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Study of gap acceptance and 
walking speeds of pedestrians 
using virtual reality simulation  
The recent focus placed on 

pedestrian safety is based primarily 

on the alarming increasing amount 

of fatalities in the U.S. The 6,283 

pedestrian fatalities observed in 

2018 was the largest number on 

record from the previous 28 years 

[1]. The study of roadway contexts 

and the related behavioral factors 

that cause these fatalities is needed 

to identify road modifications, new 

or improved safety treatments, and 

education strategies that can 

effectively modify road user 

behavior and performance.  

Factors of Pedestrian Fatalities 

Around 75% of pedestrian fatalities 

occur in urban areas, during dark 

conditions, and at locations outside 

of intersections [2]. A mid-block 

crossing is one of the most 

dangerous scenarios for a 

pedestrian. Conflicts and crashes at 

an uncontrolled crossing can be 

influenced by excessive vehicle 

speeds, inadequate conspicuity, 

drivers not yielding to pedestrians, 

and insufficient separation from 

traffic. Older pedestrians tend to 

have decreased risk perception, 

larger minimum gap acceptance, 

and longer waiting times when 

crossing a road [3-4]. In contrast, 

males and middle-aged pedestrians 

have been found to accept the 

smallest gap in traffic [5]. 

 

Study Objective 

The objective of this study was to 

carry out a virtual reality (VR) 

simulation experiment to analyze 

the behavior of pedestrians when 

making the decision to cross at an 

uncontrolled location on a one-lane 

and a two-lane urban street. VR 

scenarios (see box at right for 

details) with different vehicle 

speeds and gaps between vehicles 

were shown. The ability to detect 

safe vehicle gap times in traffic, the 

walking speeds, and the crossing 
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success rate for 48 subjects were 

measured in the VR experiment. 

Selected Results and Conclusions  

The average time of the gaps taken 

by pedestrians varied from 4.5 to 

4.7 seconds for males and from 4.4 

to 4.8 seconds for females in the 

one-lane crossing. For the two-lane 

crossing setting, the average time of 

the gaps taken increased from 6.6 

to 7 seconds for males and from 6.4 

to 6.7 seconds for females.  

The average walking speed varied 

from 4.11 to 4.75 ft/s, depending on 

the vehicle gap and speed 

combinations. Although no major 

differences in speeds were 

observed between the male and 

female distributions, it was 

observed that 7% of females 

addressed the crossing at a 

faster pace than males.  

In terms of age, the 66-85 

years old group had the lowest 

crossing success rate of 89.6% in the 

one-lane road setting. The worst 

success rate of 79.7% was for the 

group that observed the 25-mph 

scenario with constant gaps of 3 

seconds in the one-lane context. 

Recommendations 

This study can be replicated with 

special interest groups, such as 

diverse mobility and senior persons, 

to detect differences in behavior 

and performance. The ethnic group 

used in this study was 

predominantly Hispanic or Latino, 

thus the study methods using VR 

can be adapted to similar urban 

scenarios and gap acceptance 

where other cultures or a 

combination of them prevails (i.e., 

African-American, American Indian, 

Asian, etc.). 
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