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        Abstract



        
          Objective:


          The present research concentrates on studying the road crossing time of pedestrians based on their pattern of the road crossing. The factors that influence the road occupancy time due to the irregular road crossing patterns of pedestrians have been studied.

        


        
          Methods:


          The research used a videographic survey of three midblock locations with different land-use types. The pedestrian variables from the video data are extracted to excel using a custom-made video player. The data set consists of 8718 pedestrian data, including all three sites, and the data is analysed using statistical methods. A binary logit analysis is performed to predict the variable influencing the crossing time High/Low.

        


        
          Results:


          According to the analysis, females making path changes and an increase in stage number show a higher road crossing time for pedestrians. Also, the absence of motor vehicles results in a higher road crossing time for pedestrians. The prediction accuracy of the model is 58.2%, and a variance of 6% shows a lesser degree of spread in the dataset.

        


        
          Conclusion:


          The inference from the study is that the crossing time of path-changing pedestrians is more than straight-moving pedestrians. Thus, an increase in road crossing time decreases the safety of pedestrians by increasing the exposure rate while crossing the road. So, the probability of safety risk is high when they practice irregular road crossing patterns.
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      1. INTRODUCTION


      Pedestrians are one of the important elements in the traffic system and are permitted to cross the road at zebra markings. Earlier studies based on unprotected crosswalks show that pedestrian crossing behaviour has a significant effect on pedestrian-vehicle interaction [1]. Pedestrian interaction with motor vehicles creates serious conflict on roads during road crossing activity at crosswalks. Records by National Crime Record Bureau [2] show that 7.7% of pedestrian accidents in India occur due to road accidents. Further, 6% of road accidents in urban areas occurred at pedestrian crossings [2]. According to statistics, in 2020, a pedestrian was killed every 81 minutes in road traffic crashes [3]. Understanding the reason for the pedestrian accident will be the key to solving traffic safety-related issues. The increase in road crashes is due to the unusual behaviour of pedestrians; in most cases, pedestrian-vehicle crashes are not reported. It is reported that pedestrians of all types are always fragile to risk [4]. It is observed that most pedestrian fatalities and injuries at zebra marking are due to the risk-taking behaviour of pedestrians during crossing [5]. Statistics show many pedestrian-vehicle crashes at the midblock crosswalk, due to the vehicles' low-yielding rate at the crosswalk [6]. An earlier observation [7] shows that the midblock crossing is more deadly than the intersection. Also, the illegal crossing behaviour of pedestrians at midblock is studied in china, and developed a conflict model to evaluate pedestrian accident risk [8]. The crossing speed of pedestrians is an essential parameter for designing a facility. Most of the pedestrian models are developed by considering the crossing speed as a variable. It is identified that pedestrian usually changes their speed during road crossing in order to adjust to the varying roadway and traffic environments [9]. When comparing location with the presence and absence of zebra marking, pedestrian making path change is higher at the location without zebra marking [10]. However, due to irregular crossing patterns, the irregular path followed by pedestrians during road crossing will result in calculating the incorrect crossing speed, not the actual speed. This phenomenon has been widely observed among pedestrians at a crosswalk. An alternate approach is needed to calculate the crossing time instead of the crossing speed, with different starting and end points of crossing along the road to address the issue of irregular crossing behaviour.


      This study aims to assess the crossing time of pedestrians at the midblock crosswalk by understanding their crossing patterns and other factors. The key elements used in this study are driver-yielding and non-yielding behaviour, stage of crossing, gender, age and pattern of the road crossing. These elements are used to predict the crossing time of pedestrians at uncontrolled mid-block. Further, this study pays attention to Kozhikode district, a city in India located in the southern part of Kerala state.

    


    
      

      2. LITERATURE REVIEW


      In an earlier study to understand whether pedestrians can accurately estimate the crossing time, a questionary survey was conducted to estimate the time needed to cross the road. The results show that 80% of people underestimate their crossing time [11, 12]. Earlier research shows the total crossing time is calculated considering the waiting time of pedestrians, and this crossing time is predicted using traffic density as input [13 ]. Pedestrian speed is the main factor in designing or evaluating a pedestrian facility. Road crossing can have a chance of collision because the behaviour of pedestrians on the vehicle can cause hazardous circumstances [14]. All pedestrians moving on public transport trips begin and end with walking [15]. Recently, research was carried out to study the pedestrian behaviour pattern with crash risk using simulation-based Virtual Reality technology to improve safety by reducing the risk of the pedestrian crash [16]. Researchers developed a new method, Psychophysics based Gap Acceptance (PGA), to characterise pedestrian crossing beahviour using visual looming and binary logit model [17]. Also, studies have come up with a new Pedestrian Crossing Level of Service (PLOS) to promote the safe and sustainable operation of the pedestrian facility [18].


      The road crossing speed of pedestrians differs from the speed of pedestrians walking on the sidewalk. Research on the pedestrian road crossing behaviour with pedestrian gap acceptance at midblock found that the speed of pedestrians has a significant effect on pedestrian gap acceptance [19, 20]. Further, the factors that affect the crossing speed of pedestrians are traffic volume, pedestrian platoon, street type and parking [21]. Also, the researcher has proved that the normal crossing speed of pedestrians differs from pedestrians moving in different weather conditions [22]. Since pedestrian crossing speed is the primary element, several studies have suggested pedestrian speeds for designing the pedestrian facility. HCM [23] suggests 1.1m/s as the crossing speed of pedestrians at the crosswalk for designing any facility, and IRC [24] suggests 1.2m/s for designing any pedestrian facility. Traffic Engineering Handbook [25] suggests 0.98m/s, the Manual of Uniform Traffic Control Devices for Streets and Highways [26] suggests 1.21m/s, and another Australian study suggests 1.2m/s [27]. Research shows that pedestrians alter the crossing speed to avoid conflict with approaching vehicles [28]. Also, study shows pedestrians alter the crossing speed during their activity [29].


      Further literature shows that the crossing speed of pedestrians is varied based on age, and there is no greater difference for gender [30]. However, some studies on the effect of gender and age on walking speed conclude that men walk faster than women. Also, young pedestrians move faster than elders [31-35]. Research also shows children behave running during road crossings compared to adults [36]. From the earlier study, the crossing speed of pedestrians is an important element that influences safety. It is understood that the crossing speed of pedestrians was analysed, but they did not consider the variation in crossing speed [37]; instead, pedestrian crossing speed is considered uniform. Also, an earlier study based on simulation shows a variation in the speed of pedestrians during crossing [38]. The study shows that pedestrian crossing speed is compared based on age group and gender. The previous study identifies crossing speed decreases with an increase in the vehicular gap [9]. However, the earlier research does not show the speed variation of pedestrians for a different pattern of the road crossing. The gap identified from the earlier study is crossing speed variation and its significant effect on the path-changing road crossing behavior.


      The distance of the pedestrian path while crossing is not the same for every pedestrian, as each of the pedestrians makes a different pattern of the road crossing. Due to the change in a crossing pattern, there is the chance of increased safety risk for the pedestrian because of their increased road exposure. Therefore, a new approach is needed to calculate the road occupancy of pedestrians and evaluate safety by using crossing time.

    


    
      

      3. MATERIALS AND METHODS


      
        

        3.1. Methodology


        The methodological step followed in the present research is shown in Fig. (1), and the variables considered for analysis are shown in Table 1 . The primary step followed in this study is conducting a videographic survey at locations of different land use types. The second step involves data extraction from the recorded video and removing outliers from the extracted data. The third step involved in this study is conducting statistical analysis to identify the classification of data. In the fourth step, the crossing speed of the pedestrian is converted into crossing time High/Low. This is achieved at each location by assuming a crossing speed of 1.2 m/s for each site, and with reference to this base value, crossing time High/Low is determined. The final step involved predicting the categorical choices crossing time High or Low using the binary logit model. Further, this study helps in identifying the variables which are having a significant influence on the crossing time of pedestrians.


        [image: ]
Fig. (1)

        Study methodology.

        
          Table 1 Variables identified.


          
            
              
                	Variables

                	Choices

                	Type
              

            

            
              
                	Driver Yielding

                	0- Vehicle existence - nil

                1- Driver Yielding- Yes

                2- Driver Yielding- No

                	Categorical
              


              
                	Stage

                	No units

                	Ordinal
              


              
                	Age

                	Senior -O

                Adult - A

                Young - Y

                Child -C

                	Categorical
              


              
                	Gender

                	Male – M

                Female - F

                	Categorical
              


              
                	Crossing Time1

                	High/Low

                	Categorical
              


              
                	Crossing Behaviour

                	Path Change/ Straight

                	Categorical
              

            
          


          
            Note: 1 Predicted variable.
          


        

      


      
        
          3.2. Road Crossing Time and Safety


          The speed of crossing pedestrians is generally calculated by the width of the road and the crossing time. On most occasions, at locations without zebra markings, pedestrians cross the road with an irregular pattern path connecting the starting point and end point on either side of the road. This results in an increased distance of the crossing path than the actual width of the road while crossing perpendicular to the road alignment. In the road safety analysis, the crossing speed of pedestrians is calculated by considering the crossing distance as the width of the road. But the crossing distance of all the pedestrians is not the same due to the irregular path followed by different pedestrians with different start and end points. Further, the irregular pattern crossing, along with lesser yielding of motorised vehicles at locations other than marked crossings, becomes very unsafe for pedestrians. Therefore, it may be more appropriate to have pedestrians' road crossing time as a variable for analysing and evaluating road safety instead of crossing speed.

        


        
          3.3. Binary Logit Model


          Logistic regression can be used in a confirmatory type of approach to test the association between an explanatory variable and a binary outcome in an attempt to better understand factors that affect the outcome. A logit is a natural log of the odds of an event occurring [44].


          
            
              	[image: ]

              	(1)
            

          


          [image: ]
Fig. (2)

          Schematic diagram of typical Midblock.

          From equation (1), if the odd ratio =1, it shows that as the predictor increases, the probability of occurrence of an event equals the probability of non-occurrence of an event. Also, when the odd ratio >1, it shows that as the predictor increases, the probability of occurrence of an event increases. Finally, when the odd ratio <1, it shows that as the predictor increases, the probability of occurrence of an event decreases. The odd ratio can also be used to measure each variable's contribution in predicting the choices. This statistical analysis is more suitable for predicting binary choices with one outcome.

        

      

    


    
      

      4. STUDY LOCATION AND VARIABLES


      For the present study, the data collection was done at Kozhikode city, located in Kerala state of India.


      
        

        4.1. Case study of Kozhikode city


        The district of Kozhikode is a fast-developing city with a population of 30,86,293 in 2011, with females 52.34% and males 47.66% [11 ]. Further, the city has a total area of 2,206 sq.km [ 40 ] and constitutes 38.25% of urban areas [ 39 ], and the total number of registered transport motor vehicles as on March 2018 is 69,518, and registered non-transport vehicles is 3,42,515 [41]. Three midblock sites selected from the city with different land use types are considered for the study. The selected midblock location is of mixed land use type located at the center of Kozhikode city. A schematic diagram of a typical midblock location with basic pedestrian behaviour is shown in Fig. (2).

      


      
        

        4.2. Description of Selected Variables


        The variables considered for the present research are listed in Table 1, description of each variable is shown below:


        
          	Driver Yielding – It represents the driver's charac-teristics in giving way to pedestrians at the zebra crossing location. When a pedestrian tries to cross the road, if the driver on the road reduces the speed and allows the pedestrian to cross indicates driver-yielding behaviour-yes. If the driver does not yield to the pedestrian, it shows the non-yielding behaviour of the driver.


          	Stage – This behaviour represents how many inter-mediate points the pedestrians stop during the road crossing activity. The number of intermediate stops represents the number of stages [10], which is shown with an example in Fig. (2).


          	Age – In the present study, the data is collected from video data, so the age group of the pedestrian was identified by visual observation, i.e., children (0 – 15 years), young (16 – 25 years), adults (26 – 60 years) and senior (more than 60). The classification of age group is represented as children, young, adults and seniors based on the observation from the video.


          	Gender – This represents the classification of a male and female group of pedestrians involved in road crossing activity.


          	Crossing Time – The time taken by the pedestrian to cross the road is called crossing time, and it is interpreted with the base crossing speed of 1.2m/s. If the crossing time is higher than the base reference time, it is crossing time High.


          	Crossing Behaviour – The behaviour of pedestrians that represents the pattern of road crossing is said by path changing and straight crossing behaviour. Path-changing [10, 42] behaviour occurs if the pedestrian crosses the road in an irregular pattern and reaches the other end of the road. Fig. (2) shows an example path-changing behaviour of a pedestrian. Straight crossing [10] occurs if the pedestrian crosses the road perpendicular without making any deviation at the crosswalk.

        

      


      
        4.3. Data Collection


        The survey was conducted in the year 2019 on all three selected locations simultaneously for a period of three days on a normal working day. The data was collected using a video camera placed at a suitable vantage point in all locations. The video is recorded during morning and evening peak hours for a duration of 6 hours from the selected midblock locations with a stretch of 15m on either side of the road from the zebra marking. The peak hour in the morning represents 8:30 am to 11:30 am, and the afternoon peak hour represents 3:30 pm to 6:30 pm. The characteristics of selected sites from Kozhikode are shown in Table 2. The selected locations are characteristics of different land-use types; location 1 is near the bus terminal, which is used mostly by commuters travelling inside and outside the city. Also, location 1 provides access to shopping needs. Since location 1 is near the bus terminal, most bus users walk either to the bus stop on the other side or move inside the bus terminal from the bus stop. Location 2 is of mixed land-use type which is used for shopping and health-related activity by the locals. Location 3 is near the hospital zone, which has regular pedestrian and vehicle movement on all working and non-working days. The locations of all the sites have footpaths and zebra marking for pedestrians.


        
          Table 2 Roadway and traffic characteristics of selected locations.


          
            
              
                	-

                	-

                	Midblock

                	-
              


              
                	Characteristics

                	Location 1

                	Location 2

                	Location 3
              

            

            
              
                	Width of the road (m)

                	14

                	11

                	14
              


              
                	Availability of Sidewalk

                	Yes

                	Yes

                	Yes
              


              
                	Type of land use

                	Near Bus Terminal

                	Mixed

                	Hospital Zone
              


              
                	Length of Road stretch

                	30 m

                	30 m

                	30 m
              

            
          


        


        The recorded video data were analysed through a custom-made tool developed using vb.net, which extract the time of crossing pedestrian and other variables in excel format. The tool can be played forward and backward with reduced player speed to get accurate pedestrian crossing time.

      

    


    
      

      5. PRELIMINARY ANALYSIS


      The preliminary analysis identifies the variation in pedestrian crossing speed due to path-changing and straight-crossing behaviour. Further, this identifies the impact of path-changing behaviour on the road crossing time of pedestrians. A total of 8718 pedestrian crossing data were extracted from the recorded data, and it was found that the percentage distribution of males and females is 80.6% and 19.4%, respectively. Further, the proportion of young and adults is higher compared to other age groups. Also, the analysis shows that 69.1% of pedestrians make path change during their road crossing, and 30.9% make a straight crossing.


      
        

        5.1. Identifying Variation in Crossing Speed of Pedestrians


        The road crossing speed of pedestrians is compared with crossing patterns like straight and path-changing behaviour. The result identifies that the mean crossing speed of path-changing pedestrians is 1.26m/s and straight-moving pedestrians' mean crossing speed is 1.56m/s, where the mean speed of path-changing pedestrians is lesser when compared to straight-moving pedestrians. This shows that the crossing speed of path-changing pedestrians is reducing due to increased crossing distance. This indicates that their road contact time is higher due to their increased crossing distance when compared to the straight crossing distance, which reduces the safety of path-changing pedestrians.


        The t-test is used to compare the crossing speed of the pedestrian with respect to the crossing behaviour. The Independent sample t-test result shows the p-value is <0.05, which rejects the null hypothesis and concludes that there is a significant difference between the crossing speed of Path change and Straight pedestrian at 5% of significance, t (8718) = -30.479, P=0.000.

      


      
        

        5.2. Comparing Crossing Behaviour and Gender with a Crossing Speed


        The two-way ANOVA test is conducted to compare the mean crossing speed of pedestrians with respect to gender and crossing behaviour (path change and straight). The descriptive statistics show the mean crossing speed of female pedestrians (straight = 1.47m/s, path changing = 1.27m/s) and male pedestrians (straight = 1.59m/s, path changing = 1.26m/s). The interpretation shows crossing speed of males is higher than females, but the crossing speed of straight-moving pedestrians is higher than path-changing pedestrians. This indicates the road safety of pedestrians irrespective of age group path changing shows a higher exposure to the road than straight moving pedestrians. The ANOVA test shows a 'p-value <0.05, rejects the null hypothesis, and concludes there is a significant difference among the gender and behaviour (path change and straight).

      

    


    
      

      6. STUDY ON CROSSING TIME OF PEDESTRIAN


      The previous section's result shows variation in crossing speed due to the path-changing behaviour of pedestrians. So there is a need to find an alternative solution to understand the crossing pattern of the pedestrians. In order to overcome the issue, the crossing time of the pedestrian is compared with the pattern of the road crossing. Since the road width is different for all 3 locations, the crossing time of individual locations is analysed separately.


      
        Table 3 ANOVA test result for all locations.


        
          
            
              	-

              	Sum of Squares

              	df

              	Mean Square

              	F

              	Sig.
            

          

          
            
              	Location 1

              	-
            


            
              	Between Groups

              	827.813

              	1

              	827.813

              	23.370

              	.000
            


            
              	Within Groups

              	99784.619

              	2817

              	35.422

              	-

              	-
            


            
              	Total

              	100612.432

              	2818

              	-

              	-

              	-
            


            
              	Location 2
            


            
              	Between Groups

              	140.062

              	1

              	140.062

              	9.859

              	.002
            


            
              	Within Groups

              	34194.846

              	2407

              	14.206

              	-

              	-
            


            
              	Total

              	34334.907

              	2408

              	-

              	-

              	-
            


            
              	Location 3
            


            
              	Between Groups

              	528.450

              	1

              	528.450

              	17.728

              	.000
            


            
              	Within Groups

              	103975.155

              	3488

              	29.809

              	-

              	-
            


            
              	Total

              	104503.605

              	3489

              	-

              	-

              	-
            

          
        


      


      
        Table 4 Study Locations Descriptive Statistics for crossing time.


        
          
            
              	-

              	N

              	Mean

              	Std. Deviation

              	Std. Error

              	95% Confidence Interval for Mean

              	Min

              	Max
            

          

          
            
              	Lower Bound

              	Upper

              Bound
            


            
              	Location 1
            


            
              	Straight

              	1212

              	13.48

              	5.777

              	.166

              	13.16

              	13.81

              	8

              	40
            


            
              	Path change

              	1607

              	14.58

              	6.080

              	.152

              	14.28

              	14.88

              	8

              	40
            


            
              	Total

              	2819

              	14.11

              	5.975

              	.113

              	13.89

              	14.33

              	8

              	40
            


            
              	Location 2
            


            
              	Straight

              	155

              	11.14

              	3.880

              	.312

              	10.53

              	11.76

              	8

              	35
            


            
              	Path change

              	2254

              	12.12

              	3.761

              	.079

              	11.97

              	12.28

              	8

              	40
            


            
              	Total

              	2409

              	12.06

              	3.776

              	.077

              	11.91

              	12.21

              	8

              	40
            


            
              	Location 3
            


            
              	Straight

              	1325

              	14.07

              	5.297

              	.146

              	13.78

              	14.35

              	8

              	40
            


            
              	Path change

              	2165

              	14.87

              	5.557

              	.119

              	14.64

              	15.10

              	8

              	40
            


            
              	Total

              	3490

              	14.57

              	5.473

              	.093

              	14.38

              	14.75

              	8

              	40
            

          
        


      


      
        

        6.1. Crossing Time and Crossing Pattern of Pedestrian


        A one-way ANOVA test was performed to compare the effect of path-changing and straight-moving pedestrians on crossing time separately for Locations 1,2, and 3. The result of the one-way ANOVA test carried out for Location 1 revealed that there was a significant difference in mean crossing time between the straight crossing and pedestrian crossing with path change (F(1, 2817) = [23.37], p = 0.00). Further, similar results were obtained from the data collected from locations 2 and 3, showing that there was a significant difference in mean crossing time between the crossing behaviour of pedestrians (F(1, 2407) = [9.859], p = 0.002) and (F(1, 3488) = [17.728], p = 0.00) respectively. Tables 3 and 4 show the results of ANOVA result and descriptive statistics based on different locations. It is observed that the mean crossing time for path-changing pedestrians is higher than for straight-moving pedestrians. Apart from the increased crossing time, the non-yielding nature of motor vehicles for pedestrian crossing with path change at locations other than marked crossings becomes more vulnerable to safety issues.

      


      
        

        6.2. Crossing time High/Low Based on a Pedestrian Crossing Pattern


        The results of the previous section show that the road crossing time is different for path-changing and straight-moving pedestrians. So instead of using the crossing speed, crossing time (HIGH/LOW) with reference to the base condition (crossing time for 1.2m/s) is used in the further analysis. The crossing time base condition is calculated with respect to the width of the road and the speed. If the road width is 14 m, then the base crossing time will be 11.6 seconds with respect to 1.2m/s, and if the observed value is above 11.6 seconds, then the crossing time is High. A chi-square test is conducted to identify the variation in pedestrians' crossing time (High/Low) with respect to behaviour. Further, the dataset is changed by replacing crossing speed with crossing time High/Low. The pedestrian behaviour (path change and straight) with respect to crossing time High/Low is compared by Chi-square test; the result shows a p-value <0.05, so there is a significant difference between crossing time (high/low) and their behaviour. When comparing gender and behaviour, there is no significant difference, but there is a significant difference among the different age groups and behaviour. The results of the stage crossing show that there is a significant difference between the behaviour (path change and straight) and different stages of crossing. Also, the result of driver-yielding behaviour shows a significant difference with respect to the behaviour of pedestrians. Further, the parametric analysis and binary logit model are developed by including crossing time High/Low as a variable instead of crossing speed.

      

    


    
      

      7. PARAMETRIC ANALYSIS


      The variables from Table 1 are used in descriptive analysis to compare the crossing behaviour with respect to different land use types.


      
        

        7.1. Effect of Land Use on Pedestrian behaviour


        The parametric analysis for location 1 shows that the percentage of pedestrians making path change is 57 and straight crossing is 43. Since the location is near the bus terminal, the pedestrian population in that area is regular or practised road users. Further, the zero-stage crossing behaviour is observed in a higher percentage. When comparing to all locations, the crossing time HIGH is observed to be lesser; this also may be due to the reason that the stage crossing behaviour is less observed. The classification from location 2 of mixed land-use type observes 93.5% of pedestrians make path-changing behaviour. Since location 2 is of mixed land use type, the people using the location of daily users are habituated to make path-changing behaviour. Though the path-changing behaviour is an unsafe pattern of road crossing, it is observed high at location 2, but the percentage is a little lesser at locations 1 and 3. Among all the sites, the percentage of children is very less, and also, in our case, the children are observed in associated with higher age groups. In context with the stage of crossing, nearly 80% of the pedestrian is observed to cross with zero stage crossing, i.e., do not involve in making stage crossing. But a smaller extent of 10% is observed in locations 1 and 2. This zero-stage crossing is a healthier crossing decision due to having fewer encounters with the driver's behaviour. In view of genders, the percentage of males is higher at all the locations. The detailed classification of variables based on different locations is shown in Fig. (3). Further, previous research on the pedestrian crosswalk level of service shows the behaviour of pedestrians changes with respect to different land use types [43]. Also, the study highlights the importance of land use in planning and designing a pedestrian facility. The classification identifies an unequal distribution of pedestrian population for different cases. It is due to the reasons that pedestrians have probabilistic behaviour during all their activities. But the behaviour can be predicted to a reasonable extent using the binary logit model described in the next section.


        [image: ]
Fig. (3)

        Classification of Pedestrian behaviour based on different variables.

        
          Table 5 Estimated Result of Binary Logit Model.


          
            
              
                	-

                	B [95% C.I. B]

                	S.E (B)

                	Wald

                	Odd Ratio
              

            

            
              
                	Gender (F)

                	-.315 [0.65,0.8]Ϯ

                	.057

                	30.87***

                	0.730
              


              
                	Age Group

                	-

                	-

                	99.40***

                	-
              


              
                	Age Group (A)

                	.27 [1.1,1.4]

                	.050

                	28.9***

                	1.31
              


              
                	Age Group (C)

                	.684 [1,3.6]

                	.308

                	4.92*

                	1.981
              


              
                	Age Group (O)

                	-.332 [0.63,0.8]

                	.060

                	30.16***

                	.718
              


              
                	Stage

                	-.914 [0.34,0.46]

                	.078

                	135.564***

                	0.401
              


              
                	Driver Yielding

                	-

                	-

                	5.773

                	-
              


              
                	Driver Yielding (Null)

                	-.201 [0.58,1.13]

                	0.167

                	1.44

                	0.818
              


              
                	Driver Yielding (Yes)

                	0.00 [0.69,1.44]

                	0.187

                	0.00

                	1.00
              


              
                	Crossing Behaviour (Path Change)

                	-.368 [0.63,0.76]

                	.048

                	58.115***

                	.692
              


              
                	Constant

                	.385

                	.0173

                	4.939*

                	1.47
              

            
          


          
            Note: Omnibus χ2 (8) = 425.6, p < .001, R2 = .048 (Cox & Snell), 0.064 (Negelkerke)

            *p<.05, **p< .01, ***p<.001, Ϯ - 95% C.I. for EXP(B)

            Reference category:

            Gender(M), Age Group(Y), Driver Yielding(No), Crossing Behaviour(Straight)
          


        

      

    


    
      

      8. BINARY LOGIT MODEL FOR PREDICTING THE CROSSING TIME (HIGH/LOW)


      The binary logistic regression model is used in our study to predict the crossing time (low) choices with respect to other variables. By considering the set of variables from Table 1, the choices are predicted using statistical analysis software, and the details of the model results are shown in Table 5. The logistic regression analysis result shows that there is a significant influence of age group and crossing behaviour on crossing time Low (χ2 (8) = 425.6, p < .001). The model explained with 6% variance in crossing time (Negelkerke R2) and was able to identify 58.2% of cases accurately.


      The sensitivity of the model was 50.9%, and the specificity of the model was 64.4%. The reference categories for each categorical variable are male for gender, young for age group, driver yielding (No) for driver behaviour, and straight crossing pattern are reference variables for crossing behaviour. The results show that for every unit decrease in stage number, the odds for getting crossing time is low, i.e., 0.401 times respectively. As further compared to young pedestrians, the odds of having crossing time low for adult and child age groups is 1.31 times and 1.981 times, respectively. With reference to young pedestrians, the odds of having a (low) crossing time for the senior pedestrian is 0.718 times lesser. With reference to male pedestrian female pedestrians, the odds of making crossing time (low) is 0.73 times lesser. With reference to straight crossing behaviour for path change behaviour, the odds of making crossing time low is 0.692 times lesser.

    


    
      

      9. DISCUSSION


      Road crossing activity by pedestrians is one of the important and inevitable road activities involved with higher safety risks for pedestrians. The level of risk associated with road crossing depends upon the extent of using the marked crossing facility and the crossing pattern followed by the pedestrian. The pedestrian performing path change behaviour during road crossing is undisciplined activity. Also, when they try to cross in such an irregular pattern, the road exposure time increases with an increase in the vehicle-pedestrian conflict leading to safety reduction. The pedestrian crossing speed is replaced with crossing time High/Low for evaluating the effect of path-changing behaviour. The present study confirms that other variables positively influence the crossing time “High”. Whenever crossing time “High” is noticed, it indicates that the road exposure of pedestrians is high during crossing activity. So, pedestrian road crossing time High/Low can be used as a reference to study the road exposure risk of the pedestrian. This increase in road exposure increases the probability of pedestrian-vehicle conflict.


      
        

        9.1. Effect of Gender on Crossing Time


        The analysis of mean crossing time at study location 1 shows that female pedestrians require 5.2% higher crossing time than the male group. Similarly, the mean crossing time of female pedestrians was observed to be 1.89% and 2.14% higher than the same for male pedestrians at locations 2 and 3, respectively. With reference to male pedestrians, every unit increase in female pedestrians will result in road crossing time (High). The study identifies that with an increase in female pedestrians, the chance of having crossing time (Low) decreases. When comparing males and females, it is observed that the female gender is exposed for a longer time at a crosswalk. Also, an earlier study shows that the crossing speed of females is lesser than males [45].

      


      
        

        9.2. Effect of Age on Crossing Time


        The results of the analysis of the age of pedestrian crossing at location 1 show that the mean crossing time of senior pedestrians is 12.13% higher than young, 29.84% higher than children, and 19.38% higher than adult groups. The same has been observed as 13.76%, 23.21% and 19.81% higher while comparing with young, children and adult groups at location 2 and 5.54%, 21.68% and 2.97% higher at location 3 for young, children and adult pedestrians, respectively. From the result with reference to young pedestrians, the increase in senior pedestrians results in higher road crossing time. In case of an increase in adult and child pedestrians, the crossing time is lesser when compared with a young pedestrian. When there is an increase in senior pedestrians, the chance of having crossing time (Low) decreases, which leads to greater road exposure than other age groups. The earlier study by [31] confirms the senior pedestrian crossroad at a lesser speed. Further, there is an unequal distribution of the population of different age groups due to the location of land-use type. Moreover, the percentage of children is very low, and they perform crossing activities in association with elders.

      


      
        

        9.3. Effect of Stage behaviour on Crossing Time


        The stage crossing behaviour is observed when the road has more lanes. In our study, increasing stage number results decrease the chance of crossing time (Low). Our present study shows the increase in the stage is observed with an increase in road crossing time. This can be interpreted as road exposure increases with an increase in stage number. But in our case, the maximum road width is 14m; hence, stages number greater than two are observed in a very low proportion. Further, earlier studies on stage crossing show stage crossing is an important parameter in analysing the crossing behaviour [46].

      


      
        

        9.4. Effect of Driver yielding on Crossing Time


        The yielding behaviour of drivers has a greater impact on pedestrian-safe road crossing. Based on our analysis, the vehicle absence circumstance shows a road crossing time (High) for pedestrians. This high road crossing time is due to the reduced crossing speed adopted by the pedestrian in the absence of a motor vehicle. But the result of earlier works shows that an increase in pedestrian platoon size increases driver-yielding behaviour during road crossing [47].

      


      
        

        9.5. Effect of Crossing pattern on Crossing Time


        The crossing pattern is a variable represented as straight and path-changing behaviour, whereas path change represents an irregular pattern of road-crossing behaviour. An increase in path change behaviour results in road crossing time (High) for pedestrians. It shows that crossing time is higher when the pedestrian makes a path-changing pattern of the road crossing. The earlier study [46] shows the safety margin is very lower when they make an oblique pattern of road crossing than straight road crossing. The oblique pattern of road crossing is also a type of path-changing behaviour observed at the crosswalk.

      


      
        

        9.6. Safety Recommendations


        The path change is observed to be an unsafe method of road crossing, but it is mandatory to improve road user's safety by implementing suitable policies. As per the regulation given by the central motor vehicle act [ 48 ], motorists should give way to the person crossing the road when it is not regulated by a traffic light or traffic police at a zebra marking. The driver should show courtesy and consideration for the safety and convenience of users by anticipating their behaviour. The law describes that the driver should yield at the zebra marking area. But in our study, an increase in path change behaviour results in increased road crossing time for pedestrians. This is due to the irregular pattern followed by pedestrians during the road-crossing activity. Enforcing new policies could increase the safety of pedestrians crossing the road and other road users. Also, recent statistics show 6% of road accidents in urban areas occur at pedestrian crossings [2]. According to statistics, a pedestrian was killed every 81 minutes in traffic crashes in 2020 [3]. Further, the previous study observed the path change is greater at the location without zebra marking [10]. To overcome this undisciplined crossing behaviour and increase road user safety, providing guard rails at the median and footpath other than zebra marking locations can be an effective solution for the issue, even though it involves considerable expenditure. Also, the location where guard rails cannot be provided is recommended to provide easily identifiable footpath marking indicating the locations of zebra marking facilities. The footpath marking could guide the pedestrian to nearby zebra marking, which psychologically drives the pedestrian to use the zebra marking location.

      

    


    
      

      CONCLUSION


      The study identifies the variable influencing the crossing time High/Low for pedestrians at midblock crosswalks. Also, when comparing the average pedestrian crossing time, it is observed that female pedestrian crossing time is 3.53% higher than male at all study locations. When comparing all age groups, senior pedestrian crossing time is higher than 6.25%, 10.42% and 5.48% than adults, children and young age groups, respectively, at all study locations. Further, the logit model result shows an increase in stage number increases the road crossing time of pedestrians. The study identifies that the road crossing time of path-changing pedestrians is more than straight-moving pedestrians. This increase in road crossing time decreases the safety of pedestrians by increasing the exposure rate while crossing the road. Therefore, the probability of safety risk is high when they practice irregular crossing patterns of the road crossing. The model prediction accuracy is 58.2%, and Negelkerke R2 in the model explains a 6% variance in crossing time Low and High. Recent research results show the severity of conflict increases with a decrease in pedestrian crossing speed [49].


      In summary, this study analysed the effect of path-changing crossing behaviour by pedestrians at a midblock crosswalk. It is recommended to consider crossing time High or LOW as a variable instead of crossing speed in locations observed with path-changing behaviour. Further, the research can be extended by studying the influence of vehicle characteristics and environmental conditions like crossing during night and rainy conditions. Also, there is a need to evaluate the performance of the facility after implementing the guard rails and footpath marking. The functional effectiveness of the recommendations of the present study can be assessed by conducting the performance evaluation of locations provided with those facilities. The limitation of the study is the age of the pedestrian identified by visual observation from the video data.

    

  


  
    
      AUTHOR CONTRIBUTIONS


      Conceptualisation, Prakash. S.; methodology, Prakash. S.; formal analysis, Prakash. S.; writing—review and editing, Prakash. S., K.Karuppanagounder.; visualisation, Prakash. S., K.Karuppanagounder.; supervision, K.Karuppanagounder.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      Not applicable.

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The authors sincerely thank the support from the Centre for Transportation Research, Department of Civil Engineering, National Institute of Technology Calicut, a Centre of Excellence setup under FAST Scheme of MHRD, Govt. of India.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Zhang C., Zhou B., Qiu T.Z., Liu S.. Pedestrian crossing behaviors at uncontrolled multi-lane mid-block crosswalks in developing world., J. Safety Res.. 2018; 64: 145-154.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Accidental Deaths and Suicides in India 2019.. 2019Available from: https://ncrb.gov.in/sites/default/files/ADSI_2019_FULL%20REPORT_updated.pdf
      


      
        	[3]

        	Pedestrian Safety. Available from: https://www.nhtsa.gov/road-safety/ pedestrian-safety (Accessed August 03, 2022).
      


      
        	[4]

        	Zajac S.S., Ivan J.N.. Factors influencing injury severity of motor vehicle–crossing pedestrian crashes in rural Connecticut., Accid. Anal. Prev.. 2003; 35(3): 369-379.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Mako E., Szakonyi P.. Evaluation of human behaviour at pedestrian crossings., Transp. Res. Procedia. 2016; 14: 2121-2128.

        [CrossRef]
      


      
        	[6]

        	Aziz H.M.A., Ukkusuri S.V., Hasan S.. Exploring the determinants of pedestrian–vehicle crash severity in New York City., Accid. Anal. Prev.. 2013; 50: 1298-1309.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Chu X.. Pedestrian safety at midblock locations... University of South Florida; 2006Available from: https://trid.trb.org/view/790891
      


      
        	[8]

        	Cherry C., Donlon B., Yan X., Moore S.E., Xiong J.. Illegal midblock pedestrian crossing in china: Gap acceptance, conflict and crossing path analysis., Int. J. Inj. Contr. Saf. Promot.. 2012; 19(4): 320-330.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Kadali B.R., Vedagiri P.. Evaluation of pedestrian crossing speed change patterns at unprotected mid block crosswalks in India., J. Traffic Transp. Eng.. 2018; 7(6): 832-842.

        [CrossRef]
      


      
        	[10]

        	Prakash S., Karuppanagounder K.. Modelling the effect of variables influencing the usage of zebra marking by pedestrians at urban midblock., Proceedings of the Sixth International Conference of Transportation Research Group of India. 2023: 335-344.

        [CrossRef]
      


      
        	[11]

        	Website of Office of the Registrar General and Census Commissioner. Available from: http://www.censusindia.gov.in/
      


      
        	[12]

        	Zhuang X., Zhang T., Chen W., Jiang R., Ma G.. Pedestrian estimation of their crossing time on multi-lane roads., Accid. Anal. Prev.. 2020; 143: 105581.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Agarwal S., Vikram D.. Impact of vehicular traffic stream on pedestrian crossing behavior at an uncontrolled mid-block section., Transp. Res. Interdiscip. Perspect.. 2021; 9: 100298.

        [CrossRef]
      


      
        	[14]

        	Mohan D., Tsimhoni O., Sivak M.. Road Safety in India: Challenges and Opportunities., 2009Available from: http://environmentportal.in/files/UMTRI-2009-1.pdf
      


      
        	[15]

        	Working Group on Urban Transport. 2012Available from: http://www.aitd.net.in/NTDPC/Working%20Group%20Reports/Railways/Report%20of%20Working%20Group%20on%20Urban%20Transport_Submitted%20to%20the%20Govt%20on%20July%204th,%202012.pedestrian-safety
      


      
        	[16]

        	Kwon J., Kim J., Kim S., et al. Pedestrians safety perception and crossing behaviors in narrow urban streets: An experimental study using immersive virtual reality technology., Accid Anal Prev. 2022; 174: 106757.

        [CrossRef]
      


      
        	[17]

        	Tian K., Markkula G., Wei C., et al. Explaining unsafe pedestrian road crossing behaviours using a Psychophysics-based gap acceptance model., Saf. Sci.. 2022; 154(6): 105837.

        [CrossRef]
      


      
        	[18]

        	Ahmed T., Moeinaddini M., Almoshaogeh M., Jamal A., Nawaz I., Alharbi F.. A new pedestrian crossing level of service (PCLOS) method for promoting safe pedestrian crossing in Urban Areas., Int. J. Environ. Res. Public Health. 2021; 18(16): 8813.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Sun D., Ukkusuri S.V.S.K., Benekohal R.F., et al. Modeling of pedestrian gap acceptance for improving safety at uncontrolled mid-block crosswalks., Adv. Transp. Stud.. 2005; 6: 57-71.

      


      
        	[20]

        	Yannis G., Papadimitriou E., Theofilatos A.. Pedestrian gap acceptance for mid-block street crossing., Transp. Plann. Technol.. 2013; 36(5): 450-462.

        [CrossRef]
      


      
        	[21]

        	Knoblauch R.L., Pietrucha M.T., Nitzburg M.. Field studies of pedestrain walking speed and start-up time., Transp. Res. Rec.. 1996; 1538(1): 27-38.

        [CrossRef]
      


      
        	[22]

        	Montufar J., Arango J., Porter M., Nakagawa S.. Pedestrians’ normal walking speed and speed when crossing a street., Transp. Res. Rec.. 2007; 2002(1): 90-97.

        [CrossRef]
      


      
        	[23]

        	HCM. Highway Capacity Manual... Washington, D.C.: Transportation Research Board; 2010
      


      
        	[24]

        	Guidelines for Pedestrian Facilities IRC:103-2012. Indian Roads Congres: New Delhi: 2012
      


      
        	[25]

        	Dewar R.E.. Traffic Engineering Handbook.. (4th ed). Englewood Cliffs: Prentice Hall; 1992
      


      
        	[26]

        	FHWA. Manual on Uniform Traffic Control Devices for Streets and Highways. U.S. Department of Transportation, Federal Highway Administration... Washington, DC: FHWA; 2003
      


      
        	[27]

        	Rahmi A.. An Investigation of Pedestrian Movement Characteristics at Mid-block Signalized Crossings.. Melbourne: Akc¸elik & Associates Pty Ltd; 2001
      


      
        	[28]

        	Hallenbeck E.M., Davis D.K.. Evaluation of Engineering Treatments and Pedestrian and Motorist Behavior on Major Arterials in Washington State... 2008Available from: https://www.wsdot.wa.gov/research/reports/fullreports/707.1.pdf
      


      
        	[29]

        	Mustafa M., Baser N., Ashaari Y.. Evaluating pedestrian crossing speed distribution: A case study of Shah Alam., 5th Brunei International Conference on Engineering and Technology (BICET 2014).. 2014[CrossRef]
      


      
        	[30]

        	Arango J., Montufar J.. Walking speed of older pedestrians who use canes or walkers for mobility., Transp. Res. Rec.. 2008; 2073(1): 79-85.

        [CrossRef]
      


      
        	[31]

        	Bowman L.B., Vecellio L.R.. Pedestrian walking speeds and conflicts at urban median locations., Transp. Res. Rec.. 1994: 67-73.

        Available from: http://onlinepubs.trb.org/Onlinepubs/trr/1994/1438/1438-009.pdf
      


      
        	[32]

        	Coffin A., Morrall J.. Walking speeds of elderly pedestrians at crosswalks., Transp. Res. Rec.. 1995: 63-67.

        Available from: http://onlinepubs.trb.org/Onlinepubs/trr/1995/1487/1487-010.pdf
      


      
        	[33]

        	Fitzpatrick K., Brewer M.A., Turner S.. Another look at pedestrian walking speed., Transp. Res. Rec.. 2006; 1982: 21-29.

        [CrossRef]
      


      
        	[34]

        	Holland C., Hill R.. The effect of age, gender and driver status on pedestrians’ intentions to cross the road in risky situations., Accid. Anal. Prev.. 2007; 39(2): 224-237.

        [CrossRef] [PubMed]
      


      
        	[35]

        	Koushki P.A.. Walking characteristics in central Riydah, Saudi Arabia., J. Transp. Eng.. 1988; 114(6): 735-744.

        [CrossRef]
      


      
        	[36]

        	Li P., Bian Y., Rong J., Zhao L., Shu S.. Pedestrian crossing behavior at unsignalized mid-block crosswalks around the primary school., Procedia Soc. Behav. Sci.. 2013; 96: 442-450.

        [CrossRef]
      


      
        	[37]

        	Rastogi R., Chandra S., Vamsheedhar J., Das V.R.. Parametric study of pedestrian speeds at midblock crossings., J. Urban Plann. Dev.. 2011; 137(4): 381-389.

        [CrossRef]
      


      
        	[38]

        	Hussein M., Sayed T.. Microscopic pedestrian interaction behavior analysis using gait parameters., Transp. Res. Rec.. 2016: 28-38.

        10.3141/2519-04
      


      
        	[39]

        	About Kozhikode district. Available from: https://kozhikode.nic.in/about-district/ (Accessed on: February 13, 2023).
      


      
        	[40]

        	Kerala State Planning Board Kozhikode district.. Available from: https://spb.kerala.gov.in/en/kozhikode/ (Accessed on: February 13, 2023).
      


      
        	[41]

        	Road Transport Year Book-MORTH. Available from: https://morth.nic.in/sites/default/files/RTYB-2017-18-2018-19.pdf (Accessed on: February 13, 2023).
      


      
        	[42]

        	Kadali B.R., Vedagiri P.. Effect of vehicular lanes on pedestrian gap acceptance behaviour., Procedia Soc. Behav. Sci.. 2013; 104: 678-687.

        [CrossRef]
      


      
        	[43]

        	Kadali B.R., Vedagiri P.. Evaluation of pedestrian crosswalk level of service (LOS) in perspective of type of land-use., Transp. Res. Part A Policy Pract.. 2015; 73: 113-124.

        [CrossRef]
      


      
        	[44]

        	Pituch K.A., Stevens J.P.. Applied Multivariate Statistics for the Social Sciences: Analyses with SAS and IBM's SPSS. (6th ed.). 2015[CrossRef]
      


      
        	[45]

        	Tarawneh M.S.. Evaluation of pedestrian speed in Jordan with investigation of some contributing factors., J. Safety Res.. 2001; 32(2): 229-236.

        [CrossRef]
      


      
        	[46]

        	Avinash C., Shriniwas A., Gaurang J., Manoranjan P.. Exploring stage-wise pedestrian-crossing behavioral patterns at vulnerable urban midblocks: A perspective under heterogeneous traffic conditions., J. Transp. Saf. Secur.. 2019; 12(7)[CrossRef]
      


      
        	[47]

        	Kadali B.R., Vedagiri P.. Proactive pedestrian safety evaluation at unprotected mid-block crosswalk locations under mixed traffic conditions., Saf. Sci.. 2016; 89: 94-105.

        [CrossRef]
      


      
        	[48]

        	The Central Motor Vehicles Rules. 1989Available from: https://morth.nic.in/central-motor-vehicles-rules-1989-1
      


      
        	[49]

        	Chaudhari A., Gore N., Arkatkar S., Joshi G., Pulugurtha S.. Exploring pedestrian surrogate safety measures by road geometry at midblock crosswalks: A perspective under mixed traffic conditions., IATSS Res.. 2021; 45(1): 87-101.

        [CrossRef]
      

    

  


  

OEBPS/Images/e187444782303140_F1.jpg
Rond
Crosing

Pedestrin
crossingtine il
s vy for
et oad
crosingputcs

WGH/LOW

Repeing
ensingspeed
vithersing
ime high low

el o

el

Binary Logit

Biry Logi
motelsed 0
Pt rible
nflsreing
crssngiime

ighLom)

2D NI XD XD X XD

Pretiminary
Anayss

Crossngspecd
ofpedstin
conpared it
differen ol

g
s and
pelchnging)

>

Ststeal Tst

Ansing
crossisgline
HighLow or
Pl conge d
s rond

crossngpern

i
sigifcat
e

Conctasion

Dicusingand
formprovingtie
ol iy





OEBPS/Images/e187444782303140_F2.jpg





OEBPS/Images/cover.jpg
ISSN: 1874-6209

The Open
Transportation
Journal s—

Parametric Study on the Influence of
Pedestrians' Road Crossing Pattern on

~ BENTHAM OPEN





OEBPS/Images/e187444782303140_F3.jpg
100

%0

0

70

50

50

a0

30

20

10

[
s z g R ¥ :
5 3 s E 3 g 3
5§ & ] = 3

Gender Age Group Stageof Crossing  Crossing Time.

%o
g3
£z

Wlocation1 Mlocation2 M Location3





OEBPS/Images/e187444782303140_eq1.jpg
Probability of an event occuring
robabilicy of an event not occurring

Odd ratio





