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Abstract

This research highlights a very important aspectoald safety which is related to the use of
pedestrian facilities by young adults, with sped@ius on the differences related to gender.
Pedestrians are considered as the most vulnerabte user group. Moreover, involvement of
young people in road crashes is among the moshalgraspects for most of the countries in the
world. This research employs a survey questionrtaidetermine the preferences related to use
of pedestrian bridge, before and after its rehi@itin. The analysis of the questionnaire included
statistical tests, logistic regression and CART &loll was found that the physical condition of
the bridge has the most profound effect on therdgzarception of young pedestrians, in spite of
the presence of other factors related to safety smudirity. Most of the pedestrians preferred
using the pedestrian bridge during the afternooespective of the condition of the bridge. It
was also found that the before data had a highgadtnof gender, with more female respondents
showing safety concerns and using the pedestridgeorThe after data showed a more uniform
distribution among genders. Although, the CART ma®wed significant impact of gender on
the perception related to beggars, being the nmogobitant risk hazard. It is recommended for
future studies to be performed on a larger dataseliyde more variables and employ CART
technique for modeling.

Keywords: Pedestrian bridge, Students, Perception, Hazatdrig Traffic Safety

1. Introduction

Traffic crashes are an important cause of conaarreSearchers, academics and practitioners all
around the world. Their effects are not limiteddss of property, instead, they often extend to
life-long disabilities and loss of life (James kbt 2020). Pedestrians are often reported to be
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involved in severe crashes, so much so that theg baen termed under the category of
vulnerable road users (Sun et al., 2022).

Another important factor, associated with road lcess is the involvement of young adults in
them (Cox and Cicchino, 2021). These young peagegpected to build the future of a nation.
Thus, their involvement in road crashes is consdan issue of immense concern. As stated
above, there are higher chances of having sevashes when these young people are using the
road space as pedestrians.

Therefore, it is extremely important that theiretgfshould be ensured by providing them with
appropriate facilities and encouraging them tothsse facilities. In this context, many studies
have been conducted to study the issues assouwdtethe use of pedestrian facilities such as
Landa-Blanco and Avila (2020). However, conditiamsleveloping countries, such as Pakistan,
have unique issues related to law and order, miageanent, security and, most important of all,
gender disparity (Kalim and Afridi, 2020). It becesncritical that pedestrian behavior in such be
studied in the context of such issues and apprepnm@asures are taken which address these
issues.

The city of Karachi possesses a particular roagstfucture trait which is unique to itself, which
is the ‘Signal-Free-Corridors’. The concept of urlexpressways came in the 1960s when such
high mobility corridors were built in New York Citfhese expressways were mostly grade
separated and possessed an exclusive right-oftiuasy, preventing the movement of other
traffic and pedestrians over them (Waqar, 201&imilar approach was coined in the mid and
late 2000s in Karachi where such urban expressways built but these corridors were mostly
at grade and did not possess an exclusive rightagf-Therefore, the movements of pedestrians
were not restricted on these highly vehicular égemtrads. They promoted high speed continuous
flow of traffic over large lengths. This continudilew of non-lane-based mixed-traffic provided
little to no refuge for pedestrians to cross th&obair et al. (2015) found that pedestrians were
amongst the road users most vulnerable to accidensggnal-free-corridors. Since the widths of
these roads were more than 30ft on most locatibmss difficult for women, children and
elderly to cross them. The number of pedestriathiges built on these roads is not sufficient
(Raza, 2016) and are placed at great distancesgdH2@13). As a result, the pedestrian related
accidents increased two-folds on such corridorsttghafter their start of operation (Kumar et
al., 2010). Apart from pedestrians, these sigreg-ttorridors were responsible for fatalities of
other vulnerable road users such as motorcyclistsnia, 2016). Alternatively, these corridors
contributed little to the problem of traffic jam @#n et al., 2012).

Keeping this view in mind, this research aims talgtthe hazard perception of university
students in Karachi in relation to use of pedestnadge from the perspective of different
genders. Statistical analysis and models have b&sthto study their behavior. The results of
this study are expected to highlight the key issuedering the use of pedestrian facilities in the
circumstances of developing countries. Consequeanitjorities could use the findings of this
research to promote the use of pedestrian fasilégraong young people, especially around
educational institutions.

2. Study Area
The investigated pedestrian bridge is located oragr arterial in the city of Karachi, Pakistan,
which is called University Road. It lies exactlyfront of the gate meant specifically for the use
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of students at NED University of Engineering andhirlogy which is the second most
populated university in the city. There are oth@jonuniversities located on the same road. The
bridge serves as the only means of crossing theasdhere are iron grills placed along the
median to prevent crossings at grade and thednadfume is high with fast moving vehicles
during working hours, that is, from 7 am till midht. The deck of the bridge is located at 21
feet height above the finished road level. It seel structure with 8.5 feet width of aisle which
is 122 feet long. Pedestrian volume is concurratit the class timings of the university

resulting in high frequencies from 8:30 to 9:3@he morning and 3:45 to 4:45 in the evening. It
was provided with steel guardrails on both sidesédety. Over the period of time the guardrails
were stolen by addicts which resulted in a compftaipen deck from all sides. The pedestrians
kept using the bridge despite the safety concegnause crossing the road at grade was not
possible. Guardrails were installed along metaéthas part of the bridge renovation.

3. Survey Instrument
The Pedestrian Based Questionnaire (PBQ) was st survey instrument (Mcllroy et al
2019). Pedestrians who used the bridge duringhttee tpeak periods of time (8:15-9:15 a.m.,
1:00-2:00 p.m., 4:00-5:00 p.m.), were interviewElde pre-renovation survey was conducted on
19" November 2021. The deck of the bridge was open b sides as no guardrails were
present during that time. The post renovation suwas conducted orf"4March 2022. The deck
of the bridge was protected from the sides withpitwevision of guardrails and metal sheets
during that time. Pedestrians were asked to raéticge as safe or not safe depending upon
their perception and experience while crossingotidge. All the pedestrians were interviewed
on the same day by the same interviewetiefXuestions or observations of the survey included;

* Gender

» Preferred time of crossing/using the bridge

* Most important hazard factor
100 samples were collected before as well as tiféerenovation of the bridge. The response
data is given in appendix A and B.

4. Modeling Techniques

Several techniques have been used in this studyalyze the data. These include parametric
techniques such as t-tests, correlation, Analyisi@onance (ANOVA) and logistic regression
models. Moreover, non-parametric techniques wese einployed in some cases to support or
ascertain the results. These include Kolmogorov+3mi(KS) tests and classification tree
(CART) models. A significance level of 5% was smtdll parametric tests and logistic
regression tests, as per common practice (Harasah, 2020). All comparative tests were
conducted using MS Excel worksheets, while statisfirom StatSoft.inc) was used for model
development and testing.

T-tests are employed to test the equality of mgaopbrtions between two datasets. In each
case, the t-statistic (or z-statistic) is compawétti a standard normal t (or z) distribution (Laken
2013). In this research, t-test for proportions wsesd test the safety ranking of pedestrian bridge
by different genders in the before dataset. Thestasistic was calculated using equations (1)
and (2).
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fj — V1tY2 (1)

nitn,

Z=(pr - pz)/[ /% @)

Wherey; is the proportion of responses which rated thedariunsafe from male respondents,
while y, is that for the female for respondentsandn; are the number of male and female
respondents in the dataset, respectively (Coh&38)19

Paired t-test was used to compare the respongesiettrians to Q2 and Q4 in the after dataset.
T-statistic for this test is calculated as per ¢igus (3) and (4).

Sz = Sairs /N 3
t = (Xairr —0)/S% 4)

WhereS,;;sf is the standard deviation of difference of induatipair of values between the
datasets and is the number of values in the datasets, whicht inei€qual for the paired
comparison (De Winter, 2019).

Pearson correlation coefficient was also usederathove case, to support the results of the
paired t-test. The coefficient can be calculatedeasequation (5).

r= Y0 =0y — ) /NI — 02 —9)?  (5)

Wherex; andy; are the values in the two datasets arehdy are the means for each dataset
(Cohen et al., 2009).

ANOVA was used in several cases including compatimg of crossing for each gender in each
of the before and after datasets, comparing tineaxsing in between the before and after
datasets, comparing responses for Q2 and Q4 iafttvedataset, and comparing hazard
perception between the before and after datasBIOMA test is based upon the measuring and
comparing the variation in the overall dataset it between different groups of responses.
The test employs Fisher’s (F) statistic to testdigaificance of results which can be calculated
using equation (6).

F = MSSgroup/MSStotal (6)

WhereMSSgroup refers to the mean sum of squares of deviationdsst the groups and
MSSotal refers to the mean sum of squares of deviatigharoverall dataset (Judd et al., 2017).
KS test was used as a non-parametric alternatids@VA, employed in conjunction with it, to
reinforce or find the conflict in the results of ANA. It was done because of the statistical
assumptions which are established for employing ANQefer to Quene and Van den Bergh
(2004). Hence, KS test was employed to avoid theee of a restricted test on the datasets of
this study which had very few responses to teghallissumptions. KS test compares the
difference in the cumulative frequency distributafithe two datasets which a critical statistic
(termed as ‘D’). D-statistic can be calculated esgmuation (7).
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_ (n1+ny)
D= ¢, /—nlnz (7)

Wherec,, is the coefficient, fixed as 1.73 for 5% significa leveln; andn, are the number of
observations in the two datasets being comparexy,(E016).

In addition to comparative analysis, classificatiodels were also developed to predict the
hazard perception of respondents in the beforeafted datasets. Similar to the tests, two
different models were selected for this case taureapthe relationships between variables from
different aspects. These models included logistigession, which is a statistical model. While
CART models were also used which belong the cayegibbmachine learning techniques.
Logistic regression models can be used to calcthateitility function for each category of
response (type of hazard in this case). Theseytilinctions are, then, used in the logistic
function (see equation (8) to calculate the prdigtmf the response.

elc
el Ui

p(i=c)= (8)

Wherey; is the utility function for any respongeandc is the response variable for which the
probability is being calculated. The utility coefénts are calculated by maximizing the log-
likelihood function for the model. This researchpoays multinomial logistic regression because
the number of hazards were either three or fouH@&Dil, 2012).

CART models were used as a non-parametric altemtdithe regression models. These models
work on finding the best split of data, based upgmimary variable, at different levels. Hence, it
forms a tree-like structure which can be efficignililized to study multilevel non-linear
relationships. At each level, the algorithm woukdetmine the best variable and its split by
minimizing the Gini Index (GI) for the availabletdaet. Gl can be calculated as per equation

(9).

Gl =(1-Xp) (9)

Wherep; is the probability or proportion of data belongiogeach possible outcome (Daniya et
al., 2020).

4. Results

4.1 Descriptive Statistics

Table 1 presents the descriptive statistics ofitita collected in the before and after datasets. It
can be observed that datasets were slightly bi@seards the female respondents as they were
more frequently using the bridge as all times offsu The safety perception changed drastically
by the installation of the guardrail, which will béscussed further in the coming section.
Afternoon was found to be the most preferred tifherossing in before and after datasets. The
primary hazard factor was guardrail in the befatadet, while it was the addict in the after
dataset.

Table 1. Descriptive Statistics of Data
| Parameter | Valuesin Before Dataset | Valuesin After Dataset |
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Number of Responses 100 100
Male 41 46
Female 59 54
Bridge is Safe 15 100
Bridge is Unsafe 85 00
Morning Crossing Time 24 37
Afternoon Crossing Time 70 46
Evening 6 17
Hazard Factor: Guardrail 62 N/A
Hazard Factor: Addict 17 44
Hazard Factor: Beggar 19 18
Hazard Factor: Dog 2 38

4.2 Statistical Analysis

A t-test was performed to check the significancthadifference of proportions of respondents
from different genders, who ranked the bridge unsale results of this t-test are shown in
Table 2. P-value for the test statistic was leas 626 hence the significance of difference in the
proportions is proved. Furthermore, Figure 1 shthasthe proportion of female respondents
was more than male respondents who ranked theebudgafe. Hence, it can be said that the
female respondents were significantly more conakaimut the safety of bridge compared to
male respondents. This trend is also seen in séte @revious studies related to site safety,
such as Saxena and Yadav (2023). Interestingb/niot the case found in study done in Spain

(Useche et al., 2021). Hence, is could be saidfémaale pedestrians are more concerned about
safety of pedestrian facilities in Eastern (or &amdBub-continent to be specific) while it may not
be the case in the western countries.

Table 2. T-test for Proportions for Safety Rankimghe Before Data

https://doi.org/10.59879/A3EiA

Parameter Value
pl, male saying unsafe 0.73
p2, female saying unsafe 0.93
p (using equation 1) 0.85
Z (using equation 2) -2.76
P (z<2) 0.003
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Figure 1. Comparison of Safety Perception of Redpots in Before Dataset
Interestingly, when the safety perception was agkdkle after dataset, when the guardrail was
installed, all the respondents ranked the briddeetsafe. Considering the fact that overall 85%
of the respondents ranked the bridge unsafe b#ferguardrail installation, it is an extremely
drastic improvement. Hence, it could be said thaper installation of the facilities plays a very
important role in building the safety perceptiorr@hd users. This is also confirmed by a
previous study which highlighted the importancele$ign aspects on safety perception of road
users (Maynard, 2013).

ANOVA and KS tests were performed to check theifigance of difference in responses related
to time of crossing by different genders. The rssof these tests are shown in Tables 3 and 4.
The ANOVA test shows that there is significant gfidn in the reported time of crossing in the
respondents (p-value of 0.04), however, it didst@w any significant variation for respondents
from different genders. The later was establisheough KS test, wherein the maximum
difference in cumulative frequency was 0.43 whiile tritical value was 0.35. Hence, it can be
concluded that there is significant variation iagenses opting for different times of the day for
using bridge and gender has a significant impad¢hese responses.

Table 3. ANOVA for Time of Crossing in Before Da¢as

Sour ce of SS df MS F P- Fcrit
Variation value

Time of 1089 2 545 21.95 0.04 19
Crossing

Gender 54 1 54 2.07 0.28| 18.51
Error 52 2 26

Total 1195 5

Table 4. KS Test for Time of Crossing in Before 3t
| Male | Female | Cumulativefrequency | Cumulativefrequency |KSD |

POLISH POLRR RESEARCH

https://doi.org/10.59879/A3EiA



Pi\/N %:%: pOLIS.H pOLhR R€§€ARCH ISSN: 0138-0338

44(9)
before | after value
Morning 8 16 0.19 0.39 0.19
Afternoo 29 41 0.90 1.39 0.48
n
Evening 4 2 1 1.43 0.43
D (Using equation (7)) = 0.35

Figure 2 shows that most of the respondents optedbdss in the afternoon time, which could be
attributed to the class times which normally finistthe afternoon. As to the case of the morning
time, the lower preference could be the fact thadents may not opt to take the pedestrian
bridge to save time and prefer to cross on thergipwhile they are rushing to their classes.
Saving time is found to be one of the most inflierfactors because of which people avoid
pedestrian bridges, in the literature related &utbe of pedestrian bridges (Hasan and Napiah,
2017). There were more female respondents whick w&ng the bridge in the peak times
(morning and afternoon). As per the results oftésts, this increase in female respondents is
significantly higher than their male counterpartse study by Ojo et al. (2022) also confirmed
the trend of higher use of footbridge among fenstlelents.

45
40
35
30

25

20
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10
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0 B e

Morning Afternoon Evening

Number of Responses

B Male ™ Female

Figure 2. Comparison of Crossing Times by Differ@enders in the Before Dataset

ANOVA and KS tests were also performed to checkdifference in responses for time of
crossing in the before and after datasets. Theulteare shown in Tables 5 and 6. In both tests,
there was no significant difference detected indtossing times reporting. Hence, the reporting
of crossing times was same in the before and dét&rsets, which could be taken as an indication
of consistency among the respondents as no ottier fehanged (except installation of the
guardrail) in the study settings.

Table 5. ANOVA for Time of Crossing Before and Afte
|Sourceof | SS | df [ MS | F | P- | Ferit |
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https://doi.org/10.59879/A3EiA



2" 4% POLISH POLPR RESEARCH

ISSN: 0138-0338

44(9)
Variation value
Time of 2186 2] 1093.167 5.04 0.16 19
Crossing
Before 00 1 00 00 1| 1851
and After
Error 433 2 216.5
Total 2619 5
Table 6. KS Test for Time of Crossing Before anteAf
Before | After Cumulative frequency Cumulative KSD
before frequency after value
Morning 24 37 0.24 0.37 0.13
Afternoo 70 46 0.94 0.83 0.11
n
Evening 6 17 1 1 0
D= 0.24

The consistency of preferred time of crossing wathér reinforced by the ANOVA and KS tests
(Table 7 and 8) performed on the after datasethisncase, ANOVA showed a significant
difference in the reporting times of crossing. Teshown in Figure 3 are similar to Figure 2,
with afternoon having the highest response ratehagiter female reporting in all cases.
However, there was no significant effect detecteel i the gender in the times of crossing by
ANOVA or KS test. This could be attributed to thighrer willingness of male students to use
bridge, when the guardrail was installed. It mayeheeduced the significance of difference of
their responses with female respondents showreibéfore dataset.

Table 7. ANOVA for Time of Crossing in After Datase

Source of Vari

ation SS df MS

F P-value Fcrit

Time of Crossing

Gender
Error
Total

220 2 110 21.32 0.04 19
11 1 10 2.06 0.28 18
10 2 5

241 5

Table 8. KS Test for Time of Crossing in After Dsdt

Male | Female | Cumulativefrequency | Cumulativefrequency | KSD
male female value
Morning 19 18 0.41 0.33 0.08
Afternoo 21 25 0.87 0.80 0.07
n
Evening 6 11 1.00 1.00 0.00
D= 0.35
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Figure 3. Comparison of Time of Crossing in theeAfDataset

ANOVA and KS tests were also performed to checkdifference between the hazard

perceptions in the before and after samples. llshioe noted that the before dataset contained

guardrail as one of the possible hazards, whilaftez dataset did not have this after it was
fixed. Hence, the respondents who opted for therdthzard factors (addict, beggar or dog),

which were 38 from the available dataset of 100evwaken into consideration from the before
dataset for the purpose of this comparison. The XN @st (shown in Table 9) did not show any

significance difference in the perception. Howetee, KS test (shown in Table 10) showed a
critical D-value which was approximately the saraereaximum difference found in the

cumulative frequencies. Hence, it was considerdzkta significant difference according to the

result of KS test.

Tables 9. ANOVA for Hazard Perception Before anteAf

Sourceof Variation | SS |df | MS| F | P-value| Fcrit
Type of Hazard 530 2 |265]|0.50 0.66 19
Before and After 01 0 0 1| 18.51
Error 1057 2| 528

Total 1587 5

Table 10. KS Test Hazard Perception Before andrAfte

Before| After Cumulative frequency before Cumulative fregeye | KS D
after value
Addict 45 44 0.45 0.44 0.01
Begga 50 18 0.95 0.62 0.33
r
Dog 5 38 1 1 0
D= 0.33

https://doi.org/10.59879/A3EiA
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Figure 3 shows that the proportion of responseé\dalict were same in the before and after
datasets, in both cases it was more than 40%. Hereessue of security which rises in the
presence of an addict is the primary concern fanynd the respondents when the design of
bridge is safe. The significant difference was shawthe rating of Beggar and Dog, with higher
rating for Beggar in the before sample while theswhe case for Dog in the after sample. This
could be linked to the fact that beggars would & @aching on part of the walking space as
they sit there and then they approach every walgergon for alms. Hence, the pedestrians
would have felt a higher risk of falling over witlitothe guardrail.

60

50

Addict Beggar Dog

% of Responses
N w H
o o o

[y
o

W Before M After

Figure 4. Comparison of Hazard Perceptions in Beford After Samples

4.3 Models

As mentioned earlier, logistic regression and CARIdels were developed for the before and
after dataset. However, the data was imbalancestms of the number of responses for each
hazard level, as shown in Table 1. If the modedsdaveloped with this raw data, then they will
be biased towards predicting the majority classiddesamples for the hazard factors were
duplicated to match with the hazard factor respsiogted by the majority of respondents (Lee
and Li, 2015). For example, the before datasebRagsponses for Guardrail, hence, number of
responses for Addict, Beggar and Dog were duplicatethat each one of them has 62
responses. This resulted in 248 samples (62x4héobefore dataset. Whereas 132 samples were
used for the models of after dataset since 44 pedpmse Addict, and other two hazards were
also duplicated to have the same value. In eaahy 2886 of the data was randomly selected and
kept aside to validate the model.

Logistic regression models were developed for #fere and after datasets. The utility function
for the before dataset is shown in Equations (), and (12), while those for the after dataset
are shown in Equations (13 and (14). In the caskeomodel of before dataset, the probability of
choosing Guardrail, Addict or Beggar would be ckldted using Equation (8), while that for
choosing Dog will be calculated as (1 cuiarai— Paddict — Fegga). Same would be done for
calculating probability for choosing Beggar in tifeer dataset.
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Ucuardraili= 13.38 - 9.29(Female) + 1.17(Unsafe) - 5.40(Aft@n) + 12.25(Morning)

(10)

Uaddict = 13.80 - 9.00(Female) + 0.63(Unsafe) - 5.49(Aft@n) + 12.00(Morning)
(11)

Ugeggar= 7.70 - 8.61(Female) + 1.00(Unsafe) + 0.29(Afvem) + 17.77(Morning)
(12)

From the coefficients of utility functions in thefore dataset (Equations (10) — (12)), it is clear
that female respondents are less likely to choassedail, Addict or Beggar, alternatively, they
are more likely to select the Dog. It was alsofiedithrough the data in which the respondents
who selected Dog were all females. These resposidhave higher coefficient on the utility
function of Guardrail, as compared to Addict or Bag Moreover, people who deem the bridge
unsafe mainly do it due to the Guardrail issue Wigcshown by its higher coefficient in
Equation (10) compared to Equations (11) or (12pdke who want to cross during the
afternoon or morning are more likely to be concdrwieh beggars. People who cross in the
afternoon time are less likely to choose Guardnafddict. The morning crossing time has a
positive impact on the selection of Guardrail and Addict; however, its impact is even higher on
selection of Beggar.

Based upon these observations, it could be saidjéting rid of beggars and dogs will benefit
the female users and those who cross in the afiayrveho are the majority of students in the
dataset. Moreover, getting rid of beggars may leageeater impact on the morning time users
and may increase the utilization of the bridge.

Uaddict = 0.02 — 0.26(Morning) + 0.61(Afternoon) (13)
Upbog = -0.07 — 0.79(Morning) + 0.87(Afternoon) (14)

Equations (13) and (14) show that gender has naétgn the choice of hazard factors. This
was also seen in the case of its impact on tineasfsing in the after dataset. As stated earlier,
installation of guardrail may have prompted mordenmedestrians to cross resulting in
diminishing the impact of gender. The time of dag higher impact on choosing Dog as
compared to Addict. Moreover, respondents crossitiige morning time are less likely to
choose Addict or Dog, while those crossing in Aitesn time are more likely to select them.
Hence, getting rid of dogs and addicts, in thegmes of guardrail will be beneficial for the
majority of the users who cross during afternoaretiOn the other hand, morning users could
be more concerned about beggars as their impaktidicts and Dogs’ utility function is
negative.

Accuracy of the models was measured in terms efrat accuracy which is calculated using the
Equations (15).

Accuracy = (CP)/(TS) (15)

Where CP are the number of observations correotigipted by the model, and TS are the total
number of samples (Nemer, 2021).
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The parameters for the logistic regression modelskown in Table 11 for the before and the
after cases. For each case, a sample of 20% olises/avas randomly selected for validation of
the model which were not used for developing theleholhe accuracy of these models in both
cases is very low. This justifies the use of anotbehnique in the form of CART models in this
study. However, it should be noted that the acgufaicthe after dataset was slightly better than
before dataset model. This could be attributednplgication in the prediction problem with
less output classes in the after dataset (Bayemamdane, 1996).

https://doi.org/10.59879/A3EiA

POLISH POLRR RESEARCH

14



2" 4% POLISH POLPR RESEARCH

ISSN: 0138-0338

44(9)
Table 11. Parameters for Logistic Regression Models

Parameter Before M odel After Modédl
Training Data | Test Data Training Data | Test Data

Initial Log- -275.78 -116.39

likelihood

Final Log- -220.16 -111.65

likelihood

Accuracy 0.45 | 0.41 0.50 | 0.43

The other type of model used in this study are CAROels. Figures 5 and 6 show the structure
of each of these models. Figure 5 shows that the tif crossing is the primary variable which
affects the hazard choice, as it is at the tophettee. Respondents who prefer to cross in the
evenings either select Addict or Dog as the maratdh based upon their overall perception of
the bridge. It seems that these respondents carbglbridge unsafe at these times due to the
presence of the Addict.
As for the other times of crossing, female respatsierossing during morning either select
guardrail or beggar, former seems to be the causensidering the bridge unsafe by them.
Female respondents who cross during afternoorgtssdelict or beggar, among which beggar
seems to be the cause of considering the bridggeiby female. Male respondents, whether
crossing in morning or afternoon, choose guaravhgn they consider to be unsafe, otherwise,
they choose addict. Hence, these observations fmoihe fact that removal of addicts may
increase the utilization of bridge in the mornimglavening times for the male students, and in
the afternoon times for the female students.
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Figure 5. CART Model for Before Dataset
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CART model in Figure 6, for the after dataset, leas variables as safety ranking is not

considered in this case, for the reasons alreadgdstarlier. Similar to the before dataset, time
of crossing is still the top classifier for thedr&\Vith the guardrail, people who cross during
afternoon are more likely to consider Dog as theary hazard, irrespective of their gender. For
users who cross during morning or evening, beggtira main concerns for females and addict

is the main concern for male students.

Figure 7 shows the accuracies of CART models foh elataset, on the training and test samples.
These accuracies are similar to those obtained logmtic regression models. Hence, use of

other techniques or collection of extended datel{aing more variables) is highly

recommended for future studies. It is also cleat tibservations from the CART models provide
more insights, compared to logistic regression r&deto the decision process in an efficient
manner through its tree structure. Hence, its apfin to similar datasets is advised, which is

also corroborated in the literature (Li et al., @01
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Figure 6. CART Model for After Dataset
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Based upon the above observations, a t-test faoption was conducted to determine if the

proportions of genders are significantly differéoim each other. The test results in Table 12
show that the difference between these proportidmgas not significant. Therefore, it can be
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said that the change in the effect of gender irafter-dataset parameters is not because of the
change in dataset, instead, it was due to the ehisnnggttings.

Table 12. T-test for Proportions for Gender

Parameter Value
pl, female in the before dataset0.59
p2, female in the after dataset 0,54
p (using equation 1) 0.56

Z (using equation 2) 0.71
P (z<2) 0.76

5. Conclusions

This study aimed to understand the hazard perceptiated to use of pedestrian bridge among
university students in Karachi, Pakistan. Data@d &tudents was taken before and after the
improvement of a pedestrian bridge at Universita®Rm Karachi. Statistical analysis, logistic
regression and CART models were used to explorpeheeption for different genders of
students.

It was found that rehabilitation (installation afaydrail) had a significant impact on changing
the overall hazard perception of the young pedesirieven when the other factors persisted.
The most important time of crossing for these sttslevas the afternoon, while evening was the
least utilized time of the bridge. These findings eorroborated from another study, which was
done in another city of Pakistan by Kamal et a01(). There were more female participants in
the dataset, which could be due to their higherafiske pedestrian bridge. Female participants
were found to be more concerned about the safdatyedbridge in the before data. CART model
revealed that in most cases, it was due to beggaddict rather than the missing guardrail.
Logistic regression model also showed that peoesing in morning and afternoon are more
concerned about the presence of beggar when tres@evguardrail. While in the after dataset,
morning crossers were more concerned about dogadahdts. This gives an indication that the
changes on the bridge will not only change the al/eerception about the facility, but it may
alter the perception about other existing factors.

The use of logistic regression models revealed mapofindings. However, the model
accuracies were found to be low with possible reaseing small sample size and lack of
explanatory variables. Hence, it is recommendedutoire studies to attempt a much deeper
analysis with larger sample size and number ofdes. CART models were found to be very
efficient in displaying the relationships betwebka variables at different levels.
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Gender | Safe/lUnsafe | Hazard Factor

Appendix A: Before Data
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Gender | Safe/lUnsafe | Hazard Factor

Appendix B: After Data

Best Time of Crossing

Male
Female
Male
Male
Male
Female
Female
Male
Male
Male
Female
Female
Female
Female
Male
Male
Female
Female
Female
Male
Male
Male
Male
Female
Female
Female
Male
Male
Female
Female
Female
Male
Male
Male
Female
Female
Female
Female
Male

https://doi.org/10.59879/A3EiA

Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe

Addict
Dog
Addict
Addict
Dog
Addict
Dog
Addict
Addict
Addict
Dog
Addict
Beggar
Dog
Beggar
Addict
Addict
Addict
Dog
Dog
Dog
Beggar
Addict
Addict
Addict
Dog
Dog
Dog
Addict
Addict
Addict
Addict
Beggar
Dog
Addict
Addict
Dog
Beggar
Addict

Morning
Afternoon
Morning
Morning
Afternoon
Afternoon
Afternoon
Afternoon
Morning
Morning
Evening
Morning
Morning
Afternoon
Evening
Morning
Morning
Morning
Afternoon
Afternoon
Evening
Afternoon
Morning
Evening
Morning
Evening
Afternoon
Afternoon
Afternoon
Evening
Morning
Morning
Morning
Morning
Afternoon
Evening
Afternoon
Morning
Evening

ISSN: 0138-0338

POLISH POLRR RESEARCH

24



2" 4% POLISH POLPR RESEARCH

44(9)

https://doi.org/10.59879/A3EiA

Male
Female
Female
Male
Female
Male
Male
Female
Female
Female
Male
Male
Male
Female
Female
Male
Female
Female
Male
Male
Female
Female
Female
Male
Male
Male
Female
Female
Female
Male
Male
Male
Female
Female
Female
Female
Female
Male
Female
Female
Male

Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe

Dog
Dog
Dog
Addict
Beggar
Addict
Dog
Addict
Addict
Addict
Beggar
Dog
Dog
Dog
Addict
Dog
Dog
Addict
Addict
Dog
Dog
Beggar
Addict
Addict
Addict
Beggar
Addict
Dog
Dog
Dog
Addict
Beggar
Beggar
Addict
Dog
Dog
Addict
Beggar
Addict
Beggar
Dog

Afternoon
Afternoon
Afternoon
Afternoon
Morning
Morning
Evening
Afternoon
Evening
Afternoon
Afternoon
Morning
Morning
Morning
Afternoon
Evening
Evening
Afternoon
Afternoon
Afternoon
Afternoon
Morning
Afternoon
Afternoon
Evening
Afternoon
Afternoon
Morning
Morning
Afternoon
Morning
Morning
Morning
Morning
Afternoon
Evening
Afternoon
Afternoon
Afternoon
Afternoon
Afternoon

ISSN: 0138-0338

POLISH POLRR RESEARCH

25



2" 4% POLISH POLPR RESEARCH

44(9)

https://doi.org/10.59879/A3EiA

Female
Female
Male
Male
Female
Female
Male
Male
Male
Female
Female
Male
Male
Female
Female
Male
Male
Female
Female
Female

Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe
Safe

Addict
Beggar
Dog
Dog
Addict
Beggar
Addict
Beggar
Dog
Dog
Dog
Addict
Addict
Beggar
Beggar
Addict
Addict
Dog
Dog
Dog

Morning
Morning
Morning
Afternoon
Afternoon
Evening
Afternoon
Morning
Afternoon
Afternoon
Afternoon
Afternoon
Afternoon
Evening
Morning
Morning
Morning
Morning
Afternoon
Evening

ISSN: 0138-0338

POLISH POLRR RESEARCH

26



