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Abstract

Keywords

Background and aims: Studying and prioritizing the criteria to improve the
safety of pedestrian traffic can help planners and decision makers to create Fuzzy TOPSIS method
a safe environment for pedestrians. This study was designed and carried
out to identify and prioritize the safety criteria of pedestrians thoroughfares
of Hamadan province based on multi-criteria decision making by the fuzzy Safety

TOPSIS method. Pedestrians

Index

Methods: In this study, a logical and systematic process was done using the
fuzzy TOPSIS method, to develop an optimal model under each of the selected
criteria. The study was carried out during 2018-2019. To determine the risk
factors related to the modeling, first the indicators were determined by the
panel of experts, from an extensive list of functional indicators. Then, SMART
criteria of weighting proportion and weighing indicators were used to rank the
i indicators among the identified indicators related to the pedestrian safety.

Results: A total of 50 people, with a mean and standard age deviation of Received: 2019/10/27
42.68 and §.03 years, partici;l)atejd in this stud}f. The fuzzy .analysis showed that Accepted : 2021/01/13
the most important key criteria for promoting pedestrian safety according

to the opinions of the study participants were creating uneven crossings at

intersections, creating safe paths around schools, restricting pedestrian access

to highways, creating controlled crossings in high-risk areas and education

and promotion of the traffic culture in the community through mass media,

respectively.

Conclusion: This study revealed that the necessary and important criteria
for improving the safety of pedestrians include various aspects of human,
environmental, and vehicle factors.
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EXTENDED ABSTRACT

INTRODUCTION

Various studies have been conducted in the field
of pedestrian safety in Iran and the world. Moeini
et al. proposed two main goals of temporal and
spatial separation (horizontal or vertical), to reduce
pedestrian accidents. Ahadi and Naderi, provided
some suggestions to improve the safety of pedestrians,
including complete separation of sidewalks and
pedestrian crossings from the roadways , removal
of obstacles on sidewalks, correct location of stairs
and pedestrian underpasses, designing pedestrian
crossings in commercial areas, proper use of pedestrian
traffic lights, lanes, and installation of appropriate
signs (1). Amjadian et al. provided a safe model
for pedestrians, and proposed some interventions
to promote the safety of pedestrians, including: 1)
reforming and updating the rules and definitions of
pedestrian regulations, 2) prosecution of individuals
and organizations responsible for disruption of traffic,
safety and comfort of the pedestrians, 3) modification
of pedestrian route designs, 4) modification of
pedestrian network and urban spaces, and 5) physical
development of cities, concerning the needs of
pedestrians (2). Moradi et al. showed that accidents
resulting in the death of pedestrians in Tehran, were
significantly higher in men, pedestrians standing next
to roadways, reckless pedestrians, and drivers with
class 1. driver’s license (3).

Castro et al. by analyzing video contents, developed
an abstract model that allowed the search for the risk
of future collisions between objects. The model that
was designed and presented, could predict the real-
time traffic accidents in which a car went to overtake
a pedestrian (4).

Ricardo et al. (2012), based on data collected from
driving simulation tests, presented a comparative
analysis of random utility models and fuzzy logic
models, to demonstrate the safe distance acceptance
behavior at intersections, where priority was given.
The proposed models included variables of driving
patterns, as well as variables used in the safe distance
acceptance studies. A comparison of these two types of
models, done by the Receiver Operating Characteristic
(ROC) curve analysis, showed that the fuzzy models
could be considered as an alternative to using the
random utility models (5). Nurnadia and Lazim,
ranked the causes of traffic accidents using the fuzzy
TOPSIS model. They concluded that this model could
provide a very useful tool for researchers to prioritize
items in different contexts using multivariate decision
criteria (6). Al-Hadidi et al. designed a vehicle safety
system using fuzzy methods, which could help to
reduce the traffic accidents. This system enabled
drivers to more quickly identify situations of increased
risk of traffic accidents, and to take precautionary
measures more quickly (7). Awasthi et al. evaluated

the service quality of urban transportation systems in
Canada, using the fuzzy TOPSIS models (8). In view
of the increasing public awareness of the complexity
of the road safety phenomenon, Bao et al. decided
to evaluate detailed aspects of traffic accidents and
the cause of their occurrence, within more in-depth
studies, using mathematical and statistical models, in
addition to descriptive items such as accident incidence
and prevalence. They provided an appropriate model
with the support of an intelligent system for evaluating
road safety performance, in order to conduct case
studies in European countries (9).

According to studies, pedestrians account for a
significant proportion of deaths from traffic accidents
(10-13). Therefore, evaluating and prioritizing the
criteria for improving the safety of pedestrians, can
help planners and decision makers in creating a safe
environment for pedestrians. Thus, this study was
designed and conducted to identify and prioritize
pedestrian safety criteria in urban areas of Hamadan
province, based on multi-criteria decision making by
fuzzy TOPSIS method.

METHODOLOGY

The present study was a cross-sectional
(descriptive-analytical) research conducted in 2018
in Hamadan province, Iran. The target population
was all senior experts, specialists, and researchers of
traffic accidents in Hamadan province. Participants
of the study, included senior experts, specialists,
and researchers of traffic accidents, who worked in
academic and research centers, such as epidemiologists
working in the field of traffic accidents or traffic police
centers, especially in centers related to accidents, with
more than 5 years of work experience. The sample size
was calculated based on Fuzzy TOPSIS (Technique
of Order Preference by Similarity to Ideal Solution)
and MCDM (Multiple-Criteria Decision-Making)
instructions (14).

Since based on these methods, the desired criteria
is prioritized based on the opinions of the panel of
experts, the maximum sample size of 35 samples
is required. To increase the precision of the study,
and considering the non-response cases, 50 samples
were included in the study. The ratio of the selected
experts from three fields of university professors,
administrators and senior experts, was considered
equal.

In order to achieve pedestrian safety criteria, using
a set of criteria developed with the help of traffic
police research centers and previous studies such as
Al-Hadidi et al., a list of human, environmental, and
vehicle criteria was prepared first. Undoubtedly, there
are many criteria for the evaluation of the factors
improving the safety of pedestrians in the traffic and
transportation sectors, but some of them play a much
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Table 1: Proximity coefficients and rank of key pedestrian safety criteria

Intervention

The sum of the The sum of the
distances from the  distances from the CCi Rank

negative ideal positive ideal

Creating non-level crossings at intersections
Creating safe routes around schools
Restriction of pedestrian access to highways
Creating controlled crossings in high-risk areas

Educating and promoting traffic culture in the community through

mass media

Considering the safety of pedestrians in the design of cars
Educating and promoting traffic culture in the schools
Increasing the width of crosswalks

[Traffic calming

Dismantling worn-out and old cars

Removing obstacles of vision on the roads

Proper design of car and sidewalk passages

Temporal separation of car and sidewalk passages

Upgrading road safety infrastructure for pedestrians

Designing safe passages for the elderly and children

Increasing the capacity of pedestrian crossings in the main centers of

work and activity
Marking the passages for pedestrians
Creating a culture of walking

Educating and promoting traffic culture in the community through

non-governmental organizations

Educating drivers on how to respect the rights of pedestrians
Standardization of street lighting

Channelization of intersections

Periodic assessment of pedestrian safety in metropolitan areas
Use of colorful clothes for public service agents and workers
Proper design of car headlights and mirrors to reduce pedestrian
accidents

Installation of pedestrian lights

Establish intermittent rest sites for elderly pedestrians
Creating a supportive atmosphere so that people have the
opportunity to receive most of the special services and facilities
during walking

Establishment of proper communication and networks of sidewalks

Considering the safety tips in electric bus stations
Physical separation of car and sidewalk

Increasing the number of police officers on busy roads
Improving car safety

Intensifying the punishment of drivers who use alcohol and drugs

Quantitative and qualitative improvement of the driving school
programs
Promoting driving culture

4.0124 1.0369 0.1955 1

4.0885 0.9661 0.1930 2

4.0652 0.9907 0.1927 3

4.1335 0.9229 0.1920 4

4.2538 0.8046 0.1878 5

4.2838 0.7794 0.1864 6

4.2698 0.7922 0.1861 7

4.2272 0.8265 0.1816 8

4.2034 0.8584 0.1813 9

4.2116 0.8476 0.1735 10
4.1725 0.8864 0.1727 11
4.1532 0.9037 0.1713 12
4.1432 0.9136 0.1708 13
4.1382 0.9127 0.1708 14
4.2229 0.8379 0.1688 15
4.4365 0.6218 0.1653 16
4.2164 0.8423 0.1639 17
4.1296 0.9271 0.1638 18
4.0566 0.9994 0.1603 19
4.2432 0.8115 0.1599 20
4.2008 0.8616 0.1597 21
4.2474 0.5134 0.1577 22
4.3728 0.7728 0.1572 23
4.1807 0.8787 0.1566 24
4.1826 0.8800 0.1557 25
4.3470 0.7113 0.1537 26
4.2299 0.8274 0.1537 27
4.0907 0.9687 0.1513 28
4.1406 0.9159 0.1509 29
4.1981 0.8582 0.1492 30
4.2663 0.7891 0.1466 31
4.0311 1.0241 0.1462 32
4.2145 0.5454 0.1441 33
4.0640 0.9925 0.1430 34
4.0363 1.0207 0.1308 35
4.0300 1.0257 0.1131 36

more important role in improving the pedestrian
safety. According to the experts opinion, effective
criteria were selected from an extensive list of relevant
criteria. After the review of relevant literatures in this
field, SMART criteria were selected for the criteria
ranking. Finally, 36 out of 46 relevant and initially
developed criteria were selected as the key criteria by
experts.

After finalizing the questionnaire, 50 participants
in the study provided their answers for each criterion.
Answers were analyzed in a Likert scale, including

y

very low, low, medium low, medium, medium high,
high, and very high.

In fact, the fuzzy TOPSIS technique is used to
rank and compare different options,select the best
one and determine the distances between the options.
According to this method, the best option is the
closest to the ideal solution, and the farthest from the
non-ideal solution. The ideal solution, is the one that
has the most benefits and the least costs. The fuzzy
TOPSIS technique in our study was performed in
seven steps. First, the weight of the problem criteria
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was determined. After collecting the experts” answers
in the form of verbal expressions, the answers became
a scale that could be analyzed, because it is impossible
to perform mathematical operations on qualitative
expressive variables.

In the second step, a decision matrix was formed
to determine the importance of each criterion. For
this purpose, it is necessary to firstly determine the
appropriate fuzzy scale for the measurement of each
criterion. In this study, the fuzzy scales used by Wang
and Elhang were employed (15). In the third step, each
of the fuzzy numbers obtained for the importance of
each criterion, was multiplied by the corresponding
element of the decision matrix (the importance of
each criterion), and the weighted decision matrix was
calculated as follows:

Promoting driving culture

V=[p.] i=12,..mj=12,.,n

In the fourth step, the decision tables obtained
from the average opinions of the people and weighted,
were normalized, and the normalized decision matrix
was obtained, assuming that the normalized fuzzy
matrix is denoted by R:

R=[F] i=12,..,mj=12,..n

mxn >

This matrix is obtained from the following
formulas, in which B and C indicate the positive and
negative criteria of the problem, respectively:

4 0.1131

Quantitative and qualitative improvement of the...

4 0.1308

Intensify the punishment of drivers who use...

4 0.1430

Improve car safety

4 10.1441

Increasing the number of police officers on heavy...

4/0.1462

Physical separation of carriage and sidewalk

4/0.1466

Observe safety tips in city and electric bus stations

0.1492

Establish proper communication and networks of...

0.1509

Create a supportive atmosphere so that people...

0.1513

Establish intermittent rest for elderly pedestrians

4 0.1537

Installation of pedestrian lights

L 0.1537

Proper design of headlights and car mirrors to...

4 0.1557

Use of colorful clothes for public servants

4 0.1566

Periodic assessment of pedestrian safety in...

4 0.1572

Calibration of intersections

4 0.1577

Standardization of street lighting

4 0.1597

Educate drivers on how to respect the rights of...

4 0.1599

Educating and promoting traffic culture in the...

4 0.1603

Creating a culture of walking

Marking of passages for pedestrians
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Increasing the capacity of pedestrian crossings in...

Designing safe passages for the elderly and children ]

4 0.1688

Upgrading road safety infrastructure for...

4 0.1708

Separation of pedestrians and sidewalks

4 0.1708
4 0.1713

Proper design of pedestrian crossings

Removing roadblocks on the roads

4 0.1727

Increasing the scope of scrapping used cars

4 0.1735

Traffic calming

4 0.1813

Increase the width of sidewalks |

4 0.1816

Teaching and promoting traffic culture in schools

4 0.1861

4 0.1864

Car body design in accordance with the safety of...

Educating and promoting traffic culture in the...

4 0.1878

Establishment of controlled crossing points in...

4 0.1920

Restrict pedestrian access to the highway
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Figurel: Comparison of the key pedestrian safety criteria, according to proximity coeflicient criteria
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It is noteworthy that all the criteria used in the
present study had a positive aspect, and the result
of normalizing the rhythmic decision matrix, was a
triangular fuzzy matrix with positive numbers.

In the fifth step, the positive ideal response and the
fuzzy negative ideal response were determined.

RESULT

A total of 50 individuals participated in this
study. Forty-six (92%), were male and 4 (8%), were
female. The mean and standard age deviation of the
participants, were 42.68 and 8.03 years, respectively.
The mean and standard deviation of the participants’
work experience, were 21.24 and 8.94 vyears,
respectively.

Table (1), shows the distance from the positive
and negative ideals and the proximity coefficients and
rankings of the key pedestrian safety criteria. As shown
in Table (1), based on the fuzzy analysis, the criteria for
creating non-level crossings at intersections, creating
safe paths around schools, restricting pedestrian access
to highways, creating controlled crossings in high-risk
areas, educating and promoting traffic culture in the
community through mass media, ranked the first to
the fifth, respectively. Figure (1) compares the key
safety measures of the pedestrians, according to the
criterion of proximity.

CONCLUSIONS

The fuzzy analysis, showed that some criteria such
as creating non-level crossings at intersections, creating
safe routes around schools, restriction of pedestrian
access to highways, creating controlled crossings in
high-risk areas, and educating and promoting traffic
culture in the community through mass media, with
a high coefficient of proximity, ranked the first to the
fifth in improvement of pediastrian safety, respectively.

According to the results, creating non-level
crossings at intersections was the most important
criterion. Several studies have mentioned this criterion
as an effective intervention to improve the pedestrian
safety, such as Moeini et al., who proposed temporal
separation and spatial separation (horizontal or
vertical), to reduce pedestrian accidents. In another
study conducted by Ahadi and Naderi, various
interventions were proposed to improve the efficiency
of pedestrian facilities and also the safety of pedestrians,
including complete segregation of crosswalks and

Identification and Prioritization of Pedestrian Safety...

pediastrian corridors from car routes, removing
obstacles on sidewalks, correct location of pedestrian
bridges and underpasses, design of pedestrian
crossings in commercial areas, determination and
the observance of appropriate width of pedestrian
corridors according to demand, proper pavement of
pedestrian corridors (1). Amjadian et al. pointed to
the improvement of the pedestrian network, urban
spaces and the physical development of cities in terms
of pedestrian needs. Ismaili et al. mentioned that one
of the effective factors in traffic safety is road and
traffic engineering and separation of roadways for cars
and pedestrians (2).

Educating and promoting traffic culture in the
community through mass media, is the fifth key
criterion for pedestrian safety. Using the fuzzy TOPSIS
method, Moridi et al. showed that human factors and
behaviors, had the highest coefficient of proximity
among the effective factors in traffic accidents in
Tehran, and their control and management can
be considered as the first priority to reduce traffic
accidents (12).

These components can also be considered to
improve the safety of pedestrians on urban and
suburban roads, and the existing cultural weaknesses
can be reduced by enforcing regulations and
educating people and drivers, especially through the
mass media.

Environmental changes in the streets and the
creation of safe environments for pedestrians,
were another key criterion for improving the
safety of pedestrians. Moradi et al. showed that
the environmental factors, play a major role in the
distribution of traffic accidents leading to pedestrian-
related injuries in downtown Tehran (3). Similar
studies in other parts of the world, including the study
of Slaughter et al. in New York city (16), Anderson
in London (17), Taquechel et al. In Atlanta (18),
Wang and Kockelman in Texas (19), Siddiqui et al. in
Florida (20) and Sebert Kuhlmann et al. in Colorado
(21), have also shown that the environmental factors
including the intersections radius, pedestrian signs,
car warning signs, street width, street surface quality,
street type, shopping area, street lighting, traffic load,
and population density, plays a major role in the
distribution of pedestrian-related traffic accidents.
It should be noted, that determining the role of each
of these factors in the occurrence of traffic accidents
related to pedestrians, and the strategies to control
them, requires further and more comprehensive
studies.

This study showed that the necessary and
important criteriion for improving the safety of
pedestrians, includes various areas of human,
environmental and vehicle factors. Creating non-
level crossings at intersections, creating safe routes
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around schools, restricting pedestrian access to
highways, creating controlled crossings in high-risk
areas, educating and promoting the traffic culture
in the community through mass media, are among
the main factors to improve the pedestrians safety.
Through this study, we proposed a list of effective
interventions for pedestrian safety in urban passages
of Hamadan province, which could be used on a
natjonal scale for practical purposes, including the
design of pedestrian safety promotion programs. It
is noteworthy that in the next step, due to identifying
the key and effective criteria using the Multiple
Criteria Decision Making (MCDM) method, the
Multiple Attribute Decision Making (MADM)
method, can be used to analyze each of the effective
criteria.
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