover, pleasant sceneries and well-lit environment facilitate more on-foot
activity (Renalds et al., 2010). There is a belief, based on empirical research, that “if you build it,
they will come”, presuming that if adequate built environment exists, people will employ it (Root
etal., 2017).

Besides, one of the most common troubles urban population face are mental health issues.
Disorders such as depression, anxiety, stress, “psychological vulnerability”, etc. are widely
associated with the living environment (Zhang et al., 2020). Socioecological model posits that
mental health is affected by the various factors which include environmental effects as well.
Neighbourhood-level studies examine BE and its effect on mental health and vast number of



studies has proved association between increased risk of mental health problems and deprived
living environment (Tao et al., 2019).

Various theories have been established on the concept of “environment”. For example, the Social
Cognitive Theory postulates that human behaviour is impacted by the environment. Environment
can have different notions; it can be physical (e.g., built environment) and social (e.g., social norms
and beliefs), also subjective (perceived) and objective (existing). Besides, significant relationship
exists between BE and PA that is expressed with “individual-level perceptions”. According, to
social cognitive models, individual’s perception of the BE determines and creates “basis of social
cognitive factors” that in turn affects the PA. For example, BE that is characterized with poor
connections and low level of accessibility is likely to form negative assumptions about oneself and
attitudes towards PA itself. “Mediation models suggest that this pathway is known as ab, where
path a is the effect of the built environment on social cognition, path b is the effect of social
cognition on PA, and ab is the mediated relationship between the built environment and PA via
social cognition” (Rhodes et al., 2020, p. 496).

Another theory considering the physical built environment as a behaviour determinant is the
Behaviour Model of the Environment. The model, form socio-ecological standpoint, postulates
that among social, physical environment features also have “power” to change and explain
individuals’ behaviour (Vale et al., 2016).

The BE’s multidimensional nature imposes challenges to measure it (Glanz and Kegler, 2009).
Besides, different facets of BE affects the quality of measures, while it is crucially important to
produce high-quality one. Yet, consensus is not achieved. Brownson et al. (2009) defines three
categories of the BE measures that are being commonly used:

1. The first category studies the perceptions of individuals to land-use, transportation and
recreational environments via self-administered questionnaires or interviews.

2. The second category includes observational method or audits.

3. The third one uses existing spatial data sets commonly analysed using GIS.

Several broadly defined fields like health, behaviour science, transportation, urban design and
leisure studies developed measurements of the physical built environment that is directly relevant
to the physical activity. For example, for city planning fields, relation between design and travel
behaviour has been a great interest since “at least the 1980s”. They have developed theories of
built environment. “Of special relevance to physical activity, planners created conceptualizations
of community design such as walkability, or ability of people to walk to nearby destinations”
(Sallis, 2009, p. 89).

Frequently, physical built environment includes the spatial characteristics of the area such as
proximity and accessibility, sidewalks, streetlights and aesthetic qualities (trees, parks) (Vale et
al., 2016; Dovey and Pafka, 2018). These factors have been found to strongly contribute to
walkability. Different functions concentrated in close proximity encourages walking. Moreover,
the presence of sidewalk is also very widely recognized factor promoting walkability. The
adequate conditions of sidewalks enhance the walking experience. In her iconic book The Death
and Life of Great American Cities, Jane Jacobs dedicated not only one, but three chapters to the
importance of sidewalks and their contribution to safe, vital and socially inclusive neighbourhoods.
In addition, well-lit streets develop the sense of safety and presence of the greenery creates visually
aesthetic environment that contributes to increased willingness to walk.



2.1.2 Theory of travel behaviour

The concept of travel behaviour is multidimensional. There are several other elements but most
prominent among them is a choice of transportation mode. And for the scope of the research focus
is on walking. Generally, the mode choice refers to the individuals’ choice of different
transportation modes (walking, cycling, car, public transport, taxi) for daily activities.

The researchers of the various fields try to identify what influences on peoples’ preferences while
choosing a particular mode. However, mode choice is a complex decision-making process and is
influenced by various of factors. Researchers categorise these factors into “hard factors” and “soft
factors”. “Hard factors” include cost, time and effort associated with the mode. While “soft
factors” include individuals® perceptions and attitudes. Studies using utility theories are focused
on “hard factors”, for example. Utility theories suggest that individuals make their mode choices
by analysing different aspects of alternatives such as “time, cost and effort”. However, these
theories cannot explain why “individuals in similar situations with corresponding socioeconomic
characteristics” make different choices (Heinen, 2016). In oppose of utility theories, cognitive
theories try to explain these differences. Studies using cognitive theory assume that individuals
might “form different mental map of the same built environment”, that is the reason why different
choices are made per individuals (Ma and Cao, 2019).

A plethora of studies have used the theory of planned behaviour (TPB) (Ajzen, 1991) to forecast
individuals® choice of mode. The conclusion drawn based on the studies is that mode choice is
depended on “attitudes and perceived barriers to behaviour”, so called “soft factors”. In oppose to
other theories, TPB posits, in case of alternative, choice is depended on the intentions’ strength to
“perform the behaviour” (Bamberg et al., 2011). However, some studies have reported some
inconsistency between attitudes and behaviour. The TPB explains these discrepancies by
underlining that “attitudes do not influence behaviour directly but indirectly”. Also, two additional
important determinants are identified: “perceived social stress” and “perceived ability to perform
behaviour”. However, past actions and behaviour is also identified as strong determinant (Van de
Coevering, P et al., 2016). Moreover, a vast number of studies suggest that travel mode choice is
a result of habits and is no more a conscious decision (Anable, 2005). For example, theory of
interpersonal behaviour shows that when behaviour is performed daily over the long period of time
“initiation of behaviour is no longer guided by behaviour intentions” (Gardner and Abraham, 2008,
p. 301).

Another construct that tries to explain travel behaviour is personal identity. Identity theory
postulates that individuals may possess several identities; and identities are linked to “culture and
social structure”, examples may be being a father, teacher, being male, etc. However, there is
transport identities, self-identities and place identities also, examples are driver, cyclist, being
environmentally friendly. These identities are associated to have effect on travel behaviour,
however more empirical evidence is needed (Heinen, 2016).

As Gotschi et al. (2017) state, Alfonzo develops ranking of “walking needs” found on the
Maslow’s theory of motivation. Here, travel behaviour of human is based, firstly, on feasibility,
then *“accessibility, safety, comfort and pleasurability”. Other factors also play roles of
determinants, such as climate, culture, psychology, etc.

2.1.3 Socio-economic component of travel behaviour
Socio-economic frameworks are prevalently used in the recent studies as one of the main
determinants of people’s behaviour and lifestyle. According to Van Acker and Witlox (2009)
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Ganzeboom developed a thought that peoples’ behaviour is result of their lifestyle. Based on
lifestyle peoples’ preferences determine how they introduce themselves socially. These choices
are influenced by “available opportunities and constraints” and are resulted in “actual behaviour”.
Individuals’ lifestyle is connected to their socio-economic characteristics. For Ganzeboom
lifestyle is perceived as a continuum that is determined by three dimensions and thus, he
distinguishes fixed (e.g., gender) and varying (e.g., household composition) socio-economic
characteristics, that influence behaviour.

Based on the above, socio-economic component of travel behaviour includes the socio-economic
characteristics such as car ownership, income, age, household composition and gender.

Some researchers suggest potential social environment constrains to walking like presence of
aggressive dogs, high level of crime, “lack of social cohesion” (Adkins et al., 2017b). However,
some authors suggest that neighbourhoods with socially disadvantaged population possess built
environment with higher street connectivity and mixed land use (Loh et al., 2019).

Clifton et al. (2016) found an evidence that pedestrians’ will to walk is strongly influenced by
socio-economic characteristics such as car ownership and children in household (household
composition). Further, studies have shown strong negative correlation between households with
children and choosing walking as a mode (Forsyth et al., 2008; Clifton et al, 2016; Riggs and Sethi,
2020). Some researchers have found characteristic that negatively influences walking is car
ownership. Households with availability of alternative modes are prone to walk less as they are
more sensitive to their environment (Koh and Wong, 2013; Guinn and Stangl, 2014; Aziz et al.,
2018; Clifton et al, 2016).

Schneider, (2013), on the other hand, adds to the group of characteristics age, gender and income
as significant influencers. As the age increases the willingness to walk decreases (Aziz et al.,
2018). As for gender, the results are inconsistent - some researchers indicate that women tend to
walk less compared to men (Owen et al., 2007; Aziz et al., 2018). Others’, systematic review of
studies shows that more women walk for leisure than man, and there was no gender difference
detected in walk generally. However, a study conducted in Czech Republic show that women walk
considerably more than men (Pollard and Wagnild, 2017). As for the income, higher the household
income, lower the likelihood choosing walking as a mode (Guinn and Stangl, 2014; Aziz et al.,
2018; Buehler, 2011). However, other studies found inconsistency in correlation between income
and walking. Aziz et al. (2018) notes positive correlation between walking and income for New
York city and Baltimore and negative correlation for Portland.

Moreover, sense of safety has also been found to be one of the influencers (Pefa-Garcia et al.,
2015). Different solutions for increasing the level of safety within the neighbourhood boundaries

have been suggested, such as “reducing traffic speed and volume”, “separating sidewalks and
vehicle lines with curbs and trees” (Dorrzapf et al., 2019; Kockelman et al., 2013).

2.1.4 Concept of Walkability

Walkability is a prevalent term; however, the concept remains somewhat ambiguous. Dictionaries
do not (very rarely) define the term, while there is inconsistency in existing definitions (Dorrzapf
etal., 2019).

As Rafiemanzelat et al. (2017) say, walking has been studied from diverse disciplines and each
perspective defines walking individually. Accordingly, the literature review confirms much
research have proved that walking has environmental, social and economic advantages (Turon et
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al., 2017). For example, for urban planners walking is a means to alleviate urban sprawl, reduce
level of greenhouse gas emission, level of car usage and, thus, congestion. Besides, from the health
perspective, walking is defined as one of the major factors in lowering the rate of obesity,
cardiovascular and other chronic illnesses. This complies with the postulate of the famous Danish
architect and urban designer Jan Gehl - “there is more to walking than walking” (2011). As Turon
et al. (2017) posit popularity of walkability concept stemmed from the fact that city governments
often neglect other users’ right to the streets. However, lately focus has been changed from
automobiles to human.

The very first identification of the concept of walkability in scientific field dates back to late
twentieth century. It referred to the built environment and other factors concerning walkability.
Walkability can be defined in numerous ways; it is connected to physical and non-physical
elements that contribute to the “quality of walking environment” (Rafiemanzelat et al., 2017).
Moreover, walkability captures capacity of the built environment “to be walkable” and the
“ability” to reach destinations “on foot” (Vale et al., 2016). Besides, the concept of walkability has
a prominent place in response to the adverse effect automobile-oriented cities bring to cities and
public spaces.

2.1.4.4 How to measure walkability

Walkability can be assessed by different methods and there is no consensus on a specific tool on
measuring walkability. Ellis et al. (2015) suggests Brownson et al’s (2009) categorization of
walkability measures into: subjective measures based on peoples’ perceptions, observed measures
based on audits and objective measures based on the analysis of spatial data using Geographic
Information Systems (GIS).

Measure type Methods of measurement Unit Example

Obijective GIS Area, Segment Land-use, intersections,
street

Subjective Survey Individual respondent Perceptions, attitudes

Table 1. Measurements profile

As already mentioned, indices are broad and various researchers have tried to create index that
consistently measures the walkability. One of the most prevalent indices are discussed in the
following paragraphs:

3Ds - A monumental study by Cervero and Kockelman (1997) which was conducted in San
Francisco Bay Area introduced the concept of 3Ds: Density, Diversity and Design. The study
resulted in conclusion that higher population density (ratio of residents to an area), diverse land-
use mix (even distribution of land uses), and higher intersection density (ratio of intersections to
sg. km) promoted physical activity. Thus, the concept of 3Ds measures the walkability of an area.
These elements have been confirmed to have strong influence on walking by other studies as well
(Sundquist et al., 2011; Glazier et al., 2015; Clifton et al., 2016; Van Dender, 2007; Guinn and
Stangl, 2014; Clark et al., 2014, Frank et al., 2010; Forsyth et al., 2008).

Walk Score - One of the widely used measures is Walk Score. This is the index assessing the
walkability of an area involving shortest distance to the destinations, the length of blocks and the
intersection density. Walk Score combines gravity-based and topological accessibility and
produces the score of the area (ranged 0-100). Even though various studies have validated the
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score, critique is concerned about the exclusion of one of the crucial elements - subjective factors
(Hall and Ram, 2018).

Walkability index — This index was originally developed by Frank (Frank et al, 2005). The
original index was calculated using the following formula:

WI =6 X (z.score) Land Use Mix) + (z.score)Net Residential Density
+ (z.score)Intersection Density

Formula 1. How to calculate WI

Here:

z. score means standardized value.
Land Use mix is the entropy index (Diversity).

Net Residential Density is calculated by dividing number of households by the area of the
residential land use (Density).

Intersection Density is calculated by dividing number of true intersections by the area
(Design).

The 3Ds concept have been further developed into “Neighbourhood Walkability” as the fourth
element, net retail area ratio, was added (Koohsari et al., 2016). This is a similar measurement
(“Walkability index”) as IPEN (International Physical Activity and the Environment Network)
uses in its research concerning physical activity and the built environment. Walkability index
involves sum of connectivity index, entropy index, floor area ratio index and population density
index (Dobesova, 2012):

Connectivity index also referred as intersection density, street connectivity is measured by
the number of true intersections (3- or 4-legged) in a particular area. Numerous studies
have found positive relations between intersection density and willingness to walk (Carlson
et al., 2015; Koohsari et al., 2016).

Entropy index also referred as land use mix, is a mix of land uses in a particular area and
it characterizes how diverse the area is. Land use mix and percentage of walking are
positively correlated (Frank and Pivo, 1994). Concentrating diverse land uses in a
particular area creates cluster of activities that also contributes to increased accessibility
(Naess, 2004). Originally the methodology was developed in the USA where each area
(polygon) represents unique type of usage. Nonetheless this is not relevant for European
cities, including Thilisi. Here, merged usage is prevalent, meaning several usages
(residential, commercial, office, retail, institutional) can be present at the same place. The
equation for calculation the entropy index following form was used from Dobesova and
Krivka (2012):
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H(S)=
Formula 2: How to calculate entropy index
Where:
H (S) Entropy index

P Area of a particular category of land use over the total area of all categories
(within the scope of one district)

k the number of land use categories in the particular district

e “Floor area ratio index” is a proportion between the retail building floor area and the retail
land area (Ellis et al., 2015).

e Population density is measured by the number of residents in a particular area. Frank and
Pivo (1994) found significant correlation between population density and percentage of
walking. Dense cities imply shorter distances between functions, also, in cities with high
population density streets are narrow and there is less space for parking. Therefore, it
contributes to increased usage of non-motorized transport modes. Besides, empirical
research has confirmed less energy consumption by transportation sector in dense cities,
than in sprawled ones (Naess, 2004).

Walkability Index formula that is used in this study is adapted from the one originally developed
by Frank et al (2005). The formula adaptation is a common practice when tackling the issue of
data availability. Adapted version of the formula and the reasons behind the adaptation is further
elaborated in the Chapter 3.

Self-reported or subjective measures - Some authors posit that subjective variables have low
reliability compared to objective measures. Therefore, they encourage using GIS to overcome
reliability problems (Maghelal and Capp, 2011). Conversely, other researchers advocate including
individuals’ perceptions also, as they reveal the interaction between the environment and the user.
To this end, subjective measures are used through surveys (Yin, 2017).

2.2 Overview of factors influencing walkability

As already mentioned, walking is the most basic and common mode of transportation. However,
this does not mean that it is straightforward to analyse from the researcher’s perspective. A
growing number of researchers supports a need for a multidisciplinary approach to understanding
factors influencing walkability fully. However, as previously stated, some factors are strongly
associated with impact on walkability (Bierlaire and Robin, 2009). Adkins et al. cite Ewing and
Cervero that “mode choices depend on both the built environment and socioeconomics
characteristics” (2017, p. 301). Next sub-chapters present elements influencing walking. These
elements are chosen according to the literature review taken into consideration Thilisi context and
are categorized into two groups: the physical built environment and socio-economic
characteristics.
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2.2.1 Physical built environment

The physical built environment influences on walking have been a great interest of researchers
over decades. The literature review suggests that physical built infrastructure such as sidewalk,
trees, crosswalks and streetlights have enormous impact on walkability.

Sidewalk presence creates comfort for pedestrians. In addition, the width of a sidewalk is one of
the most important indicators encouraging walking within the neighbourhoods. Moreover, wide
sidewalks enable users to walk at their pace, socialize and stand without impeding other users’
walking experience (Wicramasinghe and Dissanayake, 2017; Institute of Urban Studies, 2016).
Besides, trees and their canopies shelter pedestrians from the hot weather as the outdoor climate
conditions are closely related to walking. Institute of Urban Studies (2016) references Maco and
Mcpherson (2003) noting that trees might influence users’ choice of side of a road. Similarly,
presence of streetlights spawns the feeling of safety and, thus, increase the walkability (Pefia-
Garcia et al., 2015; Sallis et al., 2015; Vich et al., 2018).

2.2.1.1 Land-use mix

Land use mix could be the indicator for the diversity of the neighbourhood. Land use mix and
percentage of walking are positively correlated (Frank and Pivo, 1994). Concentrating diverse land
uses in a particular area creates cluster of activities that also contributes to increased accessibility
(Naess, 2004). Therefore, accessibility is one of the crucial components of the “built environment”
and cannot be separated from it (Vale et al., 2016).

2.2.1.2 Street connectivity

Numerous studies have found positive relations between intersection density and willingness to
walk. Highly interconnected street network creates short distances, is less suitable for car traffic
and therefore facilitates more PA (Carlson et al., 2015; Koohsari et al., 2016).

2.2.1.3 Pedestrian level of walkability

Several factors influence pedestrian mobility. The plethora of researchers have been studying the
perceptions of pedestrians and factors influencing their decisions. Researchers suggest that ideal
situation, among other parameters, could be the one where pedestrian is walking along the low
traffic, low speed pathway, sheltered by tree shade, safe, direct route with interesting scenery. Low
speed and low traffic areas create sense of safety, while tree shelter provide shade from the sun
and presence of greeneries is also positively perceived by the pedestrians. Short distances create
possibility for pedestrians to often opt for walking as the main mode. Moreover, pedestrians tend
to be very time sensitive and long routes inhibit walking. Additionally, interesting scenery could
be the source of entertainment and facilitate social walking (Arellana et al., 2020; Zuniga-Teran et
al., 2019; D'Orso and Migliore, 2019).

2.2.2 Socio-economic characteristics

Apart from already mentioned elements, socio-economic characteristics like age, gender, income,
car ownership and household composition (having children) have been found to influence
walkability (Schneider, 2013; Clifton et al, 2016). Clifton et al. (2016) found an evidence that
pedestrians” will to walk is strongly influenced by socio-economic characteristics such as car
ownership and children in household (household composition). Schneider, (2013), on the other
hand, adds to the group of characteristics age, gender and income as significant influencers.
Moreover, sense of safety has also been found to be one of the influencers (Pefia-Garcia et al.,
2015).
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2.2.2.1 Age
The correlation between age and walk is characterised as negative — as the age increases the
willingness to walk decreases (Cervero and Kockelman, 1997; Aziz et al., 2018).

2.2.2.2 Gender

As for gender, the results are inconsistent - some researchers indicate that women tend to walk less
compared to men (Owen et al., 2007; Aziz et al., 2018). Others’, systematic review of studies
shows that more women walk for leisure than man, and there was no gender difference detected in
walk generally. However, a study conducted in Czech Republic show that women walk
considerably more than men (Pollard and Wagnild, 2017).

2.2.2.3 Income

Higher the household income, lower the likelihood choosing walking as a mode (Guinn and Stangl,
2014; Aziz et al., 2018; Buehler, 2011). However, other studies found inconsistency in correlation
between income and walking. Aziz et al. (2018) notes positive correlation between walking and
income for New York city and Baltimore and negative correlation for Portland.

2.2.2.4 Household composition
Further, studies have shown strong negative correlation between households with children and
choosing walking as a mode (Forsyth et al., 2008; Clifton et al, 2016; Riggs and Sethi, 2020).

2.2.2.5 Perceived safety

Sense of safety is one of the crucial elements affecting walkability. Different solutions for
increasing the level of safety have been suggested, such as “reducing traffic speed and volume”,
“separating sidewalks and vehicle lines with curbs and trees” (Dérrzapf et al., 2019; Kockelman
etal., 2013).

2.2.2.6 Car ownership

Another socio-economic characteristic researchers have found negatively influencing walking is
car ownership. Households with availability of alternative modes are prone to walk less as they
are more sensitive to their environment (Koh and Wong, 2013; Guinn and Stangl, 2014; Aziz et
al., 2018; Clifton et al, 2016).

2.3 Conceptual framework

From the literature several factors were identified affecting walkability. These factors have been
brought together in two groups: elements of the physical built environment and socio-economic
characteristics. According to the theory review, each factor consolidated in these two groups have
been proved to have considerable impact on walkability. Accordingly, while forming the
conceptual framework, besides the information found in the academic literature, the context of
Thilisi was also taken into consideration to determine the walkability of Saburtalo district of the
city.
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Figure 2. Conceptual framework

2.3.1 Physical Built Environment, Socio-economic Characteristics and Walkability
The relationship between these variables is characterized by interconnectedness. Plethora of
studies have proved benefits of walking and even more studies have been trying to explore the
factors influencing walkability. This determination for finding all influential factors is caused by
the fact that our environment and population is in great danger in terms of ecology, health
(Banister, 2011; Litman and Burwell, 2006; World Bank, 2014; World Health Organization, 2018)
and now great economic challenges lie ahead of us owing to the pandemic (Covid-19).
Understanding all these factors could help decision and policy makers to increase the effect of
positive elements and decrease the influence of negative ones.

Now as the benefits of walking is known, the interest goes to the questions how walking could be
encouraged? What factors do facilitate or inhibit walking? Theory of Built Environment suggests
that physical built environment is one of the strongest determinants of human behaviour and there
is defined close relationship between physical built environment and PA. Built Environment
describes manmade structure in a broader sense any artificial modification of the nature (Moffatt
and Kohler, 2008; Sallis, 2009). Physical built environment in this study includes street
connectivity, land use and physical characteristics of streets. Street connectivity is measured by
subjective and objective indicators and are compared to each other. Objective indicators include
sidewalk presence, streetlight presence, accessibility, land use (diversity), population density, etc.
While subjective indicators such as, level of intersection density (street connectivity), level of land
use, level of safety, etc. explore perceptions and attitudes of the people within the district.

Academics and professionals worldwide have been looking for solutions to all these problems for
a long time. It is not surprising that active transportation modes, like walking and cycling have
been confirmed to be the remedy for abovementioned problems as the multidimensional
characteristic of active travel enables cities to alleviate all problems discussed earlier in the study.
Besides, academic, as well as empirical, evidence exists as proof that active transportation not only
loosens problems but also creates financial, health and environmental benefits. By promoting
walking and cycling health of an individual can be improved; as fewer people are likely to use
private vehicles noise and air pollution can be reduced, which contributes to less congestion; an
increase of the liveability and overall quality of life can also be achieved. With such advantages,
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the question to ask is how to encourage walking. Among academics, several ways have evolved to
encourage people to walk, one of which is altering the physical built environment (BE) features
(Vale et al., 2016).
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Chapter 3: Research design, methods and limitations

This chapter includes the description of the research design and methods. Here, on the basis of
conceptual framework the operationalization table is also presented. It makes possible to link with
each other the theoretical and empirical parts of the research. Moreover, this chapter discusses
challenges and limitations of the research and offers the possible ways how to overcome them.

3.1 Description of the research design and methods

3.1.1 Research type and strategy

To answer the research question, an explanatory research type was considered to be adequate. The
survey strategy has been chosen in order to answer the research question. A survey is the adequate
strategy to reach a large number of population and thus, generalize research findings on the whole
population of the district, that also increases the level of external validity of the study (Van Thiel,
2014). According to the research strategy a questionnaire will be administered. Moreover, a survey
of residents will be coupled with objective measures of the built environment that will create an
opportunity to compare and contrast different measurement tools.

3.1.2 Data collection

According to the research strategy data for subjective measures, such as level of land-use, level of
population density, etc is collected via the field survey, that is the primary source of the
information. The subjective indicators, as explained in the sub-chapter 2.1.4.1, measure sense and
perceptions of density, safety, mix development and so on among the respondents. All the
indicators are categorized and listed in the operationalization table (see Table 4). The survey is
undertaken using the questionnaire instrument. Comprising 40 questions, the survey tried to
determine perceptions of the Saburtalo district residents. Moreover, survey is the common tool to
gather information about the attitudes and perceptions of the respondents within neighbourhoods.
The primary data that is collected in the research is quantitative in nature. Quantitative data
collection method is chosen in order to gather large amount of information and to analyse it
statistically.

Some objective measures using the secondary data was gathered from the local authorities such as
Thilisi City Hall, National Statistics Office of Georgia, to name a few.

As the study is considering the survey as the research strategy, triangulation is not necessary.
However, in order to increase the internal validity, triangulation is introduced. Therefore, in this
regard, triangulation is based on the survey, secondary data from the municipality and other
authorities and data from spatial/network analysis using Geographic Information Systems (GIS).

3.1.3 Research instruments

This research uses one of the most prevalent research instruments that is questionnaire. The
questionnaire is based on survey. The intercept survey provided short questionnaires for the
respondents during the data collection. Respondents were asked to indicate how distinct variables
influence their choice to walk. For some questions 5-point Likert-scale format is adopted to detect
a respondent’s perceptions. Other questions use closed-ended fixed-response items, for questions
like monthly income, ownership of vehicle and so forth. The questionnaire is formed based on the
extensive literature review.

Besides, before finalizing the survey questions a pilot study was conducted to ensure the
unambiguity and straightforwardness of the questionnaire. Also, to reveal potential weaknesses
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and sensitive issues. Ten respondents of Saburtalo district from various age groups were selected
to form non-homogenous group of ten. The group was asked to complete the first version of the
questionnaire. Respondents had to report any dubious terms or questions. Unclear questions and
issues were corrected and then the final version was provided to the sample population. The survey
was conducted in Georgian language. Samples of questionnaire in English and in Georgian are
presented in Annex 1. This survey created the possibility to connect objective and subjective
elements of walkability.

Besides the questionnaire data, spatial data (secondary data) including objective elements of the
physical built environment were collected from the municipality of Thilisi and the National
Statistics Office of Georgia. In addition, open street data was also obtained.

3.1.4 Sampling design and selection

The district Saburtalo is selected based on several factors mentioned in problem statement.
Moreover, after careful observation and investigation of maps, Saburtalo district clearly faces the
problem of connectivity and inadequate accessibility. However, it has to be mentioned, that due to
limited timeframe and pandemic restrictions a sub-district of Saburtalo has been chosen as the
research area. For the purpose of this study this sub-district is also called “Saburtalo”, as there is
no name corresponding the area. Additionally, neighbourhoods are not delimited by the
administrative boundaries in Georgia. Hence, the study area is determined in accordance with the
area used in census by the National Statistics Office of Georgia and there is data available of land
uses and population (see Map 1 and Map 2).

4621000
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Map 1. Saburtalo district — study area

Map 1 represents the delimited study area and shows the boundary of the area (district), street
network, existing two metro stations and the river Mtkvari stretching at the edge of the area.

Map 2. Saburtalo district in Thilisi city

Map 2 shows the study area within the purple polygon compared to the city scale, city boundaries
and research area boundaries are also presented on the map.

After district selection, probability sampling method, a random sample form has been chosen with
the sample size of 150. The sample was calculated as follows:

The population of Saburtalo is 47 368. While calculating the sample size, confidence level of 95%
and margin of error 8% was considered.

District name population Mz:gg; of Confidence level | Calculated Sample size
Saburtalo 47 368 8% 95% 150

Table 2. Sample size calculation

3.1.5 Validity and reliability

To ensure the reliability, the measurement instrument - a questionnaire is carefully formed and
designed to accurately represent the variables that are clearly and distinctly defined. Also, choice
of measurement instruments is based on the extensive literature review (Van Thiel, 2014).
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As for Validity, already validated, standardized and broadly used measurements are used. In
addition, triangulating the survey with secondary data from the municipality and spatial/network
analysis data from Geographic Information Systems (GIS), enhances the validity. The research
results cannot be generalized on the whole population of the city as only one district is studied and
each district (neighbourhood), likely, has different socio-economic composition and physical built
environment; but probability sampling created the opportunity for result generalization on districts
with similar built environment and socio-economic characteristics. This is possible because the
method allows researcher to choose study units by chance and avoid any bias. Also, the
generalization of the findings is one of the important options facilitated by the probability sampling
method (Van Thiel, 2014).

3.1.6 Data analysis

The primary data will be analysed using descriptive statistical methods and inferential statistics.
As the types of variables are categorical, numerical and nominal it creates possibility to use
factorial ANOVA test and Chi-Square test. With a help of multiple linear regression the relation
nature between the dependent and independent variables will be determined.

For the secondary data, network analysis, density and proximity analysis will be used, in the GIS
environment, using the GIS software. Results and findings will be visualized with charts, graphs
and maps, using the QGIS, excel or SPSS software.

The network/spatial analysis was used to study the objective elements of the physical built
environment. The analysis was performed using Geographic Information System (GIS) software
(Bejleri et al., 2011; Kelly et al., 2011), QGIS to be exact. Using the QGIS software is efficient as
it creates possibility to use existing data sources and measure objective elements.

The data type detailed descriptions are represented in the table below:

Data Set Data type Source Description

Streets.shp Line shape file Municipality The centerlines of the street network in Saburtalo
(2019)

Parks.shp Polygon shape file  Municipality Parks and recreational areas with borders in Saburtalo
(2019)

Busstops.shp  Point shape file Municipality Locations of bus stops in Saburtalo
(2019)

Sidewalks Line shape file Municipality Sidewalks
(2021)

Trees Point shape file Author’s  field Trees
work (2021)

Facilities Point shape file Author’s  field Schools, recreational facilities, grocery stores, financial
work (2021) facilities, bus stops and metro stations

Table 3. List of Data Sets
Walkability index is calculated based on the following formula:

walability index = Z population density + 2 X Z street connectivity + Z land use mix

Formula 2. How to calculate the Walkability index

It is important to mention that previous studies have used walkability index (W1) consisted of four
items: “residential density, street connectivity, land use mix and retail floor area ratio”. The
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formula in the study is, however, different and uses only three items, unlike to American and
Australian context. The adaptation of the formula is based on the common practice of omitting the
item when there is no relevant data available. Therefore, this study follows the practice of Belgian
context and uses only three items like they did (Van Dyck et al., 2009) because there is no
information regarding retail floor area in Thilisi.

“Population density” was calculated as the number of residents in an area per square km. “Street
connectivity” was represented by the number of 3- or 4-leg intersections per square km. “Land use
mix” indicated the “evenness of different land uses”. Land use categories include residential,
commercial and office. Thus, WI is the sum of the Z scores. Higher WI scores indicate greater
walkability.

3.2 Operationalization

Operationalization makes possible to link the theoretical part of the research to the empirical part.
After defining the concepts and variables they are available to use in formulating the questions for
the survey.

Based on the conceptual framework variables are categorized in the table 2. It also presents the
sub-variables and indicators are also determined.

Theory/concept Variable Sub-variables Indicators
Theory of built | The physical | Physical Sidewalk availability
environment builtenvironment | characteristics of - —
streets Sidewalk conditions
Width of sidewalk
Streetlight coverage
Types of aesthetics
Amount of sidewalk covered by green canopy g
- - &
Presence or absence of pedestrian crossings =
@D
Land use Land use mix (entropy index)
Population density
Accessibility
Street connectivity Intersection density (number of intersections per
square km)
Social Economics | Socio-economic | Age Different age groups
theory characteristics
Gender Male/Female
Household Family composition types
composition
Income (monthly) Different income groups g
Vehicle-ownership Ownership of different types of vehicles, Non- §
ownership of vehicles S
Perceived safety Level of safety
Travel behaviour | Walkability Walkability Index Level of land use
theory - -
Level of population density
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Level of intersection density  (street
connectivity)

Pedestrian Level of satisfaction on physical characteristics
walkability level

Level of satisfaction on accessibility to mixed-
land-uses

Level of satisfaction on accessibility to walking
infrastructures

Level of satisfaction on street connectivity

Pre-Covid-19 and current walking rates

Table 4. Operationalization table
3.3 Challenges and limitations

Several challenges and limitations are expected during undertaking the study. The major limitation
that study has is the complex nature of the research item. Walkability maybe understood as an
intricate “decision-making process”, that is influenced by numerous factors. Due to time
constraints only some relevant parts of factors are investigated. For example, some known strong
influencers on walking are not included in the study (for example, weather, slope). However, this
does not undermine the importance of the study. Moreover, it creates opportunity and base for the
future research.

Another challenge that is expected, is the Covid-19’s influence on response rate. To overcome this
barrier, if respondents’ willingness to answer hands-on questionnaire is low, online version will
be readily available as an alternative as according to the National Statistics office of Georgia, 88.4
% of Thilisi residents have access to the internet (2019).

Another possible limitation that study could face is the language barrier, therefore, to eliminate the
barrier questions will be provided in local language. Even though the questionnaire survey design
lacks depth as compared to semi-structured interviews, the literature review suggests the survey to
be the best method to analyse mode choices and preferences.

In addition, when a researcher studies the built environment and walkability, specific geographic
scale must be chosen (neighbourhood, census area, city). However, the question about which scale
could be the most suitable is left unanswered as no clear unity has been achieved among academia.
This fact affects the results (great variation) and complicates the process to compare the results
between different research (Learnihan and Giles-Corti, 2011). To overcome this challenge, one of
the most prevalent scales has been chosen as a study area. That is a census area that is named in
the study as Saburtalo district.
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Chapter 4: Presentation of data and analysis

This chapter includes the overview of the study area, respondents’ profile and analysis. Here, the
survey sample demographics are presented, and analysis are followed by survey and spatial
analysis results. Firstly, the districts’ overview is offered, followed by the descriptive statistics of
each variables. Descriptive statistics sub-chapter includes normality check that is primary step
before conducting any SPSS analysis. Besides, this chapter presents the influence of the pandemic
Covid-19 on respondents’ walking rates. Moreover, W1 is determined, and final score is also
presented here. The WI calculations are followed by the accessibility analysis for several main
facilities. Inferential statistics are also demonstrated in the chapter.

4.1 Overview of Saburtalo district

Data collection is completed in Georgia, Thilisi, Saburtalo with the area of 4.9 square kilometres
and population of 47,368 people that is 4% of Thilisi population. Saburtalo district with diverse
public, private and educational facilities, workplaces and recreational areas, is traversed with two
main arterial avenues, each one serving one-directional mixed traffic.

As already mentioned, due to restricted timeframe and pandemic constraints the research area
included only the sub-district of Saburtalo district.

The targeted sample size was 150. However, after taking into consideration pandemic constraints
the decision was made to reach more people in order to increase the chance of achieving the goal.
Therefore, to achieve desirable sample size 180 questionnaires were handed out. Some of the
respondents refused to answer the questions using hard copy of questionnaires. Alternatively, on-
line questionnaire was offered to them using Qualtrics platform. Entirely, 180 respondents were
reached out and the response rate was about 88% as 159 people have completed the questionnaire
(incomplete questionnaires are disregarded). However, the target sample is a bit over 100%
reached, which is better for quantitative analysis, as additional nine more respondents were
achieved in addition to the required sample size of 150, making a total of 159 respondents.

4.2 Descriptive statistics

4.2.1 Socio-economic characteristics

Regarding the gender, out of the whole sample 57% are female respondents and, accordingly, 43%
are male. The sample includes diverse age groups from 16 to 65+, with 35% (majority)
representing 19-28 age group. As for income, 30% of the respondents’ monthly income is within
the range of 600-1001 GEL, while 27% have up to 300 GEL. It has to be mentioned, that compared
to the average monthly income of 1350 GEL (GeoStat, 2019) up to 60% of the respondents have
well below the average salary. From the sample 62% does not have child/children (5 years old or
smaller), while 27% has one child (5 years old or smaller) and 11% has two children (5 years old
or smaller). As for the vehicle ownership 39% of the respondents indicated that they own at least
one motorized vehicle. Table 5 shows a profile of respondents.

number percentage

Gender Female 91 57%

Male 68 43%
Age less than 18 9 6%

19-28 55 35%

29-38 34 21%

39-48 29 18%

49-58 15 9%

59-68 10 6%
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69+

4%

Monthly income up to 300 GEL 43 27%
301 - 600 GEL 18 11%
601 — 1000 GEL 48 30%
1001 - 1500 GEL 29 18%
1501 — 2000 GEL 13 8%
2001+ 8 5%

Household composition (N 0 98 62%

of Children (younger than

5)
1 43 2%
2 18 11%

Vehicle owner Yes 62 39%
No 97 61%

Total 159 100% Total

Table 5. Survey respondents’ profile (source: Author, 2020)

Descriptive statistics table (see Table 6) shows the mean and standard deviation of the variables.

Descriptive Statistics

Table 6. Descriptive statistics (source: Author, 2020)

N Minimum Maximum Mean Std. Deviation
Walkability 159 1 4 2.21 0.741
LandUse 159 1 5 1.99 0.911
street_connectivity 159 1 4 2.19 0.658
physical_characteristiscs 159 1 5 2.58 1.063
Gender 159 1 2 1.43 0.496
Age 159 1 7 3.28 1.53
Monthly income 159 1 6 2.84 1.465
Vehicle ownership 159 1 2 1.39 0.489
Family size 159 1 8 3.78 1.362
number of children 159 0 2 0.5 0.692

Maximum and minimum values for the variables are shown in the Table 3 in Annex 2.

4.2.2 Walkability

Before the analysis begin, normality check should be carried out. Normality check is used to
determine whether the data was drawn from the normally distributed population. There are several
methods to test the normality. One of them is eyeballing the histogram.

Dependent variable histogram demonstrates the normal distribution. The mean value of the
variable is 2.21. While the standard deviation is 0.741 (n=159). The maximum value is 4 and the
minimum is 1. The values represent a five-points Likert scale “1” =
“agree”, “3” = “neutral”, “4” = “disagree”, “5” = “strongly disagree” (see Graph 1).

“strongly agree”, “2”
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Graph 2. Histogram of Walkability (source: Author, 2020)

4.2.3 Physical built environment

Independent variable histogram demonstrates the not normal distribution. The mean value of the
variable is 2.58. While the standard deviation is 1.063 (n=159). The maximum value is 5 and the
minimum is 1. The values represent a five-points Likert scale “1” = “strongly agree”, “2” =
“agree”, “3” = “neutral”, “4” = “disagree”, “5” = “strongly disagree” (see Graph 2).
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Graph 3. Histogram of physical built environment (source: Author, 2020)

4.3 Walkability analysis

It is very interesting to compare sample’s current and before the pandemic (Covid-19) walking
rates. After analysing the data, it is clear that 42.1% walks six to ten times per week while, before
the pandemic only 26.4% walked six to ten times per week. However, percentage of the people
who walked more than ten times per week before the pandemic is now considerably decreased
from 34.6% to 21.4% (See Figure 3 and Figure 4 and Appendix 2. Table 1 and Table 2).
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Figure 3. Average trips per week current state (source: Author, 2020)

Average walking trips per week (pre Covid-19)
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Figure 4. Average trips per week pre-Covid state (source: Author, 2020)
Reliability statistics for eleven items (physical characteristics) were generated using Cronbach’s
alpha. The value of .868 suggests high internal consistency between the items.



Reliability Statistics

Cronbach's
Alpha N of ltems

.B68 11

Reliability statistics for thirteen items (street connectivity) were generated the same way. The
value of .772 suggests high internal consistency between the items.

Reliability Statistics

Cronbach's
Alpha M of tems

Jg72 13

4.3.1 Walkability index
Walkability Index formula that is used in this study is adapted from the one originally developed
by Frank et al (2005) and discussed here in the 3™ Chapter.

Walkability index formula is composed of three parts: “z score of population density, z score of
street connectivity and z score of land use mix”. For standardization of the calculated values, equal
weights (0.33) have been assigned to each part. Formula used to calculate the index is as follows:

walability index = Z population density + 2 X Z street connectivity + Z land use mix

Formula 3. How to calculate the Walkability index

Data was prepared manually for street connectivity calculations. This was the only option taken
into consideration the fact that no suitable data was available. Besides, the considerably smaller
extent as a study area made the manual data preparation possible at this level. Street layer data
obtained from the municipality was examined using QGIS software. True intersections (with 3 or
more legs) where identified manually and was divided by the square km of the study extent.

Street connectivity = N of Tru intersections/Study area = 384/4.9 =78.4
For standardization of the calculated values, equal weights (0.33) have been assigned to each part.
Z Street connectivity = 78.4 * 0.33 = 25.9

Another part of the WI formula is population density. To calculate population density of Saburtalo
the data from National Statistics Office of Georgia was used.

Population density = Population/Study area = 47368/4.9 =96.67
The standardization value is as follows:
Z Population density = 96.67 x 0.33 = 31.9

The third part of the WI is land use mix (Entropy index) that represents the evenness of different
land uses. In the Land Use Mix here three categories (k) were used: Residential, Commercial and
Office. Entropy index (land use mix) is calculated using the formula 2 (see the Formula 2):

Land use mix = 0.65

The standardization value is as follows:
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Z Land use mix = 0.21
The final score represents the sum of these three parts.
walability index = 31.9 4+ 2 x 25.9 4+ 0.21 = 85.86
The result is WI=85.86. It is an unitless score and higher score indicates higher walkability level.

4.3.2 Accessibility analysis

Accessibility is one of the significant “aspects of the built environment” and can be “defined as
the ability to reach” the desirable location. It can be measured by the travel time (or distance) that
is needed to reach the destination. Walking distance is considered to be approximately 400-500
meters, that equals 5-minute walk (Hess, 2011). However, it differs by the purpose of the travel
and is depended on the slope, scenery, infrastructure, etc. For example, for walking for transport,
comfortable walking distance considered is 400-500 meters, that amounts approximately to 5-
minute walk. However, these estimates vary (Hess, 2011). For this study 500 meter accessibility
buffer was deduced from the HHS (2016) results concluded 1.5 km to be driving distance in Thilisi.
Moreover, studies have shown the results that “propensity to walk” starts to decrease when walking
time surpasses 5 minutes (Tiran et al., 2019). Accessibility buffer in the research amounts for 500
meters (5-minute walk) and is calculated from the centroid of the polygon. The buffer represents
the Euclidean distance from the centroid.

4.3.2.1 Accessibility to Grocery stores

According to spatial analysis buffer of 500 meters is taken into consideration as for the comfortable
walking distance to grocery stores (4-5 minutes walking distance). Dots on the map are all grocery
stores, that is very common in Georgia, for example, “Nikora” along the Sergo Zakariadze street
(479045.43; 4619608.81), “SPAR” along the VVazha-Pshavela Avenue (479101.52; 4619337.40),
“Ori Nabiji” along the Nutsubidze street (478683.90; 4619700.73) to name a few. Analysis shows
that approximately 69% of the district has comfortable access to the grocery stores (see Map 3).
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Saburtalo District

4619000

479000 480000 481000

Map 3. 500-meter buffer to grocery stores (source: Author, 2020)
It is interesting to see the survey results as well to detect any similarities or differences.

Survey results suggest that about 80% of respondents feel they have grocery store in the close
proximity to their homes (see Table 7).

There is a grocery store in close proximity to my house
Grocery store in close proximity

in this district
Frequency |Percent | Valid Percent

strongly agree 128 80.5 RO.S

agree 27 17.0 17.0

Valid
neutral 4 2.5 25 strongly agree neutral
agree
Total 15% 100.0 1000
Frequency table Ciraph

Table 7. Survey results: access to grocery stores (source: Author, 2020)

Difference between spatial analysis and survey results is approximately 11% in terms of
accessibility to grocery stores.
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4.3.2.2 Accessibility to recreational areas

For the recreational areas, 500 meters was considered as for the comfortable walking distance (4-
5 minutes walking distance). Analysis has demonstrated that about 39% of the area has
comfortable access to recreational areas (see Map 4).

479000 480000 481000

Saburtalo District

@ Recreational facilities
"1 500 meters buffer for parks/squares

479000 480000 481000

Map 4. 500-meter access to recreational areas (source: Author, 2020)

As for recreations facilities such as parks, plazas and squares survey results suggest that little more
than 50% of respondents feel they have access to such areas (see Table 8). Dots on the map
represent the recreational facilities in the district. Some “green” areas on the map are not marked
as the recreational facilities as they represent forest-type areas and are not classified as parks,
plazas or squares, however, all recreational facilities that are classified are covered.
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There is a park in close proximity to my house
in this district
Park in close proximity
Walid
Frequency | Percent 100
Percent
strongly ﬁ
Be 56.0 56.0 £
agree -
agree 33 20.8 208 E
neutral & A0 50
Valid
i o na 3 o ow
disagree 10 6.3 6.3 =g B 4 = =a
g8 1 5 & &
strongly pi=h i B m s
. 19 1.9 1.5 < [ o=
disagree
Tatal 159 100 | 100.0
Frequency table Graph

Table 8. Survey results: access to parks (source: Author, 2020)

Difference between spatial analysis and survey results is approximately 11% in terms of
accessibility to parks.

4.3.2.3 Accessibility to schools

As for the accessibility to public schools 500 meters of comfortable distance have been chosen (4-
5 minutes walking distance). As the analysis shows little more than 42% of the area is in the cover
of 500 meters buffer (see Map 5). Public schools in Georgia unite primary, secondary or tertiary
schools. The analysis does not include private schools as they tend to be very expensive and are
not accessible to everyone.
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Map 5. 500-meter access to public schools (source: Author, 2020)
The survey results suggest that 53% of respondents feel they have access to schools (see Table 9).

There is hool in close to house in this distriet
ere is a sc proximity to my house School in close proximity
Frequency | Percent | Valid Percent
-
Valid | strongly agree 85 53.5 535 E
-
agree 39 245 245 g
neutral 16 10.1 10.1 - —
5 P
disagree 5 31 3.1 = A
& =
strongly disagree 14 8.8 83 2 £
e
Total 159 100.0 100.0 =
Frequency table Graph

Table 9. Survey results: access to schools (source: Author, 2020)

Difference between spatial analysis and survey results is approximately 11% in terms of
accessibility to schools.
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4.3.2.4 Accessibility to transportation
As for access to transportation facilities such as bus stops and metro stations, 500 meters is
considered as comfortable walking distance, that is considered as 4-5 minutes walking distance.
As the analysis reveals about 84% of the area has the access (see Map 6). Dots on the map represent
bus stops and metro stations in the district.

479000 480000 481000

Saburtalo District Map Key

[ study Extent
Transportation
| 500 meters buffer for bus/metro

479000 480000 481000

Map 6. 500-meter access to transportation facilities (source: Author, 2020)

The survey results suggest that 67% of respondents feel they have access to transportation facilities
(see Table 10).
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There is a bus/metro station/stop in close proximity to my

house in this district
Bus/metro station / stop in close proximity

Valid 120
5 1c0
Frequency | Percent | Percent o
E &0
3 e
Valid | strongly agree 108 678 67.5 E -
£ ow
24
apres is 22.0 22.0 o
" -z 3 = =
g = = & e
nentral f kN kN 8 = o = B
= = 3 =
c 8 =
disagree 5 3l il i £
7
strongly disagree 5 3l 3l
Total 159 100.0 100.0
Frequency table Graph

Table 10. Survey results: access to schools (source: Author, 2020)

Difference between spatial analysis and survey results is approximately 17% in terms of
accessibility to bus stops/metro stations.

4.3.3 Inferential statistics

Multiple linear regression has been used to determine the relationship nature between walkability
and physical built environment and socio-economic characteristics of the district. In Multiple
linear regression analysis most important components that are most commonly reported are values
(highlighted in tables):

e ,R-square” — explaining the variance. The R-square value is always between 0-1 and it
determines the fit of the model into the data. Higher the value, better (Stockemer, 2019).

e ,Coefficient B“ — representing the effect of variable X on variable Y, in other words, “it
indicates the change in the DV associated with a 1-unit change in the 1V” (Stockemer,
2019).

e ,sig“ - representing statistical significance.

4.3.3.1 Physical built environment
Models measures the relationship between physical built environment and walkability in Saburtalo
district.

Table 11 presents correlation between physical characteristics variables in Saburtalo district. The
most significant positive correlation is shown between physical characteristics and sidewalk
quality and sidewalk width.

Sidew Quality Streetli
physical_  street_c alks of Sidewa  ghts  Street
characteri onnecti Land presen sidewal Ik presenc furniture Trees Crosswalks_
stiscs vity Use ce ks width e presence presence presence
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physica Pearson 1
|_chara Correlatio
cteristis n
cs .
Sig. (2-
tailed)
street_c Pearson 402" 1
onnecti  Correlatio
vity n
Sig. (2- .000
tailed)
LandUs Pearson 298" 425" 1
e Correlatio
n
Sig. (2- .000  .000
tailed)
Sidewal Pearson 538" 230" 221" 1
ks Correlatio *
presenc n
e
Sig. (2- 000  .004 .005
tailed)
Quality Pearson 720" .294™ 277" 557" 1
of Correlatio * "
sidewal n
ks .
Sig. (2- .000 .000 .000 .000
tailed)
Sidewal Pearson .624™" 169" .260° .574° 7177 1
k width Correlatio * *
n
Sig. (2- .000 .034 .001 .000 .000
tailed)
Streetli Pearson 418" 097 .050 .214° 412" 343"
ghts Correlatio *
n
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e
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tailed)
Pearson
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n
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Pearson

Correlatio
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Sig. (2-
tailed)

N

.000

670"

.000

682"

.000

.601™

.000

159

225

309"

.000

327

.000

409"

.000

159

531

221"

.005

193"

.015

438"

.000

159

Table 11. Correlation (Source: Author, 2020)

.007

.383"
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.378™ 1

.000
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Regression analysis output shows some difference in R square value between two models. The

Model 1 illustrates a positive (+) and statistically significant (.000) relationship between variables.

The R-squared value (.560) of the model underlines that the physical characteristics explain the

56% of the variance in the walkability. Coefficient B (.521) suggests if in the area more physical

characteristics are introduced walkability will increase by .521 (See Table 12).

The Model 2 illustrates a positive (+) but not statistically significant (.332 and .330) relationship

between variables. However, there are several exceptions:

“Streetlight presence” shows a negative (-) relationship with walkability with .002

statistical significance. In other words, it shows the relationship when one variable

decreases the other one increases, or vice versa. This result suggests that if independent

variable (here, streetlight presence) increases, dependent variable (walkability) decreases

by .172. That is very unexpected result, because as the literature suggests streetlight
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presence facilitates sense of safety that, in turn, is associated with increased walkability
(Pefia-Garcia et al., 2015; Sallis et al., 2015; Vich et al., 2018).

e “Crosswalks” show a positive (+) relationship with walkability with .000 statistical
significance. In other words, if the presence of crosswalks is increased the walkability will

also increase by .156.

The R-squared value (.861) of the model is similar to the model 1 and it underlines that the physical
characteristics with perceived safety explain the 86.1% of the variance in the walkability (See

Table 12).

Model Summary

Maodel R R Square Adjusted R Square Std. Error of the Estimate
1 7480 560 557 A93
2 _Rngh 654 638 Adb

a. Predictors: {Constant), physical _characteristiscs

b. Predictors: (Constant), physical characterigtiscs, streetlights, sidewalks, crosswalks, trees, Sidewalk width, Quality of

sidewalks
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Unstandardized Coefficients

Coeflicients

Standardized Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) B66 103 E.402 00
physizel_characte 521 037 T48 14.127 000

2 {Constant) 850 101 9.370 000
physical characte 221 074 317 2.974 003
sidewalks 039 040 D60 977 330
quality of 104 D042 A58 2.449 015
sidewalks
Sidewalk width D38 039 074 974 332
streetlights -172 054 -176 -1.204 002
trees 097 039 170 2.476 014
Crosswalks 156 035 278 4.437 00

a. Dependent Variable: Walkability

Table 12. Regression analysis (source: Author 2020)

4.3.3.2 Socio-economic characteristics

Models measure the relationship between socio-economic characteristics and perceived safety and
walkability.

Table 13 presents correlation between socio-economic characteristics and perceived safety. The
most significant correlations are shown between “sense of safety (traffic)” and “sense of safety
(streetlight)”. Moreover, a weak and moderate negative correlation is presented between “age” and
“gender”, “sense of safety (traffic)” and “age”, “gender”.

Gender

Gender Age

Pearson 1

Correlation

Monthly Vehicle Family

income ownership compositio
n (N of
children)

Sense of

safety (in

terms of
traffic)

Sense of
safety (in
terms of

streetlights)
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Age

Monthly

income

Vehicle
ownershi

p

Family

composit
ion (N of
children)

Sense of
safety (in
terms of

traffic)

Sense of
safety (in
terms of
streetligh
ts)

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

Pearson

Correlation

Sig. (2-

tailed)

N

.769

.023

.769

.195"

.014

.041

.610

.094

.480

159

.644

-111

.163

.007

.932

.164

274

159

Table 13. Correlation (Source, Author 2020)

.000

271

.001

.090

.260

.000

159

.002

-011

.891

126

115

159

.082

.305

.031

.696

159

.000

159

159

Regression analysis output shows significance difference in R square value between two models.

The Model 1 illustrates a negative (-) and not statistically significant (.198 and .541) relationship
between variables “age” and “family composition” and “walkability”. Coefficient B for “age” (-
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.050) and “family composition” (-.055) implies if the age increases the walkability decreases by
.050 and if the number of children increases the walkability decreases by .055. The R-squared
value (.033) of the model underlines that the physical characteristics explain the 3.3% of the
variance in the walkability (see Table 14).

The Model 2 illustrates negative (-) and not statistically significance (.488 and .249) relationship
between the same variables as Model 1. However, “sense of safety” shows high statistical
significance and the value of coefficient B (.254) implies if the sense of safety increases the
walkability will also increases by .254. The R-squared value (.229) of the model underlines that
the physical characteristics and sense of safety explain 22.9% of the variance in the walkability.

Muodel Summary

Model E R Square Adjusted R Square Std. Error of the Estimate
1 (1820 033 002 740
p A7gh 229 194 B65

a. Predictors: (Constant), Family composition (N of children), Age, Gender, Monthly income, Vehicle ownership

b. Predictors: (Constant), Family composition (N of children), Age, Gender, Monthly income, Vehicle ownership, Sense of safety (in

terma of traffic), Sense of safety (in terms of streetlight)
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a.

Unstandardized Coefficients

Standardized

Coefficients

of streetlight)

Muodel B Std. Error Beta t Sig.

1 {Constant) 2.028 274 7.404 00
Gender 98 121 Rl EOR A20
Age -.050 039 -104 -1.293 198
Muonthly income 052 046 102 1.126 262
Vehicle ownership 65 140 043 463 b4
Family composition (N of -055 Kik -.051 -.613 541
children)

2 {Constant) 1.310 275 4.760 00
Gender 186 A10 125 1.691 093
Age -.024 0335 -.050 -.695 ABR
Monthly income 032 043 63 745 A57
Vehicle ownership 107 126 071 .B51 3596
Family composition (N of -0 081 - 88 -1.157 249
children)
Sense of safety (in terms 254 D049 462 5.196 2000
of traffic)
Sense of safety (in terms -014 B2 -0la =175 Ebl

Dependent Variable: Walkability

Overall, the second model with ,,sense of safety in terms of traffic* and ,, sense of safety in terms
of streetlight* explains the data better as the R-square value of the model 2 is higher than the model

1.

4.3.3.3 Chi square test

Gender and walking
The test results show not statistically significant (p=.631) association between gender and average

weekly walking among the respondents.
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N trips by walking per week * gender

Count

gender

- Total

female male
0-5 36 22 58

M trips by
walking 6-10 7 30 67
perweek o 1% 16 34
Total 91 6E 159

40

30

20

1

=]

Table 14. Association between gender and walking (Source: Author, 2020)

Pearson Chi-Square
Likelihood Ratio

Linear-by-Linear Association

N of Valid Cases

Value

Chi-Square Tests

o921

4923

B35

159

df

0-5 6-10 10+

mfemale mmale

Asymptotic Significance (2-sided)

2 631
2 630
1 A6l

a. 0 cells (0.0%:) have expected count less than 5. The minimum expected count is 14.54.

Table 15. Chi-Square test (Source: Author, 2020)

Income and walking

The test results show statistically significant (p=.004) association between monthly income and
average weekly walking among the respondents. Which means that relationship between monthly
income and average weekly walking rates is unlikely to be caused by the chance. Also, it is clear
that respondents with higher monthly income walk less, compared to respondents with lower

monthly income.
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N trips by walking per week * monthly income

Count
monthly income? Total
up to 300 301 - 600 601 1001 1501 20014
GEL GEL 1000 GEL 1500 GEL 2040 GEL
: 0-5 13 ] 13 15 7 4 58
N trips by
walking per  6-10 22 10 25 4 6 ] a7
10+ ] 2 10 10 0 4 14
Total 43 18 48 29 13 . 159
Ei]
20
10 I
C Inlime BN D_ND o
0-5 6-10 10+

mupto 300GEL wm301-600 GEL w601-1000 GEL 1001 — 1500 GEL w1501 - 2000 GEL m 2001+

Table 16. Association between income and walking (Source: Author, 2020)

Chi-Square Tests
Asymptotic Sighificance (2-
Value df sided)
Pearson Chi-Square 258920 10 004
Likelihood Ratio 32,547 10 000
Linear-by-Linear Association A06 1 524
N of Valid Cases 159

a. 6 cells {33.3%:) have expected count less than 5. The minimum expected count is 1.71.

Table 17. Chi-Square test (Source: Author, 2020)

Family composition and walking
The test results show not statistically significant (p=.036) association between family composition
(number of children) and average weekly walking among the respondents.

46



N trips by walking per week * N children &0

50
Cout 40
M children 30
20
0 1 2 I I
10 I
05 30 18 10
N trips by 0 .
walking 6-10 49 16 2 0-5 6-10 10+
week
per 10+ 19 9 4]
ld ml m2
Total o8 43 18

Table 18. Association between family composition and walking (Source: Author, 2020)

Chi-Square Tests
Asymptotic Significance (2-
Value df sided)
Pearson Chi-Square 10.2458* 4 036
Likelihood Ratio 11.519 4 021
Linear-by-Linear Association S608 1 436
N of Walid Cases 159

a1 gells (11.1%) have expected count less than 5. The minimum expected count is 3.85.

Table 19. Chi-Square test (Source: Author, 2020)

Age and walking
The test results show not statistically significant (p=.041) association between age and average
weekly walking among the respondents.

N trips by walking per week * age

Count
age
Total
'essltgha” 19-28 29-38 39-48 49-58 59-68 69+

N trips by 05 0 16 16 13 1 58
walking per 6-10 5 27 9 10 3 67
week 10+ 4 12 9 6 3 34
Total 9 55 34 29 15 10 7 159
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30

20

10

II I-_ | I l.- III -
0-5 B-10 10+

m age less than 18

mage 19-28 mage 29-38

Table 20. Association between age and walking (Source: Author, 2020)

age 39-48 mage 49-58 mage 59-68 mage 69+

Chi-Square Tests
Value df Asympiotic Significance (2-sided)
Pearson Chi-Square 21.598" 12 042
Likelihood Ratio 29564 12 003
Linear-by-Linear Association 2.868 1 090
N of Valid Cases 159

a. 10 cells {47.6%) have expected count less than 5. The minimum expected count is 1.50.

Table 21. Chi-Square test (Source: Author, 2020)

Vehicle ownership and walking

The test results show not statistically significant (p=.484) association between vehicle ownership
and average weekly walking among the respondents.

N trips by walking per week * vehicle ownership 50
Count 40
wehicle ownership 30
Total
o Ves 20
c 32 26 58
N trips by 10
walking 6-10 44 23 &7 0
perweek 1o, 21 13 34
Total a7 62 159

0-5 6-10 10+

EnC W Yyes

Table 22. Association between vehicle ownership and walking (Source: Author, 2020)
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Chi-Square Tests

Asymptotic Significance (2-

Value dr sided)
Pearson Chi-Square 1.451* 2 A84
Likelihood Ratio 1.448 2 ABS
Linear-by-Linear Association 627 1 429
N of Valid Cases 159

a. 0 cells {0.0%%) have expected count less than 5. The minimum expected count is 13.26.

Table 23. Chi-Square test (Source: Author, 2020)

perceived safety and walking
The test results show not statistically significant (p=.539) association between perceived safety
and average weekly walking among the respondents.

N trips by walking per week * perceived safety

Count
Perceived safety Total
Strongly . Strongly
agree apgree neutral disapree disagree
. 0-5 26 13 13 4 2 58
N tips by
walking per  6-10 30 18 17 2 0 67
10+ 11 12 7 2 2 34
Total a7 43 37 3 4 159
40
30
20
i I I I I I
0 [ l . [
0-5 &-10 10+
mStrongly agree  magree mneutral disagree m Strongly disagree

Table 24. Association between perceived safety and walking (Source: Author, 2020)
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Chi-Square Tests

Value df Asymplotic Significance (2-sided)
Pearson Chi-Square 6.975° B 539
Likelihood Ratio 8285 ] Ala
Linear-by-Linear Association 229 1 632
N of Valid Cases 159

a. 6 cells (40.0%:) have expected count less than 5. The minimum expected count is 6.

Table 25. Chi-Square test (Source: Author, 2020)
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Chapter 5: Conclusions

Environment crucially needs changing people’s behaviours to face up challenges connected to
climate change. Only the transportation sector is responsible for 20.4% of CO2 emission from fuel
combustion (World Bank, 2014). Moreover, challenges connected to human health are associated
with transportation as according to the World Health Organization (2018), road traffic-related
deaths remain consistently high as 1.35 million people die globally each year. People spent more
and more hours in congestion and congestion develops into “economic tax on cities”. In addition,
transportation is one of the substantial items of a household budget and in car-dependent cities
underdeveloped opportunities for other modes, other than a private vehicle, social exclusion
increases (Leveraging Urban Mobility Disruptions to Create Better Cities, 2020). Thus, changing
travel behaviour could affect on the three pillars of sustainable development. To change the travel
patterns and behaviour it is crucial to fully understand what factors influence walkability in a
particular neighbourhood. One of the most important and common factors influencing walkability
could include physical built environment and socio-economic characteristics.

Thus, the research was motivated to study the walkability of Saburtalo District of Thilisi and to
compare subjective and objective measures. The study focused on quantitative data collection
method and also gathered data from the municipality and other local sources to achieve the
triangulation and arrive at a reasonable conclusion. It has to be mentioned that the survey showed
unexpected results that will be elaborated further in the following sections.

With regards to the main research question, the study explored the walkability index measured by
survey and by spatial analysis. Walkability index was defined as the dependent variable, while
physical built environment and socio-economic characteristics were represented as independent
variables.

Several challenges and limitations were identified during undertaking the study. The major
limitation that the study has is the complex nature of the research item. Walkability may be
understood as an intricate decision-making process, that is influenced by numerous factors. Due
to time constraints, only some relevant parts of factors are investigated. For example, some known
strong influencers on walking are not included in the study (for example, weather, slope).
However, this does not undermine the importance of the study. Moreover, it creates opportunity
and base for future research.

Another challenge that was identified, is the Covid-19’s influence on the response rate. To
overcome this barrier, in case of respondents’ willingness not to answer a hands-on questionnaire,
the online version was available as an alternative as according to the National Statistics Office of
Georgia, 88.4 % of Thilisi residents have access to the internet (2019).

Another possible limitation identified was the language barrier, therefore, to eliminate the barrier
questions was provided in local language.

In addition, the question about which scale is the most suitable for walkability research is left
unanswered as no clear unity has been achieved among academia. This fact affects the results
(great variation) and complicates the comparison process of different studies’ results (Learnihan
and Giles-Corti, 2011). To overcome this challenge, one of the most prevalent scales has been
chosen as a study area. That is a census area that is named in the study as Saburtalo district.

During the analysis, descriptive and inferential statistics were used.
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5.1 Sub-research question 1

The first sub-research question is trying to understand how does physical infrastructure influence
walkability in Saburtalo district. The research question is explored via the sub-variables and their
indicators such as physical street infrastructure, land use and street connectivity. In response to the
first sub-question primary and secondary data was used in analysis subjective measures were
coupled with objective measures. This created an opportunity to compare and contrast different
measurement tools.

The analysis shows a moderate difference between the subjective and objective approaches. For
example, the difference between GIS analysis and survey results is approximately 11% in terms
of accessibility to grocery stores, parks and schools. In terms of transportation, the difference
equals 17%. Meaning of the difference is that more respondents feel they have parks, grocery
stores, transportation facilities and schools in the vicinity of their homes.

On the other hand, majority of the respondents answered that in Saburtalo, physical infrastructure
is adapted to disabled people’s needs, which is not (Institute for Development of Freedom of
Information, 2016). That could be the reason for previous attitudes and lifestyle, when disabled
people tend to stay at home, only since 2010 started the awareness rising for the inclusive
education, for example. One could rarely see a disabled person in the street. Two reasons may be
behind this fact: the first, the lack of awareness and the second the lack of infrastructure, that is
still missing in the Thilisi, however, apparently, still not many people are aware of the fact.

Regarding the first sub-question, literature suggests that sidewalk presence (see Annex 2:
Visualizations, Map 7. Sidewalk presence in Saburtalo district) and width is one of the most
encouraging factors for people to walk (Wicramasinghe and Dissanayake, 2017; Institute of Urban
Studies, 2016). However, even though, in fact, there are limited space available for sidewalks
people still think that their neighbourhood is mostly covered by the sidewalk grid.

On the other hand, trees (see Annex 2: Visualizations, Map 8. Trees presence alongside sidewalks
in Saburtalo district) along the sidewalk are presented in the district and so it is proved by the
survey that it creates a pleasant atmosphere. Similarly, encouraging nature of the presence of
streetlights (Pefia-Garcia et al., 2015; Sallis et al., 2015; Vich et al., 2018) or walkability is also
proved as the district is covered by the streetlights.

The land-use mix is also considered to be one of the strongest influencers of walkability and quite
an array of facilities (see Annex 2: Visualizations, Map 9. Facilities in Saburtalo district) are
presented in the district.

Therefore, physical infrastructure encourages walkability in Saburtalo district by mixed land use,
streetlight presence, presence of trees alongside sidewalks that can provide pedestrians with shade
from the sun in hot summer days and be aesthetically pleasing for them that is shown in the analysis
by the effect and significance level.

5.2 Sub-research question 2

The second sub-research question is trying to understand how the socio-economic characteristics
influence walkability in Saburtalo district of Thilisi. The research question is explored via the sub-
variables and their indicators like monthly income, age, vehicle ownership, gender, household
composition and perceived safety.
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Regarding the second sub-questions, the influence of socio-economic characteristics on
walkability was explored. This is the place where unexpected results were revealed. Scio-
economic characteristics were expected to be influencers of walkability; however, the results are
different.

Literature suggests that socio-economic characteristics like age, gender, income, car ownership
and household composition (having children) have been found to influence walkability (Schneider,
2013; Clifton et al, 2016). Clifton et al. (2016) found evidence that pedestrians’ will to walk is
strongly influenced by socio-economic characteristics such as car ownership and children in
household (household composition). Schneider, (2013), on the other hand, adds to the group of
characteristics age, gender and income as significant influencers. Moreover, the sense of safety
has also been found to be one of the influencers (Pefia-Garcia et al., 2015). However, most of the
socio-economic variables show not statistically significant association between them and
walkability in the district of Saburtalo. With only one exception, monthly income and walking
seem to have a statistically significant association between two of them (p=.004).

This could be explained by the fact that lower-income households are likely not able to purchase
a vehicle.

Therefore, the effect of socio-economic characteristics influencing walkability is not found in
Saburtalo district. None of the variables, except monthly income, have shown significant
association with walkability in the analysis.

5.3 Main research question

The main research question is trying to answer the question of how the physical built environment
and socio-economic characteristics influence walkability in Saburtalo district. Answers to the first
and the second sub-questions provide an answer to the main research question.

As the interpretation of the analysis of the first and the second sub-research questions suggests
subjective indicators play a lesser role in walkability determination rather than the objective ones
in Saburtalo district. In other words, analysis has shown that mixed land use, presence of streetlight
and trees have a more significant position in determining walkability in Saburtalo district than age,
gender or vehicle ownership, for example.

Thus, it can be concluded that the analysis has shown less influence than expected. As the answers
to the sub-research questions suggest in Saburtalo district physical built environment has more
influence on walkability than socio-economic characteristics.

5.5 Recommendations

First of all, this research is the initial effort to explore characteristics influencing walkability in
Saburtalo districts. The research findings show that there is a need for a wider variable range, for
example, education level, relief and weather.

Secondly, time and pandemic constraints restricted the ability to include several districts in the
survey and spatial analysis. Therefore, another recommendation is to widen the study area. This
would create an opportunity to generalize the findings on the whole city.

Thirdly, another recommendation is to include a pedestrian network in spatial analysis instead of
the street network. Pedestrian networks represent a much precise picture while assessing the
walkability of the district. Also, another important aspect to include in the analysis is the actual
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pedestrian network while assessing the accessibility of the district. In this study Euclidean distance
is used, which in fact is not a precise representation of the pedestrian route. The choice of the
Euclidean distance in this research is influenced by the unavailability of data. Besides, field
collection of such data is time and labour consuming which was not possible in the case.

5.6 The Author’s outlook

The analysis clearly shows how physical built environment encourages walking in the district. If
the sidewalk network will increase and adequate width will be provided it is evident that
walkability in the district will increase. Moreover, types of aesthetics and green areas could also
be developed along the sidewalks to create more interesting surroundings. Pedestrian crossings
could be added too as the facts clearly show the need for them, even though the survey showed
satisfying results.

To reflect on the Covid-19 pandemic, it has laid great challenges on Thilisi, and on the world in
general. Currently, the government has stopped the operation of public transport and private
vehicles are allowed to use newly implemented bus lanes, now people completely rely on other
modes of transportation — mostly taxi and private vehicles. If the pandemic persists, it seems that
changing people’s travel behaviour will be an even more painful process as now vehicle-owners
are getting used to using bus-lanes. Moreover, work already done towards influencing people’s
behaviour to use more sustainable modes by providing them with adequate mode choice could be
wasted.

However, if the pandemic disappears in a few months or even in a year, the municipality could
shift on a path of resilient recovery and continue aspiration towards sustainable development.

To summarize, the key to increased walkability in Saburtalo district clearly is refining and
developing physical built environment.
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Annex 1: Samples of the questionnaire

English:
Introduction
Thilisi, Saburtale district
2020

Hello, my name is Salome Sharashenidze. [ am currently enrolled in the Urban Management and
Development (UMD) Masters’ course in Erasmus University, Rotterdam. This is the study that
aims to investigate how built environment and socio-economic characteristics affect walkability
in Saburtalo district of Thilisi city. The study is confidential, and the information will be used only
for academic purposes. Please answer all the question by ticking the relevant box.

Thank you for your time.
Date

Place

Number of interviews:

Name of interviewer:
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10.

11.

12.

13.

14.

Please circle the correct answer.
Do you live in Saburtalo district?

o yes 0 no

If the answer on 1% question is “no” please do not fill the rest of the questionnaire

What is the purpose of today’s trip by walking? Please choose more than one answer if
applicable.

o work obusstop O exercise/recreation 0O shopping/eating
On average how many trips do you make by walking per week?
00-5 06-10 g 10+

On average how many trips did you make by walking per week before the pandemic
(Covid-19)?

00-5 g6-10 g 10+

What is the common purpose of your trips by walking per week? Please choose more than
one answer if applicable.

o work o busstop O exercise/recreation 0 shopping/eating

There are sidewalks along the streets in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Quiality of sidewalks encourages walking in this district

o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
Sidewalk width is enough for two people to walk comfortably side-by-side in this district
o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
There are streetlights along the streets in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
There are interesting sculptures in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Scenic views make walking in this district pleasant

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Street furniture makes walking in this district pleasant

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Beautiful parks make walking in this district pleasant

o Strongly agree 0 Agree o Neutral o Disagree o Strongly disagree
There are trees along the streets in this district to provide shade from sun while walking
o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

There are several crosswalks that make walking easier in this district

o Strongly agree 0 Agree o Neutral o Disagree o Strongly disagree
There are diverse residential options (apartments, houses) in this district

o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
There are diverse public/private options (offices, banks, schools, restaurants) in this district
o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
This is a densely populated district

o Strongly agree 0 Agree o Neutral o Disagree o Strongly disagree
Direct routes with numerous intersections make walking pleasant in this district
o Strongly agree O Agree O Neutral o Disagree o Strongly disagree
Walking in this district is safe (in terms of traffic)

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Walking at night in this district is safe because streets are adequately lit

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
There is a grocery store in close proximity to my house in this district

o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
There is a park in close proximity to my house in this district

o Strongly agree O Agree O Neutral o Disagree 0 Strongly disagree
There is a school in close proximity to my house in this district

o Strongly agree 0O Agree O Neutral o Disagree o Strongly disagree
There is a bus/metro station/stop in close proximity to my house in this district

o Strongly agree 0 Agree o Neutral o Disagree o Strongly disagree
My workplace is in close proximity to my house in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Sidewalks are easily accessible to people with disabilities in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
Sidewalks in this district are barrier (parked cars, construction fences, trash bins) free
o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
There are several paths to access grocery store in this district

o Strongly agree 0 Agree O Neutral o Disagree o Strongly disagree
There are several paths to access park in this district

o Strongly agree 0 Agree o Neutral o Disagree o Strongly disagree
There are several paths to access school in this district
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32.

33.

34.

35.

36.

37.

38.

39.

40.

o Strongly agree o Agree o Neutral o Disagree o Strongly disagree

There are several paths to access bus/metro station/stop in this district

o Strongly agree o Agree o Neutral o Disagree o Strongly disagree
There are several paths to access my workplace in this district

o Strongly agree o Agree o Neutral o Disagree o Strongly disagree
There are no or few cul-de-sacs in this district

o Strongly agree o Agree o Neutral o Disagree o Strongly disagree
What is your gender?

o Female o Male

What is your age?

o less than 18 o19-28 029 -38 039-48 o 49 - 58 059 - 68
o69+

What is your monthly income?

o up to 300 GEL 0301-600GEL o 601-1000GEL b 1001 -1500 GEL
0 1501 - 2000 GEL [ 2001 +

Do you own a vehicle (car, motorcycle, etc)?

o yes 0 no

How many members does your family have? Please indicate a numeric value
O

How many children does your family have? Please indicate a numeric value
O
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10.

11.

300bm30 ImbodbMmo LalivyH3zgero 3sLwb(9d)o.
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O 3o 0 56o
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005 O6-10 g 10+

d060055 M5 30Bbom IEObsMM BIbom 33060l §56353¢MdsT0?

O bbb O 53BHMIMLOL QoBgMYO/TIEGHOML LA O JoLYOMDYDdS/ZoGrX0T0 O
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Annex 2: Visualizations

Table 1. Average walking trips per week

On average how many trips do you make by walking per week?

Frequency Percent Valid Percent
0-5 58 36.5 36.5
6-10 67 421 421
10+ 34 214 214
Total 159 100.0 100.0

Table 2. Average walking trips per week pre Covid-19

On average how many trips did you make by walking per week before the pandemic (Covid-19)

Frequency Percent Valid Percent

0-5 62 39.0 39.0

6-10 42 26.4 26.4

10+ 55 34.6 34.6

Total 159 100.0 100.0

Table 3. Maximum and minimum values of the variables
Minimum Value Maximum Value

Walkability 1 Strongly agree 4 Disagree
LandUse 1 Strongly agree 5 Strongly disagree
street_connectivity 1 Strongly agree 4 Disagree
physical_characteristiscs 1 Strongly agree 5 Strongly disagree
Gender 1 Female 2 Male
Age 1 Less than 18 7 69+
Monthly income 1 Up to 300 GEL 6 2001+
Vehicle ownership 1 Yes 2 No
Family size 1 Total value 8 Total value
number of children 0 Total value 2 Total value
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Map 8. Sidewalk presence in Saburtalo district (Source: Author, 2021)

478000 479000 480000

Saburtalo District

Sidewalk presence

— No sidewalk

—— Adequate sidewalk
Sidewalk with barriers or

4621000

4620000

4619000

478000 479000 480000 481000

Here, on the map with purple boundary is shown the study area. Red lines represent streets
without sidewalk. Yellow lines on the other hand show streets with inadequate width or with
barriers. Green lines present streets with adequate sidewalk.
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Map 9. Trees presence alongside sidewalks in Saburtalo district (Source: Author, 2021)
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Saburtalo District

Map Key
[ Study Extent
© trees
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Here, on the map with purple boundary is shown the study area. Green dots represent trees.
However, it has to be mentioned that not every single tree is marked on the map. Only ones
that are alongside streets and provide pedestrians shade from the sun are taken into
consideration and are represented on the map as green dots.
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Map 10. Facilities in Saburtalo district (Source: Author, 2021)

479000 480000 481000
= ==

Saburtalo District Map Key

[ Study Extent @ Financial faciliies 4 Public School [] 500 meters buffer for grocery stores
Facilities © Pharmacy 9 Recreational facilities
@ Eating facilites € Grocery Transportation

Here, on the map with purple boundary is shown the study area. Colourful dots represent
various facilities, with 500-meter accessibility buffer. The colour code is explained in Map
Key.
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