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Abstract

Walkability index is widely utilized based on objective attributes to assess potential of walking. However,
researches discussed that objective attributes are self-evaluated and hence subjective measurements are required
to better evaluate walkability. This study claims that self-evaluation of objective attributes differs among
mandatory and non-mandatory trips. This suggest that while increase of walkability either objective or subjective
potentially increase walking, it does not necessarily change behavior of mode choice in peak-time mandatory trips
and hence may not be helpful for solving traffic problems. As a result, a more precise study is required if a more
normative set of policy making is aimed.

A data collection was conducted in May 2023 in Kermanshah, Iran. A total of 623 participants answered a paper
questionnaire. Two logistic regression models were developed to reveal the effective variables on walking choice
for mandatory and non-mandatory trips. Results explored that safety, slope, pavement, tree existence and
connectivity significantly affect walking choice in mandatory trips. Whereas non-mandatory trips are under the
influence of safety, slope, pavement, tree existence, connectivity, furnish and width. Overall evaluating of the
result suggests that encouraging more people to walk for mandatory (work and educational) trips requires a more
comprehensive plan including diverse strategies beyond sidewalks enhancement.
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1. Introduction

After decades of ignoring walking networks in
urban development, a worldwide attention has
been drawn to walking as a dignified mode of
mobility through sustainable development. This
promises a more livable urbanization through
less resource consumption, less mitigated
emission and lower noise. Moreover, public
health will improve by induced physical
activities in a healthier lifestyle. Various
strategies in local, city or national level have
been applied to encourage more people to walk
more (Winter et. al., 2017). Amongst is
providing walkable pathways which target
developing built-environment characteristics
(e.g., lightening, slope, widths, pavement,
existence of furniture, existence of tree) of the
pathways. Herein a definition of walkability
and a corresponding index (walkability Index:
WI) have been proposed by researchers in a
rather wide literature. WI can initially assess the
walkability of a pathway in existing condition
and finally suggest a defendable prioritization
of investment for municipals. Most of the
previous studies focused on objective
characteristics (Schlossberg, 2006; Leslie et al.,
2007; Lwin et al., 2010; Taleai and Sabzali
Yameqgani, 2017; Mayne et al., 2012; Weyman
et al., 2008; Peiravian et al., 2014; Christensen
et al., 2014; Sabzali et al.,2015). While
environmental possibilities are prepared for
walking, each individual values it in a personal
manner. Hence, researchers (Ewing & Handy,
2009; Gebel et. Al., 2011; Zhou et. al., 2019;
Bleci¢ et al., 2020; Forsyth, 2015; Fancello et.
al., 2020) considered further
subjective/perceived variables to calculate the
WI in order to gain a more precise index which
can better reflect final decision of citizens to
walk. Previous study in Iran revealed that
Iranians are ready to pay extra tax for
implementation of walkability policies that aim
enhancing safety, social, spatial, and
accessibility of pathways which were all
measured subjectively (Qazimirsaeed, 2022).
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Considering factors previously discussed,
raising the walkability of path will potentially
attract more walkers. As Fancello et. al. (2020)
mentioned, “Walkability is the potential of the
built environment to encourage individuals
walking.” This result is certainly a success
because it can increase the public health and is
the strategy which the World Health
Organization follows in physical activity action
plan in 2018-2030 (WHO, 2018). However,
walkable spaces do not necessarily make citizen
walk in their regular trips. Hence, transportation
planners may not account on walkable
pathways for solving the congestion problems.
Different reasons can be discussed in this
regard. First; it is not clear that (what percentage
of) the additional walkers have replaced their
motorized trips by walking, because they may
simply do walk as a new leisure activity.
Second; it is not guaranteed that new walkers
behave similarly in their peak/mandatory trips
and their off peak/non-mandatory trips. To
clarify; trips which are accomplished in peak
hour are usually mandatory (e.g., educational or
work trips). These trips form the main part of
the daily trips which are accused for congestion
making. Thus, although number of walkers may
increase, congestion may not necessarily
reduce. Here a more comprehensive
investigation that considers trip requirements as
well, is required to uncover the motivating
variables for walking in a manner that can
reduce traffic problems. In this regard, for better
understanding walking motivators/barriers, this
study suggests to consider trip characteristics
along with objective variables, valued
personally in a self-evaluation process in modal
choice. The concept of this idea is illustrated in
figure 1.

The proposed perspective provides the
opportunity  to  investigate how  the
infrastructure is valued by various potential
walkers in different trip types. This approach is
capable to better analyze walking choice that
can further support policy making in a more
comprehensive manner.
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Next section describes the methodology of
research. In section 3, results of the model are
reported. Next, results are discussed in section
4. Section 5, concludes the research and
proposes suggestion for further research.

|1\'em'crrk Characteristics ‘

Self Evaluation

Choose to Walk

| Trip Characteristics |

Figure 1. Concept of the model
2. Methodology

2.1. Study Area and Participants
As a case study, the model is applied in the city
of Kermanshah. A neighborhood around a one-
kilometer street named Sa’adi was chosen in
this city. A mixed land use exists in the chosen
area which gives accessibility in a short
distance.
Two retail stores, tow fruit shops, two bakeries
and two mosques were randomly chosen for
data collection. These places are regarded as
public places in a neighborhood to which
residents usually refer for their daily
requirements. Survey was conducted in
morning and evening of an 18-days period
starting from May 3 2022. Individuals were
requested to fill in a paper questionnaire.
Participating was voluntarily but was most
welcomed at the bakeries where people usually
need to wait for a period of time. A total of 623
filled questionnaires with missing data less than
20 percent were collected for further analysis.
It should be mentioned that the prominent mode
use for transportation is personal car in the
whole city as well as in the study area.

2.2. Questionnaire and Measures
A questionnaire was provided in a paper form.
First part asked about demographic
characteristics including age, gender, car
ownership, driving license, employment, and
educational status. Second and third part
included individual perception about attributes
of walking paths. Based on previous studies
various attributes were included in this study.
Self-evaluation on safety, security,
connectivity, lightening, pavement quality, tree
existence, furniture, slope and width.
Appropriate condition of these variables was
asked for mandatory (working/educational) and
non-mandatory (shopping/leisure/other) trips
separately. Responses were provided in a 5-
point scale Likert type from 1 (very good) to 5
(vary bad). For the dependent variable, number
of trips accomplished in the neighborhood and
number of walking trips were asked for
mandatory  (work/educational) and non-
mandatory (leisure/shopping/other) trips. It
should be clarified that walking is considered as
a competitable choice with motorized trips only
in short distances. Herein mixed land use in
neighborhood plays the most important role to
provide acceptable trip distances for walking.
Thus, putting aside long trips, this study focuses
on those trips which are likely to be
accomplished by walking, mostly accomplished
in a single neighborhood based on the existing
land use mixture.
A pilot survey was conducted with 37
participants. Any misleading  questions,
wording and grammatical errors were resolved
through pilot survey.
Different parts of the questionnaire are
summarized in table 1.

Table 1. Parts of the questionnaire

Part Subject Segmentations/ Attributes
Age
1 Demographic characteristics Gender

Car ownership
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Part Subject

Segmentations/ Attributes

Driving license status
Employment status
Educational status

Walking path characteristics

(For working/educational trips)

Safety
Security
Connectivity
Lightening
pavement quality
Tree existence
Furniture
Slope
Width

Walking path characteristics

(For shopping/leisure/other trips)

Safety
Security
Connectivity
Lightening
pavement quality
Tree existence
Furniture
Slope
Width

4 trip attributes

Mandatory trips (work/ educational)
Total number of trips
Number of trips by Walking
Non-mandatory trips (leisure/ shopping/other)
Total number of trips
Number of trips by Walking

2.3. Data Analysis
Data analysis was accomplished utilizing IBM
SPSS 23 statistical software package. Two
separate logit model were carried out to
determine the odd-ratio of effective variables on
walking for mandatory and non-mandatory
trips.

3. Result

3.1. Statics of
Characteristics
Statistics of demographic characteristics of
respondents are reported in table 2.
Participation of males and females were rather

Demographic

balanced (48.4 vs. 51.6). Respondents aged
between 18 to 79 with a mean of 48.3. It should
be noted that children and adolescents under 18
were available for data collection, specifically
in supermarkets around school’s finish time and
parks around evening. However, they were not
been asked for two reasons: First, their mode is
usually chosen under parental supervision,
hence modeling their choice requires including
regarded variables (Mc Millan, 2005;
Ehteshamrad et al.,2022). Second, aims of their
trips are usually limited. Hence respondents of
this study are limited to individuals over high
school age.

Table 2. Respondents’ Statistics

Attributes Sub-attribute n % Mean SD
Gender Male 302 484
Female 321 51.6

Age 48.3 14.7
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Attributes Sub-attribute n % Mean SD
Diploma and below 298 47.83
Educational status Associate and B.S. 278  44.62
Master and PHD 47 7.55

Car ownership 1.84 0.98
Full time 227 36.44
Employment status Part_tlme 122 19.58
Home maker/retired/unemployed 263  42.22
other 11 1.77
Driving license ves 422 67.74
No 201 32.26

o Mandatory 0.74 0.25

Number of daily trips Non-mandatory 3.78 2.45

. . Mandatory 0.38 0.12

Number of walking trips Non-mandatory 124 0.87

Among the respondents, over 47 percent held
diploma and below. About 45 percent of them
held associate and B.S. and a minority of 7
percent held master or PhD degree.
Additionally, more than half of the respondents
were employed either full time (36.44 percent)
or part time (19.58 percent). 263 respondents
were either home maker, retired or unemployed.
Moreover, about 68 percent held driving
license.

Mean number of daily trips in the neighborhood
was 3.78 (SD=2.54) for non-mandatory trips
and 0.74(SD=0.25) for mandatory trips. Of

which 1.24 trip (SD=0.87) of non-mandatory
and 0.38(SD=0.12) of mandatory trips were
accomplished by walking. It should be noted
that each couple of going and returning to home
was counted as one trip. For example, a trip of
a mother that escorts her child to school and
returns home was considered as one trip.
3.2. Statics Of Sidewalks’ Attributes

Table 3 presents respondents’ scores to
sidewalk characteristics for walking in
mandatory/non-mandatory ~ trips in  the

neighborhood.

Table 3. Self-evaluation of pathway attributes for walking

Mandatory Non- Comparison chart bar
ltem score mandatory non-mandatory
n % n % mandatory
very poor
Very good 334 53.61 256 41.09 boor
Good 255 40.93 306 49.12 air
security Fair 31 4.98 38 6.10
Bad 2 032 17 273 good
Very bad 1 0.16 6 0.96 very good
0 100 200 300 400
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Non- Comparison chart bar
Mandatory .
Item score mandatory M non-mandatory
n % n % m mandatory
very poor [lia
Very good 44 7.06 43 6.90 poor [
Good 87 13.96 115 18.46 foir —
Safety Fair 323 51.58 344 55.22
Bad 113 1814 84 1348 good ™
Very bad 56 8.99 37 5.94 very good [
0 100 200 300 400
very poor [l
Very good 78 12.52 59 9.47 poor [
Good 231 3708 134 2151 B
Lightening Fair 181 29.05 254 40.77
Bad 109  17.05 161 2584 good [
Verybad 24 385 15 241 s
0 100 200 300
very poor [
Very good 16 2.57 15 241 roor [
Good 195 31.30 165 26.84 PR —
Connectivity Fair 212 34.03 203 32.58
Bad 185 2970 221 3547 good [
Very bad 15 241 19 3.05 verygood |§
0 100 200 300
Very poor [ —
Verygood 231 37.08 2 0.32 poor [EE——
Good 284 45,59 25 4.01
fai
Furnish Fair 82 1316 90 1445 air IEF
Very bad 11 1.77 285 45.75
very 2000 p—
0 100 200 300
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Non- Comparison chart bar
Mandatory .
Item score mandatory M non-mandatory
n % n % m mandatory
very poor [
Very good 21 3.37 17 2.73 poor [
Tree Good 183 29.37 125 20.06 foir —
existence Fair 273 43.82 283 45.43
Bad 137 2199 184 2953 good
Very bad 9 1.44 14 2.25 very good [
0 100 200 300
very poor |
5.46
Very good 232 37.24 34 9.15 poor |
Good 284 45,59 57 : .
Width Fair 73 1172 251 gg'éz fair - M
Bad 31 4.98 184 15'57 good
Very bad 3 0.48 97 '
very good [
0 100 200 300 400
very poor | —
Very good 9 1.44 8 1.28 poor [
Good 55 8.83 92 14.77
fai
Slope Fair 113 1814 164  26.32 air
Bad 215 3451 191  30.66 good ™™
Very bad 231 37.08 168 26.97 1
very good |
0 100 200 300
verypoor
Very good 6 0.96 3 0.48 poor [
Good 61 9.79 27 4.33
o
Pavement Fair 119 1910 132 21.19 air I
Bad 253 40.61 218 34.99 good |[lem
Very bad 184 29.53 243 39.00
very good |
0 100 200 300

For a better comparison between responses to
mandatory and non-mandatory trips, radar
charts are provided on each item (Figure 2).
These charts clearly compare responses

1765

orientation in scoring each item and the
underlying differences between mandatory and
non-mandatory trips.
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very good
very poor good
poor fair
Security
very good
very poor good
poor fair
Pavement
very good
very poor good
poor fair
Furnish
very good
very poor good
poor fair

Tree existance
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very good

very poor good

poor fair

Safety

very good

very poor good

poor fair

Connectivity

very good

very poor good

poor fair

Width

very good

very poor good

poor fair

Lightening
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very good

very poor good

poor fair

Slope

mandatory

non-mandatory

Figure 2. Radar charts of each attribute scoring for mandatory and non-mandatory trips

Most of the respondents stated that the security
level is good to very good. However, safety was
scored lower, mostly bad to good. This result
was in line with the scores for connectivity. Any
disconnection in sidewalk lead to pedestrian
and vehicle mixture which can reduce safety
sense considerably. Moreover, lightening was
assessed mostly fair for non-mandatory trips
and mostly good for mandatory trips. Most
respondents agreed that furnish of pavements
are is poor for non-mandatory trips but good or
very good for mandatory trips. This result
represents respondents’ tendency to sit and rest
during non-mandatory trips.  Also, tree
existence was evaluated mostly fare among
respondents for both categories. Moreover;
width of the pathways was assessed poor to fair
for non-mandatory trips but good to very good
for mandatory trips. Additionally, respondents
evaluate slope of the pathway bad to fair for
mandatory trips but fair for non-mandatory
trips. This result suggests that coming to slope,
respondents were strict to choose walking in
mandatory trips, times that they are usually in a
hurry, meanwhile they ignored slope for non-
mandatory trips.

3.3. Logistic Regression Model
Logistic regression Model was utilized in order
to determine the log odds of walking versus
other modes, mainly personal car. Worth to
mention that public transportation (bus, train) is
not provided in the study area. Other types of
active transport (biking, scootering, jogging)
are not in the pool of choices in this city.

Likewise, motorcycles are rare. The only
remaining mode is taxi which usually shares
ridership among residents. Two logit models
were separately developed to predict walking
choice in mandatory and non-mandatory trips.
Demographic  and  network attributes
contributed in the model to determine the
underlying relationship with odds. Additionally
significant coefficients of two models are
comparable to determine the effects of different
variables on walking in both two types of trips.
Acceptable significance level was considered
0.9. Results are summarized in table 4.

Personal characteristics reveal that the odd of
selecting walking was significantly higher
among women both for mandatory (OR = 1.23)
and non-mandatory (OR=1.48) trips. Age was
not recognized as a significant effective factor
on walking in mandatory trips. Nevertheless,
older individuals contribute more in walking for
non-mandatory trips (OR=1.09). Higher
educated were less likely to walk for mandatory
trips (OR=0.18 and OR=0.27). Associate and
B.S. holders were less likely to walk in their
non-mandatory trips, however there was not
sufficient evidence to show that M.S. and PhD
holders significantly differ in their walking
choice for non-mandatory trips. Higher car
ownership significantly reduced walking in
both mandatory (OR=0.21) and non-mandatory
trips (0.11). Moreover, walking was more likely
among individuals without driving license for
mandatory trips but no difference or
significance was determined in non-mandatory
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trips. Additionally, individuals  with
occupational status rather than full time were
significantly more likely to walk in both

mandatory (OR=1.17, OR=1.13, OR=1.14) and
non-mandatory trips (OR=1.17, OR=1.04,
OR=1.21).

Table 4. Parameters of effective variables on walking in logistic regression model

Walking for Mandatory

Walking for Non-

Variable trips mandatory Trips

Coef. S.E. OR Coef. S.E. OR
Constant -2.54*** 1,65 -1.83** 1.11
Demographic characteristics
Gender (Ref.: male)
Female 0.24*** 017 1.23 0.27** 0.07 1.48
Educational Status (Ref.: Diploma and below)
Associate and B.S. 0.18** 021 0.08 0.07*** 019 013
M.S. and PhD 0.27*** 008 0.11 0.13 024 1.04
Car ownership (number) -0.23** 013 021 -0.11* 012 011
Employment status (Ref.: Full time)
Part time 0.08*** 1.15 1.17 0.12** 0.23 1.17
Home maker/retired/unemployed 0.11*** 121 113 0.14* 0.16 1.04
other 0.10** 1.13 1.14 0.11*** 0.08 1.21
Driving License(Ref.: No)

Yes -0.16** 024 0.08 0.12 022 113
Age (Year) 0.19 012 111 0.08** 0.17 1.09
Security 0.8 123 112 0.11 018 1.14
Safety 0.12* 116  1.08 0.16** 018 111
Connectivity 0.14* 0.08 1.17 0.13** 0.06 1.12
Furnish 0.08 0.18 1.16 0.17** 013 1.22
Lightening 0.09 012 121 0.15 014 124
Tree existence 0.13** 0.18 1.08 0.18** 021 1.13
Width 0.17 0.14 1.11 0.14** 0.21 1.08
Slope 0.14*** 019 113 0.14*** 018 111
Pavement 0.11** 023 1.09 0.12%** 024 117

*#k < (.1, %% p <0.05, * p<0.001
Furthermore, attributes of sidewalk changed the
odd ratio of walking for both mandatory and
non-mandatory trips, but in different manners.
Among attributes, security and lightening were
not recognized as significant variable on
walking, neither for mandatory nor for non-
mandatory trips. On the other hand, safety
(ORmandatory=1-08,0Rnon—mandatory:1-11),

connectivity (ORmandatory=1.17,0Rnon-
mandatory=1.12), tree existence
(ORmandatory=1-08,0Rnon—mandatory:1-13), S|0pe
(ORmandatory=1.13,0Rnon-mandatory=1.11) and
pavement (ORmandatory=1.09,0Rnon-
mandatory=1.17) were qualified to change walking
choice for both mandatory and non-mandatory
trips. Additionally, while respondents ignored
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furnish and width
mandatory

trips,

in their walking for
they preferred wider

(OR=1.08) and more furnished (OR=1.22)
sidewalks for walking in non-mandatory trips.

4, Discussion

Walking facilities are the main requirements for
walking. Better qualification of sidewalk in this
regard is considered as basic motivator for
walking. This study in line with several
previous studies (Gao et al., 2022; Lucchesi et
al.,, 2021; Yamegani and Alesheikh, 2019;
Guzman et. al, 2022) discuses that personal
valuing changes the effectiveness of objective
variables on walking choice. Thus, the effect of
subjective  measurements of  pathway
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characteristics was determined on walking
choice.

Based on results, perception of security was not
qualified neither for mandatory trips nor for
non-mandatory trips. This variable was
previously reported as a significant variable in
several research  (Mertensetal.,, 2019;
Zhao and Chung, 2017), however a few studies
did not care about security due to low criminal
rate in study area (Gao et al., 2022). A same
situation exists for the area of current study. In
a same manner lightening, which is regarded as
a security provision tool, did not significantly
affect on walking choice. In addition to low rate
of criminal actions, there is no clear changes of
lightening in the study area which can better
explain the non-significancy. Steady situation
of security perception and lightening
assessment by respondents were reflected
through descriptive analysis in previous section,
which were mostly assessed as ‘“good” and
“very good”. This result is in line with previous
result reported by Gao et. al. (2022). However,
street lightening is suggested for upgrading
security specifically in sidewalks with
numerous trees (Basu, 2022).

In contrary, perception of safety showed to be a
positively significant predictor of walking
choice both in mandatory and non-mandatory
trips. Significance of safety perception was
widely reported by previous studies (Aceves-
Gonzélez et al., 2020; Ferreira et. al., 2022).
Result of this study emphasizes that for all trip
purposes, safety is expected as a substantial
factor for travelers in their walking choice.
Worth to mention that inappropriate lightening
potentially reduces safety perception (Ferreira
et. al., 2022; Arellana et al., 2020; Li et al.,
2020) specifically in poor pavements.
Pavement quality was also assessed as an
effective factor on walking choice. Decreased
comfort and safety are recognized as the result
of poor pavement which contributes to walking
unsuitability (Mascio, 2020). Respondents
assessed the pavement unsatisfactory for both
mandatory and non-mandatory trips. Two main

reasons are recognizable in pavement condition
in the study area. The first one is non-uniformity
of paving material and un-even surface of the
sidewalk and the second reason is frequent
damages of equipment installation which are
left sometimes for months. However, regular
maintenance operation can successfully manage
an optimized pavement condition.

Moreover, result explored that perception of
connectivity positively effects on walking
choice. Connectivity is also regarded as main
factor to provide accessibility that along with
high density and land use mix is considered as
a main walkability factor at neighborhood level
(Lee and Park, 2023). This variable was
recognized as significant variable effecting on
walking in several previous studies (Lee and
Park, 2022; Ferreira et al., 2022; Gao, 2022).
This study clarifies that individuals care about
connectivity for both mandatory and non-
mandatory trips while deciding for walking.
Worth to mention that several alleys and streets
intersect the main street of the study area.
Intersection points cut the pathways and mean
while no footbridge, sign or crossline is
provided for crossing the street. This not only
disconnects the pathways but also reduces the
safety perception among pedestrians.

While there was not enough evidence to show
that furnish effects walking choice in
mandatory trips, it was recognized as positively
effective factor for non-mandatory trips.
Furnish is considered to determine Comfort
Index as a factor of walkability index of streets
(Labdaoui et al., 2021). For non-mandatory
trips, furnish showed to be a motivator for
walking. Furnish can increase comfort for
walkers by providing resting areas. For elderly
and also children, furnish can play an important
motivator role. Additionally sitting areas could
add a social role to the pathways which can
induce more walking trips. However, these
walkers are usually walking for leisure,
eventually non-mandatory trips. In contrast,
during working or educational trips, usually
time limitation makes travelers finish their trips
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in the least time, hence they don’t care about
furnish existence, because they regularly do not
sit or rest during their mandatory trips. This
result clarifies that adding furnish to sidewalks
cannot increase walking in peak time period.
Additionally, results reflect that existence of
trees increases walking in both mandatory and
non-mandatory trips. Urban vegetation was
previously recognized as effective factors in
walkable environment (Ulme et al., 2016). It is
a motivator among children for walking to
school (Litman, 2003) and a promoter for
recreational walk. Furthermore, Lee (2021)
reported that crime rate in walkable streets
increases, however tree canopy can moderate
the relationship of crime and walkability and
hence is a solution to offset negative influence
of walkable neighborhoods. Worth to
emphasize that respondents of this study
considered vegetation of their pathways in their
mandatory trips as well. This clarifies that even
in mandatory trips, people seek for enjoyable
sights, breathing clear air and utilizing the
comfort of the shadow of trees. Even existence
of birds can affect the noise of the adjacent
traffic and hence would be another motivator of
walking.

Significant coefficient of width reflects the
positive effects of proper perceived width on
walking. This result was repeatedly reported by
previous researchers. Width is regarded as a
substantial factor in assessing walkability in
several research (Arellana et al., 2020;
Majumdar et al., 2021; Mulyadi et al., 2022).
While proper width provides sufficient space
for free walking activities, it was recognized as
significant variable only in non-mandatory trips
in this study. A proper explanation is that non-
mandatory trips such as leisure and shopping
are more frequent to be accomplished by
walking in the area of this study in comparison
with working and educational trips. Thus,
crowded pathways are usually experienced in
off-peak times of the day when non-mandatory
trips are made. Hence, trip makers of non-
mandatory trips better understand the width
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requirements for free walking. In contrary, in
peak times of the day, streets usually experience
congestion and sidewalks are not usually
crowded. Rare walkers are making their
mandatory trips on the sidewalks who assess the
width far enough for free walking. Hence, width
was not recognized as a significant factor on
walking for mandatory trips.

Slope was also recognized as a significant
predictor on walking for both mandatory and
non-mandatory trips. Worth to mention that the
study area has sloped streets and alley and, in
some sections, stairs are provided. Results
reflect that walkers care about the slope of
pathways for both mandatory and non-
mandatory trips. Slope which influences the
comfort of walking can significantly reduce
walking which is in line with previous research
(Rahman, 2022; Rhoads et al., 2023). Meeder et
al. explored that each 1 percent increase in slope
can decrease walking for 10 percent (2017).

In summary, safety enhancement (through
providing cross lines, foot bridge, speed limits
in adjacent streets), reduction of slope or
providing appropriate stairs, pavement quality
enhancement (through regular maintenance
operation), increase vegetation along sidewalks,
increase connectivity (providing sidewalks
along the streets in where sidewalks are not
provided vyet, providing cross lines, speed
limits, revising traffic lights regulation to give
priority to walkers at intersections) are of
actions which are expected to increase walking
for both mandatory and non-mandatory trips.
Moreover, enhancement of furnishing and
increasing the width of existing sidewalks will
increase walking share in non-mandatory trips
but they are not likely to increase walking odd
in mandatory trips. Hence if increasing walking
for mandatory trips (usually peak-hour) is
considered, policies to increase width of the
sidewalks or furnishing will lose their priorities.
overally, results of this study explored that
individual assess attributes of pathways
differently based on the aim of the trips they are
making. This result enlightens that general
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recommendations on sidewalks’ upgrading
cannot necessarily influence mode choice
behavior of all kinds and hence cannot
necessarily be helpful for congestion reduction.
As aresult, aiming each category of trips, policy
makers require to set precise and normative
strategies if a real behavioral modal change is
expected.

However; as result showed, side walk
enhancement that is evaluated in different
manners for different trip aims would not be
adequate for a total behavioral change. This
result was similarly discussed in previous
researches in developed countries in which
walkability policies were limited to sidewalks
enhancement. They claimed that succussing in
sustainable transportation requires a macro
approach which includes different items such as
quality of services and urban infrastructure,
public transport, and related technologies in
urban development plans and comprehensive
transport plans (Abu-Eisheh et al, 2020;
Mahapatra, 2021). Similarly, various strategies
in the study area could be followed along with
sidewalks enhancement. Namely, educating
people in order to inform them about the many
individual and social benefits of walking, mixed
land use in further development plans of the
area, stopping motivating plans such as
infrastructure enhancement for private car use
(which is still continuing in the city of study
area), providing other modes particularly
cycling which can provide a more friendly
environment for walking as well, are of related
suggestions.

5. Conclusion

In summary, results of this study clarify:
1- Choose to walk or other modes is under the
influence of a) aim of trip and b) walking
facilities which are valued in personal
assessment.
2- Mandatory and non-mandatory trips are
affected by different influential factors.

3- Safety, slope, pavement, tree existence and
connectivity significantly effects walking
choice in mandatory trips.
4- Non-mandatory trips on the other hand are
under the influence of safety, slope,
pavement, tree existence, connectivity,
furnish and width.
5- Providing more furnish and widening the
sidewalks will not result in more walking for
mandatory trips.
6- While upgrading sidewalks’
characteristics can increase total walk choice,
it can better encourage non-mandatory trip
makers to walk, such as leisure and shopping
trips. Encouraging more people to walk for
mandatory (work and school) trips requires a
more comprehensive plan including diverse
strategies beyond sidewalks enhancement.
Educating individuals, mixed land use,
stopping motivating plans for private car are
a few guidelines.
Limitations of the study

This study encountered some limitations,

including:
1- Stairs without proper ramps exists in the
case area of this study that clearly make
wheelchairs movements impossible. Hence,
disabled people who have difficulties in
mobility are disregarded in this study.
2- Data collection was conducted in May
when the weather is best appropriate for
walking. There is no annoying coldness or
hotness, sunshine, rain or snow. Such a
weather can make walking enjoyable,
however weather can significantly affect on
walking choice which was disregarded in this
study.
3- As statistics clearly show, mandatory trips
are rarely accomplished by walking. Indeed,
many mandatory trips may be long-distance-
trips which were out of the scope of this study.
Hence respondents that scores the
qualification of the pathways for walking in
mandatory trips may never have walking in
their pool of mode choice substantially. This
study utilized their data equivalent to those
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data from respondents who were likely to
walk for their mandatory trips as well.
4- While students were excluded from this
study, aiming this category of population will
result in considerable success. It may result in
forming the habit of walking not only in the
students but also in the family members and
for other aims of trips rather than educational
trips as well. Additionally, as the next
generation of driving license holders, good
experience of walking may affect their
decision making for walking rather than using
private car.
Next research can go beyond the limitations of
this study in order to a more precise modelling
which can better enlighten a normative and
efficient set of actions for policy makers.

6. References

- Abu-Eisheh, S.; Kuckshinrichs, W.; Dwaikat,
A. Strategic Planning for  Sustainable
Transportation in Developing Countries: The
Role of Vehicles. Transp. Res. Procedia 2020,
48, 3019-3036.

- Arellana J., Saltarin M., Larrafiaga A. M.,
Alvarez V.. Henao C. A (2020) “Urban
walkability considering pedestrians’
perceptions of the built environment: a 10-year
review and a case study in a medium-sized city
in Latin America” Journal of Transport
Reviews, Vol. 40, No. 2, pp. 183-203, ISSN
0144-1647,
https://doi.org/10.1080/01441647.2019.170384
2.
(https://www.sciencedirect.com/science/article
/pii/S0144164722000940).

- Basu N., Oviedo-Trespalacios O., King M.,
Kamruzzaman Md., Haque Md. M. (2022) “The
influence of the built environment on
pedestrians’ perceptions of attractiveness,
safety and security”, Journal of Transportation
Research Part F:. Traffic Psychology and
Behaviour, Vol. 87, pp. 203-218, ISSN 1369-
8478, https://doi.org/10.1016/j.trf.2022.03.006.

International Journal of Transportation Engineering,

Vol. 12/ No. 1/ (45) Summer 2024

- Bleci¢, L., Congiu, T., Fancello, G., & Trunfio,
G. A. (2020). Planning and Design Support
Tools for Walkability: A Guide for Urban
Analysts.  Sustainability, 12(11), 4405.
https://doi.org/10.3390/su12114405.

- Christiansen L. B., Toftager M., Schipperijn
J., Ersball A. K., Giles-Corti B., Troelsen, J.
(2014). “School site walkability and active
school transport-association, mediation and
moderation.” Journal of transport geography,
Vol. 34, pp. 7-15.

- Ehteshamrad S., Saffarzadeh M., Mamdoohi
A., Nordfjern T. (2022) “Behavior of parents
and children in the way they use public
transport. A case study of Iranian households.”
Journal of Case Studies on Transport Policy,
Vol. 10, NO. 1, pp. 454-462, ISSN 2213-624X,
https://doi.org/10.1016/j.cstp.2022.01.006.

- Ewing, R., & Handy, S. L. (2009). “Measuring
the Unmeasurable: Urban Design Qualities
Related to Walkability” Journal of Urban
Design, Vol. 14, No. 1, pp. 65-84.
https://doi.org/10.1080/13574800802451155.

- Ferreira M. C., Costa P. D., Hora D. A. J.,
Felicio S., Coimbra M., Dias T. G. (2022)
“Identifying the determinants and
understanding their effect on the perception of
safety, security, and comfort by pedestrians and
cyclists: A systematic review” Journal of
Transportation Research Part F: Traffic
Psychology and Behaviour, Vol. 91, pp. 136-
163, ISSN 1369-8478,
https://doi.org/10.1016/j.trf.2022.10.004.
(https://www.sciencedirect.com/science/article
[pii/S1369847822002248)

- Forsyth, A. (2015). What is a walkable place?
The walkability debate in urban design. Urban
Design  International, 20(4), 274-292.
https://doi.org/10.1057/udi.2015.22.



https://doi.org/10.1080/01441647.2019.1703842
https://doi.org/10.1080/01441647.2019.1703842
https://www.sciencedirect.com/science/article/pii/S0144164722000940
https://www.sciencedirect.com/science/article/pii/S0144164722000940
https://doi.org/10.1016/j.trf.2022.03.006
https://doi.org/10.3390/su12114405
https://doi.org/10.1016/j.cstp.2022.01.006
https://doi.org/10.1080/13574800802451155
https://doi.org/10.1016/j.trf.2022.10.004
https://www.sciencedirect.com/science/article/pii/S1369847822002248
https://www.sciencedirect.com/science/article/pii/S1369847822002248
https://doi.org/10.1057/udi.2015.22

An Assessment of Subjective Sidewalk Attributes and Trip Factors on Walking in Neighborhood

- Gao W., Qian Y., Chen H., Zhong Z., Zhou
M., Aminpour F. (2022) “Assessment of
sidewalk walkability: Integrating objective and
subjective measures of identical context-based
sidewalk features” Journal of Sustainable Cities
and Society, Vol. 87, ISSN 2210-6707,
https://doi.org/10.1016/j.5¢s.2022.104142.

- Gebel, K., Bauman, A. E., Sugiyama, T., &
Owen, N. (2011) “Mismatch between perceived
and  objectively assessed  neighborhood
walkability attributes: Prospective relationships
with walking and weight gain” Journal of
Health and Place.
https://doi.org/10.1016/j.healthplace.2010.12.0
08.

- Giovanna Fancello, Tanja Congiu, Alexis
Tsoukias,Mapping walkability. A subjective
value theory  approach,Socio-Economic
Planning Sciences,Volume
72,2020,100923,ISSN 0038-
0121,https://doi.org/10.1016/j.seps.2020.10092
3.
(https://www.sciencedirect.com/science/article
/pii/S0038012119306457).

- Guzman L.A., Arellana J., Castro W. F.
(2022) “Desirable streets for pedestrians: Using
a street-level index to assess walkability”
Journal of Transportation Research Part D:
Transport and Environment,Vol. 111, 103462,
ISSN 1361-92009,
https://doi.org/10.1016/j.trd.2022.103462.

-Jared M. U., Wolf K. L., Backman D. R,,
Tretheway R. L., Blain C. J., O’Neil-Dunne J.
P., Frank L.D., (2016) “Multiple health benefits
of urban tree canopy: The mounting evidence
for a green prescription” Journal of Health &
Place, Vol. 42, pp. 54-62, ISSN 1353-8292,
https://doi.org/10.1016/j.healthplace.2016.08.0
11.
(https://www.sciencedirect.com/science/article
/pii/S1353829216301332).

- Labdaoui K., Mazouz S., Moeinaddini M.,
Cools M., Teller J. (2021) “The Street
Walkability and Thermal Comfort Index
(SWTCI): A new assessment tool combining
street design measurements and thermal
comfort” Journal of Science of The Total
Environment, Vol 795, 148663, ISSN 0048-
9697,
https://doi.org/10.1016/j.scitotenv.2021.14866
3.

-Lee J., Park S. (2022) “Investigating
pedestrian  connectivity  in  apartment
complexes: a case study of Seoul and
Singapore” Journal of Local Environment, Vol.
217, No. 6, pp. 697-711.
DOI: 10.1080/13549839.2022.2068141.

-Lee J., Park S. (2023) “Current design
guidelines’ streetscape improvement for visual
perception and walkability: A case study of
Sejong City, Republic of Korea” Journal of
Frontiers of Architectural Research, ISSN
2095-2635,
https://doi.org/10.1016/j.foar.2022.11.002.

- Lee S. (2021) “Does tree canopy moderate the
association between neighborhood walkability
and street crime?” Urban Forestry & Urban
Greening, Vol. 65, 127336, ISSN 1618-8667,
https://doi.org/10.1016/j.ufug.2021.127336.
(https://www.sciencedirect.com/science/article
[pii/S1618866721003630)

- Leslie E., Coffee N., Frank L., Owen N.,
Bauman A., Hugo G. (2007) “Walkability of
local communities:  using  geographic
information systems to objectively assess
relevant environmental attributes” Journal of
Health & place, Vol. 13, No. 1, pp. 111-122.

-Li U, Yabuki N., Fukuda T. (2022)
“Exploring the association between street built
environment and street vitality using deep
learning methods” Journal of Sustainable Cities

International Journal of Transportation Engineering,

Vol. 12/ No. 1/ (45) Summer 2024


https://doi.org/10.1016/j.scs.2022.104142
https://doi.org/10.1016/j.healthplace.2010.12.008
https://doi.org/10.1016/j.healthplace.2010.12.008
https://www.sciencedirect.com/science/article/pii/S0038012119306457
https://www.sciencedirect.com/science/article/pii/S0038012119306457
https://doi.org/10.1016/j.trd.2022.103462
https://doi.org/10.1016/j.healthplace.2016.08.011
https://doi.org/10.1016/j.healthplace.2016.08.011
https://www.sciencedirect.com/science/article/pii/S1353829216301332
https://www.sciencedirect.com/science/article/pii/S1353829216301332
https://doi.org/10.1016/j.scitotenv.2021.148663
https://doi.org/10.1016/j.scitotenv.2021.148663
http://dx.doi.org/10.1080/13549839.2022.2068141
https://doi.org/10.1016/j.foar.2022.11.002
https://doi.org/10.1016/j.ufug.2021.127336
https://www.sciencedirect.com/science/article/pii/S1618866721003630
https://www.sciencedirect.com/science/article/pii/S1618866721003630

Shideh Ehteshamrad

and Society, Vol. 79, 103656, ISSN 2210-6707,
https://doi.org/10.1016/j.scs.2021.103656.

- Litman T.A., (2003), “Economic value of
walkability”  Journal of Transportation
Research Record., Vol. 1828, No 1, pp. 3-11.

- Lucchesi S. T., Larranaga A. M., Ochoa J. A.
A., Samios A. A. B., Cybis H. B. B. (2021) “The
role of security and walkability in subjective
wellbeing: A multigroup analysis among
different age cohorts” Journal of Research in
Transportation Business & Management, Vol.
40, 100559, ISSN 2210-5395,
https://doi.org/10.1016/j.rtbm.2020.100559.

- Lwin K. K, Murayama Y. (2011)
“Modelling of urban green space walkability:
Eco-friendly walk score calculator” Journal of
Computers, Environment and Urban Systems,
Vol. 35, No. 5, pp. 408-420.

- Mascio P. D., D’Alessandro D., Moretti L,
Corazza M. V. (2020) “Walking on the safe
side: a ethodology to assess pavements quality
conditions for pedestrian” Transportation
Research Procedia, Vol. 45, pp. 360-367, ISSN
2352-1465,
https://doi.org/10.1016/j.trpro.2020.03.027.
(https://www.sciencedirect.com/science/article
[pii/S2352146520301897)

- Mahapatra, G.D.; Mori, S.; Nomura, R.
Universal Mobility in old core cities of India:
People’s Perception. Sustainability 2021, 13,
4391.

- Mayne D., Morgan G., Wilmore A., Bauman
A., Jalaludin B., Bambrick H., Bennett C.
(2012) “An objective index of walkability for
the Sydney metropolitan region” Journal of
Science and Medicine in Sport, Vol.15, S32-
S33.

- McMillan T. E. (2005) “Urban Form and a
Child’s Trip to School: The Current Literature

International Journal of Transportation Engineering,

Vol. 12/ No. 1/ (45) Summer 2024

and a Framework for Future Research” Journal
of Planning Literature, Vol. 19, No. 4, pp. 440-
456. https://doi.org/10.1177/088541220427417
3.

- Meeder M, Aebi T. Weidmann U.
(2017)“The influence of slope on walking
activity and the pedestrian modal share”
Transportation Research Procedia, Vol 27, pp.
141-147, ISSN 2352-1465,
https://doi.org/10.1016/j.trpro.2017.12.095.
(https://www.sciencedirect.com/science/article
[pii/S2352146517309924)

- Mertens L., Dyck  D. V., Deforche
B., Bourdeaudhuij I.D., Brondeel
R., Cauwenberg J.V. (2019) “Individual,
social, and physical environmental factors
related to changes in walking and cycling for
transport among older adults: A longitudinal
study.” Journal of Health & Place, Vol. 55,
pp. 120-127

- Mulyadi A. M., Sihombing A. V. R,
Hendrawan H., Vitriana A., Nugroho A. (2022)
“Walkability and importance assessment of
pedestrian facilities on central business district
in capital city of Indonesia” Transportation
Research Interdisciplinary Perspectives, Vol.
16, 100695, ISSN 2590-1982,
https://doi.org/10.1016/j.trip.2022.100695.
(https://www.sciencedirect.com/science/article
/pii/S2590198222001555)

- Nehme E.K., Oluyomi A.O., Calise T.V.,
Kohl H.W. (2016) “Environmental Correlates
of Recreational Walking in the Neighborhood”
American Journal of Health Promotion, Vol.
30, No. 3, pp. 139 - 148, DOI:
10.4278/ajhp.130531-QUAN-281,
https://www.scopus.com/inward/record.uri?eid
=2-52.0-
84975138627&d0i=10.4278%2fajhp.130531-
QUAN-
281&partnerID=40&md5=a9bh216¢1dc5831bf
58f37600469fe328.



https://doi.org/10.1016/j.scs.2021.103656
https://doi.org/10.3141/1828-01
https://doi.org/10.3141/1828-01
https://doi.org/10.1016/j.rtbm.2020.100559
https://doi.org/10.1016/j.trpro.2020.03.027
https://www.sciencedirect.com/science/article/pii/S2352146520301897
https://www.sciencedirect.com/science/article/pii/S2352146520301897
https://doi.org/10.1177/0885412204274173
https://doi.org/10.1177/0885412204274173
https://doi.org/10.1016/j.trpro.2017.12.095
https://www.sciencedirect.com/science/article/pii/S2352146517309924
https://www.sciencedirect.com/science/article/pii/S2352146517309924
https://doi.org/10.1016/j.trip.2022.100695
https://www.sciencedirect.com/science/article/pii/S2590198222001555
https://www.sciencedirect.com/science/article/pii/S2590198222001555
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84975138627&doi=10.4278%2fajhp.130531-QUAN-
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84975138627&doi=10.4278%2fajhp.130531-QUAN-
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84975138627&doi=10.4278%2fajhp.130531-QUAN-
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84975138627&doi=10.4278%2fajhp.130531-QUAN-

An Assessment of Subjective Sidewalk Attributes and Trip Factors on Walking in Neighborhood

- Peiravian F., Derrible S., ljaz, F. (2014).
“Development and application of the Pedestrian
Environment Index (PEI).” Journal of Transport
Geography, Vol. 39, pp. 73-84.

- Qazimirsaeed, A.; Khosravi, H.; Rafieian, M.;
Mirzahossein, H.; Forciniti, C. Walkability
Policies in Developing Countries: What Do
People Need and Prefer in Iran? Sustainability
2022, 14, 10808. https://doi.org/10.3390/
sul141710808.

- Rahman A (2022) “A GIS-based, microscale
walkability assessment integrating the local
topography” Journal of Transport Geography,
Vol. 103, 103405, |ISSN 0966-6923,
https://doi.org/10.1016/j.jtrange0.2022.103405

(https://www.sciencedirect.com/science/article
[pii/S0966692322001284)

- Rhoads D., Solé-Ribalta A., Borge-Holthoefer
J. (2023) “The inclusive 15-minute city:
Walkability analysis with sidewalk networks”
Journal of Computers, Environment and Urban
Systems, Vol. 100, 101936, ISSN 0198-9715,
https://doi.org/10.1016/j.compenvurbsys.2022.
101936.
(https://www.sciencedirect.com/science/article
/pii/S0198971522001806).

- Sabzali Yamegani, A., Alesheikh, A. A.
(2015). “Development and evaluation of a
walkability index (Case Study: districts of the
Ghom city).” Journal of geomatics Science and
Technology. Vol. 5, No. 1. Pp. 159-174.

- Sabzali Yamegani A., Alesheikh A. A. (2019)
“Predicting subjective measures of walkability
index from objective measures using artificial
neural networks” Journal of Sustainable Cities
and Society, Vol. 48, 101560, ISSN 2210-6707,
https://doi.org/10.1016/j.s¢s.2019.101560.

- Schlossberg, M. (2006) “From TIGER to audit
instruments: Measuring neighborhood

walkability with street data based on geographic
information systems” Transportation Research
Record: Journal of the transportation research
board, VVol. 1982, 48-56.

- Taleai M., Yamegani A. S. (2017).
“Integration of GIS, remote sensing and Multi-
Criteria Evaluation tools in the search for
healthy walking paths” KSCE Journal of Civil
Engineering, pp.1-13.

- Weyman J., Raposo P., Cannata R., Oh J,,
Motz M., Gozdyra P. (2008) “Urban
Environment and Walkability: Definition and
Calculation of a Walkability Index for Toronto,
Canada.” Canadian Diabetes Association
Professional Conference and Annual Meetings.
Canadian Diabetes Association Professional
Conference and Annual Meetings Abstract
Book, 22.

- Winters M., Buehler R.,. Gétschi, T. (2017)
“Policies to Promote Active Travel: Evidence
from Reviews of the Literature”. Curr Envir
Health Rpt Vol .4, pp. 278-285.
https://doi.org/10.1007/s40572-017-0148-x.

- World Health Organization. (2018) “Global
action plan on physical activity 2018-2030:
more active people for a healthier world.”
Geneva; 2018. Licence: CC BY-NC-SA 3.0
IGO. ISBN 978-92-4-151418-7.

-Zhou H., He S. Cai Y. Wang M., Su S.
(2019) “Social inequalities in neighborhood
visual walkability: Using Street View imagery
and deep learning technologies to facilitate
healthy city planning” Journal of Sustainable
Cities and Society, 101605.
https://doi.org/10.1016/j.5¢s.2019.101605.

- Zhao P., Chung K., (2017) “Neighborhood
environment walkability and health-related
quality of life among older adults in Hong Kong

“ Archives of Gerontology and Geriatrics, Vol.
73, pp. 182-186.

International Journal of Transportation Engineering,

Vol. 12/ No. 1/ (45) Summer 2024


https://doi.org/10.1016/j.jtrangeo.2022.103405
https://doi.org/10.1016/j.jtrangeo.2022.103405
https://www.sciencedirect.com/science/article/pii/S0966692322001284
https://www.sciencedirect.com/science/article/pii/S0966692322001284
https://doi.org/10.1016/j.compenvurbsys.2022.101936
https://doi.org/10.1016/j.compenvurbsys.2022.101936
https://www.sciencedirect.com/science/article/pii/S0198971522001806
https://www.sciencedirect.com/science/article/pii/S0198971522001806
https://doi.org/10.1016/j.scs.2019.101560
https://doi.org/10.1007/s40572-017-0148-x
https://doi.org/10.1016/j.scs.2019.101605

