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SUMMARY 
Uncontrolled midblock crossing locations are very serious threat to pedestrians’ as 
these locations has severe conflict points between pedestrians and vehicles. 
Pedestrian interaction with motor vehicles is found to be one of the major constraints 
to pedestrians’ while crossing the road. The main focus of this study is to investigate 
pedestrians’ gap acceptance behaviour (PGAB) at the uncontrolled midblock location 
in urban arterial roads. In precise, two aspects of pedestrian road crossing  
behaviour at uncontrolled midblock are examined, namely the size of vehicular gaps 
accepted by pedestrians’ by multiple linear regression (MLR) technique and the 
decision making process of pedestrians’ i.e., accepted or rejected vehicular gaps by 
binary probit model  with related pedestrian as well as vehicular characteristics. For 
this purpose a suitable uncontrolled midblock crossing location was selected in 
Hyderabad. Video graphic survey was conducted to collect pedestrians’, vehicular 
and flow characteristics. The collected data includes, pedestrians’ behaviour like 
pedestrian speed, direction changes while crossing the road, pedestrian using rolling 
gap or not and some other additional factors like pedestrian characteristics (gender, 
age etc.), the size of vehicular gaps rejected or accepted by pedestrians, the related 
waiting times, pedestrian platoon size, gap type, frequency of crossing attempts, 
vehicle type, vehicle's speed. The study result shows that minimum gap acceptance 
value is better explained by the variables rolling gap, pedestrian speed and direction 
condition during crossing, frequency of attempting gap, vehicle speed. Pedestrians’ 
decision making process by binary probit model is better explained by the speed 
change condition and rolling gap. The pedestrian behavioural characteristics like 
rolling gap and speed change condition have main roles in minimum gap as well as 
decision making process. 
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1. INTRODUCTION 

 
Walking is an alternative transport mode for short trips and more sustainable to 
human society. In general, the decision to walk or not takes into account the distance 
of the trip, day and the time of the trip, the perceived safety of the route and the 
comfort, convenience and connectivity of walking facilities versus an alternative 
mode. Walking plays an important role in connecting public transportation system. 
Most roads pose as hurdles to pedestrian movement with vehicles using up the 
whole of the right of way. Pedestrian interaction with motor vehicles is one of the 



major constraints to the pedestrian road crossing. Jaywalking carries a risk of 
accident as vehicular flow increases, with possible injury or loss of life.  These 
accidents mainly related to gap acceptance behaviour.  
 
However, to reduce the pedestrian accidents, it is important to study PGAB by 
pedestrian behavioural characteristics. These include   increasing their speed while 
crossing the road, change in direction, forcefully accepting small vehicular gaps as 
“rolling gap” and unexpected road crossing while walking.  The pedestrians’ decision 
making process involves a verdict about whether it is likely to finish crossing the road 
before an oncoming vehicle arrives [Hoffman et   al., 1980;  Oxley et al., 1997, 2005; 
Plumert et al., 2004; Simpson et al., 2003]. The decision making process is a skill 
vital to carefully complete the crossing in a variety of states. Accurate gap 
assessment involves the ability to promptly take into account the distance and the 
speed of oncoming vehicles as both pieces of information are required to precisely 
decide when the vehicle will arrive.  However, a number of studies have  indicated 
that pedestrian, regardless of   their physical characteristics, may trust exclusively on 
the distance of oncoming vehicle when making gap assessments; i.e., they  accept 
or reject gaps based on how far the oncoming vehicle is abandoning the speed of 
the vehicle. This has been confirmed with adult drivers [Hansson et al., 1999],   and 
with child and   adult pedestrians [Connelly et al., 1998;   Oxley et al., 2005;   
Simpson et al., 2003]. Many researchers also opine that it is probable for road users 
to trust greatly on distance when making judgments [Caird and Hancock, 1994; 
Demetre et al., 1992]. 
 
Generally, pedestrians’ gap-acceptance judgment merely on the basis of distance 
will fail when a subsequent vehicle comes unusually fast. Such situations are the 
once that mainly lead to hazardous conditions to the pedestrians’. There is evidence 
that suggests that road users could learn to use both speed   and distance when 
making decisions. [te Velde et al., 2005] found that in a streamlined traffic condition, 
pedestrians’ can take speed into account at a more suitable level while making 
decisions for gap acceptance.   These PGAB studies also show a major role in 
pedestrian and driver behavioural aspects [Himanen and Kulmala 1998, Brewer et al. 
2006]. These studies are carried by discrete choice analysis, probability distribution 
and by means of linear regression model [Yannis and Papadimitriou 2010; Das et al., 
2005]. It also reveals the importance of waiting time and number of crossing 
attempts on pedestrian road crossing to understand the behaviour of pedestrian at 
uncontrolled midblock locations [Zegeer et al., 2001; Hamed, 2001].  However, most 
of these studies were carried out in developed countries, where the transport 
infrastructure caters to enhanced levels of service of pedestrians’, resulting in an 
amenable behaviour of pedestrians’ an urge obey rules. The outcomes of these 
studies cannot be employed in the scenario of developing countries like India. Most 
of these gap acceptance studies are carried out with pedestrian, vehicular and road 
environmental characteristics only, but the important contribution of a factor like the 
pedestrian behavioural characteristics is not addressed. The aim of this research is 
to investigate PGAB for uncontrolled midblock street crossing in account of 
pedestrians’ behavioural characteristics by binary probit model. 
  
 
2. METHODOLOGY 
 



The goal of this study was to characterize the behavioural aspects of the pedestrian 
gap selection process. To address this problem, a field survey was carried on 21st 
December 2011 on a uncontrolled midblock at Ameerpet in Hyderabad. A significant 
volume of pedestrians’ and vehicular flow was taken into account. In this survey, 
PGAB in real traffic condition were videotaped. Figure 1 shows the survey location 
and pedestrian crossing condition. The video was captured and thirty JPEG files 
were obtained from the second by the Snapshot Wizard software. From each 
snapshot, data were collected which include the pedestrian behavioural aspects 
such as the effect of rolling gap (roll over different vehicular gaps to accept the gap), 
change in speed while crossing the road and change of direction. In addition to the 
above factors, the size of gaps rejected or accepted by pedestrians, waiting time, 
frequency of gap attempts, each vehicle’s speed, type of vehicle, near or far gaps 
and pedestrians’ characteristics (gender, age) were also collected. More precisely, 
pedestrians who essentially crossed the street, either instantly or after several 
attempts with an account of the rolling gap were captured. Pedestrians who are 
crossing the road at jam conditions were not included. Specific attention was taken 
to assure that data were collected only during free flow traffic, so that pedestrians’ 
are exposed by more interaction with vehicular movement.  The continuous and 
discontinuous variables collected and their descriptive coding values are 
summarized in Table 1 and Table 2 respectively, whereas the discrete variables 
have been mostly coded as the binary values.   
 

 
Fig. 1. Survey location and pedestrian crossing condition. 

 
Table 1 Continuous Variables 

Variable Minimum Maximum Mean Standard Deviation 

Waiting time in  Sec 0.69 159.9 32.84 32.34 

Vehicle speed in kmph 6.42 37.07 20.64 6.26 

Gap size in sec 1.03 8.3 3.882 1.436 

 

2.1 Regression Method 
A MLR stepwise analysis was conducted to study the effect of various selected 
variables on pedestrian minimum gap value by SPSS 16 tool. Out of thirteen 
proposed variables only six variables were found to be significant and thus were 
included in the final model. For the MLR modelling purpose only accepted gap data 
were considered. This came to 211 accepted vehicular gaps out of 4198 data points. 



The dependent variable was considered as a log-gap, as the vehicular gap size 
conformed to normal distribution by using log gap and independent variables are 
same as listed above. 

 
Table 2 Discrete Variables 

Variables Value ‘0’ Value ‘1’ Value ‘2’ 

Gender Woman Man - 

Age Elders Middle Young 

Group Size Single Two More than two 

Gap type Far Near - 

Frequently Attempted No Yes - 

Pedestrian speed changes No Yes - 

Crossing direction changes No Yes - 

Rolling gap No Yes - 

Baggage effect No Yes - 

Type of vehicle Heavy=4, Car=3, Auto Rickshaw=2, Two wheeler=1 

 

2.2 Normal Probit Method 
Let yij be the binary outcome (say 0; gap reject or 1; gap accept) of the jth 
observation of the ith individual (1 ≤ i ≤ N: 1 ≤ j ≤ ni). To analyses this particular type 
of data, a binary probit model was considered. At the first stage, the binary outcomes 
yij are assumed conditionally independent with Bernoulli distributions and probability 
πij, and linear in the parameters after a probit transformation, i.e.  
 
yij|bi ~ Ber(πij)           (1) 
 
Ø-1(πij) = ƞij = X’ij β + Z’ij bi         (2) 

 
Where Ø-1 is the inverse of the standard normal cumulative distribution function, X’ij 
and Z’ij, are (1 x p) and (1 x q) design row vectors pertaining to fixed (β) and random 
(bi) effects, respectively. At the second stage, the random effects (bi) are assumed to 
be independent and normally distributed with mean 0 and unknown covariance 
matrix Γ {gkl} for k, l= 1,…. d i.e. bi ~ N(0, Γ) (Meza et al. 2009). For the model 4198 
gaps were collected, it includes accepting and rejected gaps, out of these data 211 
samples were accepted gaps. The main focus of the binary probit model is to find out 
the individual decision making process, NLOGIT 4 software was used. To be more 
precise, it is important to know which pedestrian behaviour affects the PGAB 
process. 
 
 
3. ANALYSIS AND RESULTS 

 
3.1 Regression Analysis 



An MLR model was developed for the minimum pedestrians’ gap acceptance value. 
It is noted that lognormal regression assumes a normal distribution of the dependent 
variable. The final model is given in the equation 3. Table 3 shows the MLR analysis 
results, regression coefficients, t-value and p-value. 
 
Log Gap= 0.800 – 0.379 * R.gap + 0.341 * DC– 0.253 * SC+ 0.021 * VS + 0.087 * 
TV – 0.06 * fatm          (3) 
 
Where: R.gap- Rolling gap; DC-pedestrian direction during road crossing; SC-
pedestrian speed condition during road crossing; VS- vehicle speed; TV- type of 
vehicle; fatm - frequency of attempting gap;  
 
The goodness of fit measure R2 is equal to 0.564 for MLR and all the above 
variables were statistically significant at 95%. A residuals follow the normal 
distribution. Their mean value was almost zero and they had equal variances 
(homoscedasticity tests). It was also confirmed that the recorded log-gaps are 
normally distributed as well. The independent variables (discrete) were linearly 
independent of each other (multicolinearity test). A statistical t-test was conducted to 
test the significance of the coefficient. For the coefficient, the estimate was 
statistically significant from zero at 95% confidence interval.  
 

Table 3 Minimum gap MLR results 

Variables Coefficient Standard error t-value p-value 

(Constant) 0.800 0.161 4.964 0.000 

Rgap -0.379 0.048 -7.876 0.000 

DC 0.341 0.121 2.805 0.006 

SC -0.253 0.058 -4.338 0.000 

TV 0.087 0.027 3.191 0.02 

fatm -0.06 0.002 -2.516 0.013 

VS 0.021 0.004 5.121 0.000 

 
The rolling gap has the greatest effect on pedestrian log-gap acceptance. This 
appeared to be intuitive and it is shown in the MLR model that those pedestrians 
who crossed the road with an account of the rolling gap had accepted smaller gaps 
than those who did not choose rolling gaps. The crossing direction has the second 
largest effect with a positive effect on log-gap acceptance. If the pedestrians’ are 
changing their directions with vehicular movements, then the required accepted gap 
size will be higher. Pedestrian speed change condition while crossing the road 
follows the third higher variable with negative impact. It appears that pedestrians 
accept very small gaps when increasing their speed during crossing the road. Type 
of vehicle is another important factor and they generally accept larger gaps with 
heavy vehicles. Pedestrian frequently attempting gap have a negative effect on log-
gap acceptance. It indicates that when they frequently attempt small gaps they 
accept small gaps with fewer risks. The parameter that has the lowest effect on log-
gap acceptance is the vehicular speed, as pedestrians’ seem to accept relatively 
larger gaps even when the speed of a vehicle is higher. 
 
3.2 Effect of Rolling Gap on Gender and Age 



The rolling gap has the greatest effect on pedestrian log-gap acceptance. It is 
observed that pedestrians have less patience to wait for longer gaps and they use 
rolling gap to continuously attempts available gaps and roll over small vehicular gaps.  
The mean accepted gap was found as 3.882 Sec and the mean rejected gap was 
identified as 1.769 Sec. The minimum accepted gap value is less than the mean 
accepted gap size (3.882 Sec) while they use rolling gap; otherwise the minimum 
accepted gap value is more than or equal to mean accepted value (3.882 Sec). 
Figure 2 and 3 show the effect of rolling gap on gender and age, it clearly indicates 
that when a pedestrians’ uses a rolling gap, the  accepted gap sizes are small 
compared to when a pedestrian does not use it.  From Figure 3, it also seems the 
elderly people have higher gap values even though they use rolling gaps. It also 
presents, that all the age groups have higher accepted gap values when they fail to 
use rolling gap compared to with rolling gap. 
 

 
Fig. 2. Rolling gap effect on gender     Fig. 3. Rolling gap effect on age group      

 
3.3 Pobit Model for Decision Making Process 
A binary probit model model was developed for the pedestrians’ decision making 
process on account of pedestrian behavioural characteristics. A multivariable binary 
probit model analysis was performed in NLOGIT, which estimates the coefficients of 
the linear utility function using the maximum likelihood method. Table 4 shows the 
result of coefficient estimation. The estimated binary probit model presented as utility 
equation from the calibrated data is shown in the equation (4). Among the thirteen 
variables only five variables were identified significant by wald value (t-value) and to 
be included in the model.  
 

Table 4 Estimated Coefficients 

Parameter β 
Standard 

Error 
Wald-
Value 

Significance 

GAPS 1.5664 0.1010 15.503 0.000 

TV -0.5947 0.0944 -6.297 0.000 

SC 1.1581 0.2094 5.529 0.000 

RGAP 1.439 0.1716 8.385 0.000 

SV -0.0994 0.0149 -6.649 0.000 

Constant -3.009 .3935 -7.648 0.000 



U1 = -3.009 + 1.5664 * GAPS – 0.5947 * TV + 1.1581 * SC + 1.439 * RGAP - 0.0994 

* SV                        (4) 

Where: GAPS indicated=vehicular gap size in seconds, TV= is the type of vehicle, 
SC= the pedestrian speed condition while crossing the road, RGAP= the Rolling gap 
condition and SV= the speed of the vehicle in kmph 
 
The pedestrian’s physical characteristics (age and gender) are found as insignificant 
in binary probit model, because it has been found that when the pedestrians’ are 
using rolling gaps their probability of gap acceptance increases. The signs of 
coefficients in Table 4 show that all included variables are logically significant. The 
gap size shows positive sign which is indicated that increasing of gap size leads to 
the increasing of probability of acceptance. The second highest factor is the rolling 
gap, when the pedestrians’ are using it then the probabilities of accepting gap 
increases. The pedestrian speed condition also has a higher contribution in the 
probability of gap acceptance, in a sense that if they increase their speeds while 
crossing then they accept small gaps. The type of vehicle had a negative effect on 
the probability of accepting gap, if the vehicle type is heavy (Bus and Trucks) it 
appears reducing the probability of acceptance. The increasing vehicular speed 
decreases the probability of acceptance. The validation of the present model was 
done with success and prediction table as shown in Table 5. For modelling total 
4198 data points were considered and the same was used for validation by success 
and prediction table. The overall correctly predicted data come to be 98.16% in the 
modelling process. Correctly predicted rejected values are 3955 out of 3987 and 
predicted accepted gaps are 166 out of 211 gaps. So it may be concluded that the 
proposed model is strong enough to predict the PGAB at uncontrolled midblock 
location by probit modelling. 
 

Table 5 Success and prediction table  

Actual 
Values 

Predicted values  Total Actual 

0 1  

0 3955 32 3987 (95 %) 

1 45 166 211 (5 %) 

 4000(95.3 %) 198 (4.7 %) 4198 

 Overall Prediction is 98.16 % 

 
3.4 Effect of Rolling Gap on PGAB  
Some of the previous studies explained the accepted gap value by their gender and 
age group. This study found that irrespective of their gender, age and pedestrian 
platoon they tend to be accepting gaps because of the rolling gap effect. But it 
obviously shows that, as the gap size increases the probability of the acceptance 
increases. Probability of gap acceptance with and without rolling gap is shown in 
Figure 4. It states that even if the available gap is larger than the mean gap a few 
pedestrian tend to reject it with or without rolling. In this case it is very hard to predict 
the actual behaviour of pedestrians’. In Figure 4 (a) pedestrian gap acceptance is 
considered with rolling gap and it illustrates that irrespective of available the gap size 
they tend to accept small gaps also. Figure 4 (b) also indicates that, without using 
rolling gap the minimum accepted gap required is more than 3.89 Sec. In fact, from 
the real scenario during field survey it was observed that many pedestrians cross the 
road regardless of the gap size, gap type (far or near), baggage effect. It results that 



they accept the minimum gaps, classifying such pedestrians as potentially 
dangerous.  
 

 
 
Fig. 4 (a). Pedestrian decision making 
process with rolling gap.                                      

Fig. 4 (b). Pedestrian decision making 
process without rolling gap 

     

 
 
Fig. 5 (a). Effect of Type of vehicle on 
PGAB.                                                

Fig. 5 (b). Effect of vehicle speed on 
PGAB 

 

3.5 Effect of Type and Speed of Vehicle on PGAB  
The effect of type of vehicle on PGAB is shown in Figure 5. In a real scenario, 
pedestrians do not directly judge the gap size; they instead try to capture the vehicle 
type, speed of the vehicle and distance of the vehicle. The distance of the vehicle 
was not recorded in the field situation as the vehicles are farther away not in the 
reach of camera scope. So, out of these three variables, type and speed of the 
vehicle are presented here. Figure 5 (a) indicates that, pedestrians scarily selects 
gaps with heavy vehicle compared to small vehicles. The gap sizes will increase with 
increased type of vehicle and also it suggests that they accept only with larger gaps 
with heavy vehicles. Figure 5 (b) shows that, an increase in the speed of the vehicle 
causes a decrease in the probability of acceptance. This study also finds, on par with 
the work of [Connelly et al., 1998] the importance of vehicle speed in gap selection 
process. There were also situations when pedestrians did not accept the available 
gaps, even if the speed of the vehicles were less than the mean speed. In such 
condition a decreasing trend of the probability can be observed. This backs the 
observation that pedestrians perceive the gap by type or distance of the vehicle. 
 



3.6 Effect of Pedestrian speed condition on PGAB  
The effect of pedestrian speed change condition while crossing the road on PGAB 
shown in Figure 6. It reveals that, if pedestrians are increasing their speed then the 
probability of gap acceptance will increase with available gap sizes and it also 
suggested then they accept small gaps. However, if the pedestrians do not increase 
speed, then the probability of acceptance decreases with available gaps and also it 
upholds that they accept only larger gap size. The possible explanation for their 
increase in speed is the purpose of the trip and hurry with their needs. If pedestrians 
are increasing the speed regardless of their characteristics they may even accept the 
small gap size.  
 

 
 

Fig. 6. Probability of the pedestrian’s gap acceptance 
 
 
4. CONCLUSIONS 

 
The previous pedestrian gap-acceptance studies were not only carried out in 
homogeneous traffic condition but were also only considering pedestrian, vehicular 
and roadway characteristics. In this study, a field survey was conducted to observe 
the actual scenario of crossing behaviour at uncontrolled midblock location. From 
MLR analysis, it concludes that the minimum accepted size of the gap mostly 
depends on pedestrian behavioural characteristics like the rolling gap, a pedestrian 
speed condition during crossing and direction of crossing. The major finding of this 
study is that these behavioural (rolling gap etc.) aspects are considered for PGAB. 
Pedestrians’ individual characteristics were not as affecting gap selection process as 
compared to the rolling gaps, speed change and crossing direction. This study also 
addressed the decision making process by binary probit model. The main application 
of these results is in ensuring pedestrian safety at uncontrolled midblock location 
road crossing with effect of included factors in the model. The result concludes that 
pedestrians' decision to cross the street generally depends on the traffic gap, rolling 
gap, pedestrian crossing speed condition, type of vehicle and vehicle speed. It was 
found that pedestrians crossing decisions are strongly associated with the pedestrian 
behavioural characteristics i.e., pedestrian rolling gap condition and pedestrian 
speed condition. In this study vehicle speed also shows significant contribution on 
the pedestrian gap acceptance behaviour. 
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