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Abstract 

Purpose of the study: The aim of this paper was to study gender differences regarding their perceptual judgment and 

movement behavior in the road crossing task. 

Methodology: A simulated road crossing environment outside the Human Motor Behavior laboratory (HMBL) was used 

to examine the individuals’ perceptual-motor behavior. Twenty-four young adults performed the road crossing task in 

the virtual environment judging whether the available gap was crossable or not crossable and then initiating movement 

depending on the perceptual information. 

Main Findings: Participants’ gap selection revealed that their cross-ability was influenced by vehicle speed, however, 

female participants made more errors relative to males. In addition, females took longer to cross and made unnecessary 

adjustments during crossings. The study findings suggest that females’ erroneous perceptual decisions and inconsistent 

locomotion behavior in road-crossing put them at higher risk relative to their male counterparts. 

Application of this study: The findings of this study may apply to developing training programs regarding pedestrian 

individuals. Training with performing road-crossing tasks may prove to be helpful for refining individuals’ perceptual 

judgment and movement behavior to minimize chances of accidents in road crossing. Specifically, having experience 

with the road-crossing task in a virtual environment may reduce the tendency towards risk-taking behavior. 

The novelty of this study: Most of the past research regarding pedestrian individuals’ road crossing behavior examined 

participants’ perceptual judgment (perception) in standing position only or did not analyze movement behavior in the 

actual walking set up. The approach utilized in our experiment was novel in this regard; individuals can choose to cross a 

gap and walk wearing a head-mounted display. 

Keywords: Pedestrian, Perception-action, Road-crossing, Virtual Environment, Gender Differences. 

INTRODUCTION 

Research regarding perceptual-motor skills in the field of Physical Education has a long-lasting historical background. 

The primary aim of physical education (PE) is developing cognitive, perceptual, and motor skills in the learners from an 

early age (Zeng et al., 2017). Perceptual-motor skills involve temporal, directional, and spatial aspects of movements 

throughout the lifespan. In the daily routines of life, we perform several perceptual-motor activities like picking up a cup 

of coffee, walking through people on the street, catching/hitting a ball in sports, or typewriting. A perceptual-motor skill 

consists of two components of human behavior, namely, perception and action. Thus, an accurate perceptual-motor 

performance requires a skilled connection between the perception (the brain/vision) and motor function (the body) of a 

human while interacting with the environment. To perform a task, a perceiver requires perceiving the relevant 

information from the environment and initiating movement according to the perceived stimuli. 

All sorts of perceptual-motor actions link to the environment that provides numerous opportunities (affordances) to an 

actor to perform those everyday activities (Gibson, 2014; Stoffregen, 2018). In general, affordances are of two types, 

namely, stationary and dynamic. Perceiving affordances for stationary objects does not require many adaptations in 

movement behavior. For instance, a runner in a hurdle race just requires perceiving the place and height of a hurdle on 

the running track and jump to cross the hurdle accordingly. Namely, the hurdle does not change its place and direction 

itself because it is a stationary object. On the other hand, perceiving affordances become a more complex task when the 

objects to be perceived are moving than that of stationary ones because the speed and direction of moving objects change 

over time (Plumert & Kearney, 2018). In the context of dynamic affordances, opportunities for an action continuously 

change over environmental conditions. For example, a gap between two objects could be pass-through-able in a moment 

but might become unpassable at the next moment due to the change in speed or direction of those objects.  

Therefore, the accurate perception-action coupling is fundamental for time-constraint affordances, and it becomes more 

crucial when performing tasks that may have dangerous consequences. The consequences of misjudging the dynamic 

affordance or self-abilities can be a collision. An everyday activity of this kind is to perceive and intercept a vehicular 

gap (i.e., to cross a busy road) that requires carefully making perceptual and movement decisions. 
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STUDY OBJECTIVES 

Road crossing is an everyday activity that is potentially dangerous for the pedestrian for all age groups. A body of past 

research has worked on individuals’ road crossing behavior while recording their crossings in real situations or virtual 

environment settings. However, in the existing research literature, few studies worked on individuals’ road-crossing 

behavior requiring them to perceive while moving. Therefore, the present study aimed at the following objectives. 

1. To investigate the individuals’ behavior providing them perception and movement opportunity in the virtual road 

crossing task. 

2. To explore gender differences while perceiving and coordinating movement during a road crossing task in the virtual 

environment. 

LITERATURE REVIEW 

Road Crossing (A Perceptual-Motor Activity) 

Road crossing is a routine (perceptual-motor) activity that requires perceiving a crossable gap between moving vehicles 

and initiating movement according to the traffic environment. For a successful crossing, a road user must effectively 

utilize perceptual information while choosing a crossable gap (e.g., estimating the speed or distance of approaching 

vehicles) and to time the self-movement according to the changing traffic environment (Papic, Jovic, Simeunovic, 

Saulic, & Lazarevic, 2020). In other words, a road user requires to interrelate the available time with the crossing time 

and to adjust his/her locomotion for avoiding collision with moving traffic. Thus, this everyday perceptual-motor task 

(road-crossing) involves perceiving a time gap that affords safe passage through moving vehicles and moving sensibly 

through the ever-changing traffic environment (Azam, Ali, & Chung, 2020).  

To promote physical culture among youth, children and adolescents are encouraged to adopt “active school 

transportation (ATS) that denotes walking and biking” (Kontou, McDonald, Brookshire, Pullen-Seufert, & LaJeunesse, 

2020). There are more pedestrian road-users than other modes of travel. (Kontou et al., 2020). A pedestrian, therefore, 

requires skillfully using perceptual information to choose an inter-vehicle gap and coordinating the self-movement in the 

duration of crossing action (Dicks, Clashing, O'Reilly, & Mills, 2016). Making error/s when deciding a crossable gap or 

coordinating the movement at the wrong time and place may result in a collision with an upcoming vehicle. The 

alarming consequences of such perceptual errors can be seen in the global report on road safety (WHO, 2018). 

According to the report, the number of deaths resulting from traffic accidents has reached up to 1.35 million per year. 

Among other factors to those fatalities, approximately 67% of road accidents can be attributed to human errors that 

increasing the number of traffic accidents day by day (WHO, 2018). Such erroneous behavior may occur due to 

imprecise use of road users’ perceptual information and movement timing to cross the road (Azam, Ali, et al., 2020). 

Minimizing the chances of a collision, therefore, a pedestrian must effectively utilize the perceptual information from the 

environment (e.g., vehicle speed or its arrival time) and time his/her crossing action according to the changing traffic 

scenarios. 

Human behavior in road crossing tasks may be examined in a real or an artificially devised environment (a prominent 

field of Ergonomics). Virtual reality (VR) is a technological tool (immersive multimedia) that has been used in several 

pedestrian simulators (Azam, Choi, & Chung, 2020; Cavallo, Dommes, Dang, & Vienne, 2019; Feldstein, Lehsing, 

Dietrich, & Bengler, 2018). In virtual reality, a real-like environment can be simulated using computer applications. The 

use of such an artificially devised environment is not new, even so, its use can be traced back to past research (Lee, 

Young, & McLaughlin, 2007). In addition, virtual reality has more benefits than other research apparatuses available in 

the field for the study of health behavior, education, and training. The most prominent advantage is that it has a little 

physical risk because individuals can be tested inside a laboratory in an activity for which a real-world situation may be 

dangerous. 

Several research studies investigated how individuals perceive/choose inter-vehicle gaps in real or virtual environments 

and what factors influence their decisions in a road crossing task. For example, the effects of traffic density on the young 

and old adults’ road crossing decisions and behavior were examined in a virtual environment (Lobjois, Benguigui, & 

Cavallo, 2013). In addition, a review study (Feldstein, 2019) has analyzed several factors that may affect perceptual 

judgment in road crossing tasks such as human factors (age, gender, etc.), traffic-environment factors (observation time, 

spatial distance, and vehicle velocity, etc.), and technical factors (screen display contrast, stereoscopy, and field of view, 

etc.,). Moreover, the results of a recent study involving walk on a treadmill revealed age differences between children 

and young adults regarding perceptual-motor behavior in a road crossing task (Chung, Choi, & Azam, 2020). Partial 

results of a pedestrian simulator validation study revealed that there were no significant gender differences when young 

adults were examined in a road crossing learning task (Azam, Ali, et al., 2020). Exempting the learning task, therefore, 

we were further keen to know whether gender differences regarding perception-movement behavior emerge when 

individuals perceive/walk to cross moving gaps in a virtual traffic environment. Working on this intention, we reviewed 

the previous studies on the relevant task focusing on gender as a factor. 
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Gender Differences in Road Crossing 

The evidence already established that several factors affect gap acceptance and road crossing behavior. Among them, 

gender is an important human factor and the effects of gender have been investigated by many human factor 

psychologists or transportation researchers so far. Earlier evidence suggested that behavioral differences regarding 

gender in road-crossing emerged because females make more perceptual errors than males when deciding crossable gaps 

(Manser & Hancock, 1996). 

Past work involving estimation tasks on pedestrian road crossing decisions reported that males’ and females’ behavior 

was different when answering “Yes” for a crossable gap and “No” for a not crossable gap between moving vehicles 

(Holland & Hill, 2010). A couple of studies (Lobjois & Cavallo, 2007, 2009) worked on age differences in road crossing 

decisions and included gender as a between-participant factor. The partial results of those studies revealed significant 

gender differences regarding gap estimation among three age groups (i.e., children, young adults, and elderly). Male 

participants’ reaction time and crossing time were faster than females, and they (males) choose time gaps sensibly than 

females. Also, the male and female perceivers behaved dissimilarly when they were observed directly in the real 

crossing situation (Tom & Granie, 2011). Similarly, a study based on filmed records of pedestrian crossings 

demonstrated that females made more risky decisions and left with less time to spare than males (Holland & Hill, 2010). 

Partial results of another study on crossing decisions revealed no significant gender differences when the participants 

were required to choose time-to-contact (TTC) of the upcoming vehicle in a real vs. virtual environment (Feldstein & 

Dyszak, 2020). An important thing, in this respect, is the type of experimentation or a paradigm that should also be 

considered while examining individuals’ behavior.  

Notably, most of the previous studies examined individuals’ road-crossing behavior requiring them to judge the 

estimated time of vehicle arrival at the crossing position (Feldstein & Dyszak, 2020; Manser & Hancock, 1996). Besides, 

studies involved participants in passive perception requiring them to answers (Yes/No) while standing (Lobjois & 

Cavallo, 2007) or used filmed records (Holland & Hill, 2010). In contrast, action-relevant movement facilitates an actor 

with the opportunity to identify the perceptual information from the environment optimized by locomotion (Lobjois et 

al., 2013). This perception-movement assumption could be traced back to a study that investigated the role of 

perception-movement on perceivers’ catchability (Oudejans, Michaels, Bakker, & Dolne, 1996) to catch a flying ball at 

the right time and place. The same assumption is applicable when intercepting a moving vehicular gap. 

The Ecological Approach of Perception-Action 

The ecological approach of perception-action was introduced by James J. Gibson in 1979. Gibson’s ecological approach 

annotates that perception is coupled with movement (e.g., movement of receptors, limbs, and the entire animal). Namely, 

perception and action evolve a continuous cycle in which “we perceive in order to move, but we also move in order to 

perceive” (Gibson, 2014). The ecological approach demonstrates how perceptual-motor control counteracts during 

interactions between animals/humans (i.e., pedestrians in our study) and inanimate physical systems (i.e., the road 

involved in the task). Moreover, behavioral dynamics “in a consistent approach have been proposed to account for the 

dynamics of perception and action” (Warren, 2006). Following Gibson’s idea, “the behavioral dynamics approach 

annotated that rather than being localized in an internal (or external) structure, control is distributed over the actor-

environment system”. That is why the inclusion of an “actor-environment system” is fundamental in the circumstance of 

the present pedestrian road crossing task. 

Pedestrians’ behavioral responses in street crossing tasks can be explained in more detail under the assumption of 

affordance-based control (Fajen, 2007). Concerning visually guided actions, the model stated that; “the primary function 

of perception is to make it possible for the actors to see the environment in terms of ‘what they can and cannot do’ and 

that the successful performance depends on the perception of possibilities for action” (p. 384). It is, therefore, necessary 

that pedestrians must be able to distinguish between a crossable and/or not crossable gap based on the actor environment 

system. 

In addition, the ecological approach of perception-action signified the role of the performers’ movement to pick up the 

perceptual information from the environment (Oudejans et al., 1996). The energy arrays are co-structured during a 

performer’s movement, when a performer moves his/her orientation or displacement in the environment is specified 

based on those structured patterns of energy. Perception in the standing-still position does not provide a participant with 

the opportunity to refresh information from the environment. Nonetheless, the representativeness of the “actor-

environment system” in experimental paradigms is crucial. The experimental paradigms developed based on this 

assumption (perception-action coupling) allow participants to receive and utilize the information available through the 

environment to support their motor responses (Warren, 2006). 

Under this ecological tenet, movement is crucial, and moving actively in such tasks generates more calibration in 

perception and action system than that of the standing position. Perception-movement assumption was not fully utilized 

in the previous studies reviewed above on our topic of interest. The current technological advancements brought several 

changes in the previously used simulations that is why the VRs being used in the present era are more immersive, 

interactive (Azam, Choi, et al., 2020; Feldstein & Dyszak, 2020). Utilizing such innovative and interactive VR, the 
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present study focused on examining individuals’ gender differences in their perceptual judgment and walking behavior 

when they walk to cross the road through the simulated environment. 

HYPOTHESES OF THE STUDY 

The perception-movement approach was employed in our study to assess individuals’ perceptual judgment and walking 

behavior in a virtual environment. Based on the findings of previous studies, it was expected that females may make 

more errors due to differences in cognitive abilities or move fast striving for greater safety margins than males 

(Montgomery, Kusano, & Gabler, 2014). The hypotheses of our study were as follows.  

H0: There are no significant differences between young male and female individuals regarding perceptual-motor 

behavior in the road crossing task. 

H1: Females make more errors while choosing gaps and coordinating movement than males in the road crossing task. 

H2: Females make less accurate adjustments in walking speed than males when they walk to cross a road in the virtual 

environment. 

METHODOLOGY 

This experimental study involved undergraduate students from the Kunsan National University (age range: 20~28). We 

did not use any athlete as a participant because the task requires no athletic experience. The experiment was conducted 

outside the human motor behavior laboratory (HMBL) situated in the Department of Sports and Exercise Sciences of 

Kunsan National University (KNU). The sample of normal students consisted of 12 males (M = 22.80, SD = 2.57yrs) 

and 12 females (M = 23, SD = 2.08yrs) with normal/corrected to normal vision. The participants were randomly selected 

from the different departments of the KNU. Ethical approval to experiment was attained from the university’s Research 

Ethics Committee (REC). Before participating in the experiment, we provided all the participants with written informed 

consent forms according to the Declaration of Helsinki (1964). 

Apparatus and task 

To examine the perceptual-motor behavior of individuals in the road crossing task, the study used the pedestrian 

simulator (Figure 1 & 2) developed by an interdisciplinary research group (Azam, Choi, et al., 2020). The parts of the 

simulator were a real experimental street (10m long and 5m wide), an Intel computer (3.30 GHz, 8.00 GB RAM), an 

Oculus Rift (a head-mounted display: HMD) with a RUNA smartphone, and Arduino Uno. 

The RUNA smartphone inserted into HMD was linked to the computer ⇄ Arduino Uno via Wi-Fi and Bluetooth. The 

Arduino Uno was equipped with a 30 m long spring-loaded wire to measure the forward locomotion of a pedestrian. The 

computer system was the source of data storage and served as a control station. 

 

Figure 1: A cartoon image of the pedestrian simulator. (reused with permission from (Azam, Choi, et al., 2020)) 

The virtual environment consisted of a two-lane road divided by yellow lines. The total width of the virtual road was 7 m 

(3.5 m width of each lane). The sky, roadside trees, and residential buildings were depicted in the virtual scene 

representing a nature-like view. Two (sedan-sized) cars were visible on the virtual road from the left side. The virtual 

view provided participants with three-dimensional (3-D) stereoscopic visual imagery. 

 

Figure 2: Image of the virtual scene. left: pre-starting of a trial, right: post-starting of a trial scene. (reused with 

permission from (Azam, Choi, et al., 2020)) 



 Humanities & Social Sciences Reviews 
 eISSN: 2395-6518, Vol 9, No 3, 2021, pp 1504-1513 

https://doi.org/10.18510/hssr.2021.93151 

1508|https://giapjournals.com/hssr/index                                                                                                   © Azam et al. 

A participant’s task was to judge whether the gap crossable or not. The participants were instructed, “after making a 

decision, you require walking to cross the gap if crossable and do not walk if the gap is not crossable”. They were further 

instructed to walk unless a success or crash sign appears on the display screen of the HMD. 

Procedure and Design 

The participants, upon arrival in the laboratory, were briefed about the task. Following receiving instructions, each of the 

participants participated in a familiarization session. The purpose of the familiarization session was to make the 

participant familiar with the environment and the task. The familiarization session consisted of a free walk trial without 

wearing the HMD, three trials with no traffic wearing the HMD, and two trials with cars at two different speeds (i.e., 25 

km/h, 70 km/h speed). 

Before starting a trial, the participant stands wearing the HMD and facing towards the virtual road viewable through the 

HMD. A participant could start walking at the “Go” command given by the experimenter. On the “Go” command, the 

participant must immediately look left to see upcoming cars. The signs of success, crash, or failure are displayed on the 

screen as outcome feedback when a trial ends. 

Six-gap times ranging from 2s to 4.5 s (0.5-s increments) were randomized between the two cars. Among those time 

gaps, we included both crossable and not crossable conditions to examine individuals’ ability to distinguish between 

them. Those time gaps were presented to participants using two speeds, the cars’ speed was either 36 km/h or 55 km/h, 

respectively. This combination (6 gaps× 2 speeds) comprised of 12 experimental conditions in total. 

Data Analysis 

The simulation recorded pedestrians’ outcomes of crossing decisions. The possible outcome of a trial could be classified 

as a success, collision, or failure. Success: when a pedestrian crossed the gap without colliding any vehicle. Collision: 

when a pedestrian collided with any of the two cars (either with lead or rear car). Failure: when a participant missed or 

did not accept some gap. Other coordinates were a pedestrians’ crossing time from the start of a trial to the interception 

point, the time of both the lead and rear car from starting to arriving at the crosswalk, and pedestrians’ walking velocity 

(m/s). First, we refined the raw data in the MATLAB software and then included the following variables in the statistical 

analysis based on the refined data. 

Firstly, participants’ gap crossing thresholds from not-cross to cross were calculated for males and females separately 

depending on the outcome data. A binary logistic regression analysis was used for this purpose, all collisions and failures 

were classified as not to cross (No), and all successful crossings were to cross (Yes). The binary measures indicated 

between 0 and 1 for the outcome data. The logistic function that was utilized for calculating critical points and thresholds 

is as follows; F(x) =                       where x = time gap and β = slope of the logistic curve at point α. The 

equation determined the critical values and thresholds. The critical values indicate the points where pedestrians’ 

behavior changes from not cross to cross, i.e., where the probability of crossings was 0.5 (50%). The thresholds for 

crossing indicate the abruptness of the transition that corresponds to the distance between 25% and 75% of the 

responses. 

Secondly, we calculated the crossing time of the individuals. Crossing time: the total time duration beginning from when 

a participant was asked to go and the time when he/she reached the end-of-first lane. The mean crossing was computed 

for both genders based on the successful crossings. 

Thirdly, we calculated the individuals’ crossing decisions, because a pedestrian requires accurately perceiving the gap 

that affords safe crossing and avoiding a collision in road crossing situations. Therefore, we compared the misjudged 

crossing decisions between males and females to find the difference in this regard. For this purpose, we divided the 

misjudged crossing decisions into two commonly known categories, i.e., collisions and failures as categorized in a 

previous study (Lobjois & Cavallo, 2009). 

Lastly, since we utilized the perception-action approach, we also included the walking velocity of the participants in our 

analysis to compare how males and females move/walk differently during crossing action. For this purpose, we 

segmented participants’ walking speed into 1 s intervals starting from the initiation to the end of the trials. Removing the 

first 0.5 s interval, it becomes five intervals for each trial. 

The statistical analyses used were a binary logistic regression for critical points and thresholds, an analysis of variance 

(ANOVA) for crossing time and walking velocity, and a chi-square analysis for calculating the percentage of misjudged 

crossings, respectively. The researchers used a 0.05 significance level for all statistical analyses mentioned above. 

RESULTS  

Crossing Thresholds 

Logistic regression was performed to evaluate the participants’ gap selection behavior. The analysis was completed 

using 2 car speeds × 2 genders. For 36 km/h car speed, the logistic model was significant for females: χ
2
 (1) = 34.625, p< 

.0005, explaining R
2 

= 54.4% of variance in the gap selection. The logistic model was also significant for males: χ
2 

(1) = 
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16.707, p< .0005, explaining R
2 

= 32.7% of variance in the gap selection. The critical points were 3.25 s for females and 

3.56 s for males, respectively. It shows that females were accepting shorter gaps than men at slower car speeds. 

For 55 km/h speed, the model was significant for females: χ
2
 (1) = 35.447, p< .0005, explainingR

2
=55.7% of variance in 

the gap selection. The model was also significant for males: χ
2 
(1) = 32.482, p< .0005, explaining R

2 
= 55.8% of variance 

in the gap selection. The critical points and thresholds are shown in Table1. 

Table 1: Showing the participants’ critical points (in seconds) where the transition alters from not cross to cross 

decisions. 

Car Speed Gender Critical Points Threshold 

36 km/h Female 3.25 s 0.46 s 

  Male 3.56 s 0.41 s 

55 km/h Female 3.44 s 0.40 s 

  Male 3.30 s 0.45 s 

Crossing Time 

Crossing time from all accepted crossings was analyzed using a 2 (gender: male, female) x 2 (car speed: 36km/h, 55 

km/h) repeated measures analysis of variance (ANOVA). The analysis showed a main effect of gender: F (1, 103) = 

4.010, p < .048, η
2
p = .037. Mean crossing time for females was significantly greater (4.41 ± 0.27 s) than males (4.31 ± 

0.30 s) that shown in Figure 3. We also found a main effect of car speed F (1, 103) = 4.166, p < .044, η
2
p = .039. Mean 

crossing time of participants was shorter (4.31 ± 0.27 s) when cars traveled at the speed 36 km/h compared to (4.41 ± 

0.30 s) when speed was 55km/h. 

 

Figure 3: Mean crossing time (in seconds) as a function of gender for both car speeds. (CT = Crossing Time) 

Crossing Decisions 

We compared individuals’ crossing decisions to evaluate the gender differences at both car speeds. We analyzed 

crossing decisions using a 2 (gender: males, females) x 2 (car speed: 36km/h, 55 km/h) chi-square analysis on the 

number of erroneous crossing decisions and failure to cross. 

The analysis showed that the number of errors was marginally significant for gender (χ² (2) = 5.639, p = .060). The 

number of female collisions was larger (40) than that of males (25). The number of failures of females was less (7) than 

that of males (12). The number of misjudged crossings for car speed showed in figure 4. 

 

Figure 4: The number of misjudged crossing decisions as a function of gender. 
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Walking Velocity 

In the next step, we compared participant’s walking velocity regarding adjustments in their locomotion throughout 

crossing action. The segmented velocity data were entered into repeated measures ANOVA using a 2 genders x 2 car 

speeds design. Degrees of freedom were corrected using Greenhouse-Geisser. There was a significant interaction 

between walking velocity and gender: Walk’s Lambda = 0.947, F (4, 227) = 3.177, p< .014, η
2
p = .053. The interaction 

between walking velocity at car speed was also significant, F (4, 227) = 3.426, p< .048, η
2
p = .015. Following are the 

walking velocity patterns of both genders. 

 

Figure 5: Mean walking velocity as a function of segmented data for gender at both car speeds (left males, right 

females) 

DISCUSSION 

The present study examined pedestrian’s perceptual judgment and walking behavior in a road-crossing task using an 

interactive virtual environment that involves participants’ perception-action system instead of perceptual judgments 

alone. Secondly, the study examined gender differences in road-crossing behavior. The analysis regarding gender 

differences in gap thresholds clearly showed that individuals’ gap selection was different at both vehicle speeds. Females 

selected shorter gaps than males when cars traveled at a slower speed (36 km/h). On the other hand, females were 

inclined to accept larger gaps relative to males at a higher car speed (55 km/h). Overall, the results involving gap 

selection indicated that the perception of both genders influenced more as the higher car speed. 

In specific, gender differences in gap selection emerged from the results of critical points and thresholds indicating a 

transition from not cross to cross at both vehicle speeds that were not clearly explained in previous research (Lobjois & 

Cavallo, 2007, 2009).  

The second aspect, of our analysis, was the participants’ percentage of gap selection at both vehicle speeds (slower 

36km/h, faster 55km/h). Females’ percentage of gap selection was higher than males at slower vehicle speed, However, 

that behavior in gap selection showed contradiction when vehicles traveled at a higher speed. The percentage of females’ 

gap selection decreased than males at high vehicle speed. Importantly, change (decrement) in females’ behavior 

regarding gap selection at higher vehicle speed was an interesting aspect of our results contrary to the prior findings 

(Lobjois & Cavallo, 2007). Such behavior indicated that females’ gap selection was affected by vehicle speed more than 

their male counterparts because they accepted shorter gaps even at higher vehicle speed. Based on this indication, it 

could be assumed that females were not considering the speed of the vehicles, but they seemingly relied on inter-vehicle 

distance (Morrongiello, Corbett, Milanovic, Pyne, & Vierich, 2015), however, further research is necessary to explain 

this aspect of road-crossing behavior while working on gender differences. 

Further, our results also demonstrated gender differences relating to gap crossing time. Females took a longer time to 

cross than males showing differences in individuals’ movement capabilities. In addition, the results of misjudgment 

behavior also revealed gender differences in decision-making behavior. In addition, the results of collisions showed that 

females took more risky decisions than males when they cross the road in a virtual environment that support the previous 

findings (Lobjois et al., 2013; Lobjois & Cavallo, 2007, 2009). The percentage of misjudged crossings indicated that 

females made more unsafe crossings relative to males. Based on previous work regarding gender differences in 

perception of vehicle arrival time and road-crossing decisions (Holland & Hill, 2010), the present research also 

demonstrated that females behaved differently than males in this everyday perceptual-motor task revealing more 

misjudged crossing decisions. 

The behavior regarding walking velocity also showed that females’ approaching velocity was not consistent with the 

constant bearing angle, but it showed abrupt adjustments in their locomotion. From female behavior, it appears that they 
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were not adjusting their walking speed according to the environmental stimuli. On the other hand, males walked 

smoothly increasing their velocity throughout the gap interception. This behavior shows that they are trying to keep 

consistent with the constant bearing angle strategy. 

An important thing that is to be considered in our results was a larger number of collisions. In this respect, one 

possibility could be participants’ tendency towards taking risky decisions in a safe (game-like) virtual environment. The 

second possible reason, in this regard, might be the effect of the so-called ‘Hikikomori Culture’. It is “a form of severe 

social withdrawal that has been frequently described in Japan and is characterized by adolescents and young adults who 

become recluses in their parents’ homes” ((Teo & Gaw, 2010), p. 444). That could affect the perceptual-motor behavior 

of participants because the sample involved young adults from Asiatic societies. Another possible explanation of this 

erroneous behavior is possible that the individuals could not utilize perception and action calibration without having 

experience about the consequences of crossing action in the virtual environment. However, practical experience or short 

training (Azam, Ali, et al., 2020) might be considered for calibrating perceptual judgment and movement behavior to 

minimize the incidence of errors in the road-crossing task. 

Furthermore, several other factors might be considered in more detail how those gender differences emerged in 

perceptual judgment and movement behavior. Males who have more driving experience on road than females (Kontou et 

al., 2020) may benefit from a more accurate perception of gap affordance. Else, gender differences in such coordinative 

tasks may emerge based on social issues/experiences (Meyers-Levy & Loken, 2015). In addition, gender differences 

emerged into interceptive skills related to hitting/catching a ball suggests various patterns of visual adaptation between 

both genders (Moreno-Briseno, Diaz, Campos-Romo, & Fernandez-Ruiz, 2010). In short, it is pertinent that gender 

differences emerged in this perceptual-motor task (i.e., road crossing) due to individuals’ developmental perspective and 

experience that they derived from performing such everyday interceptive skills in the daily routine of life.  

The implications of the findings of this study may apply to develop training programs for pedestrian individuals. 

Because, children and adolescents (Plumert, Kearney, Cremer, Recker, & Strutt, 2011) are not much skilled in 

differentiating between crossable or not crossable gaps. Likewise, the elderly suffer a decline in perceptual-motor 

capabilities with age (Lobjois et al., 2013). Therefore, experience with performing the road-crossing task may prove to 

be helpful for refining perceptual judgment and the movement behavior during crossing action. In specific, experience 

with the task can reduce the tendency towards risk-taking behavior under the knowledge of the result of a crossing 

action. Also, practice can increase control over the movement timing through interrelating the pedestrians’ gap choices 

and movement coordination while having experience with the crossing task. Timing of movement is crucial and more 

control on movement timing is necessary for the avoidance of pedestrian-vehicle collisions. 

CONCLUSION 

In the concluding remarks, it is pertinent to consider the paradigms with maximum ecological validity that may provide 

more natural responses of participants involving their perception-action system functionally. As expected in our study, 

misjudged crossing decisions and walking behavior showed that girls made more unsafe road crossing decisions than 

boys did. This kind of behavior suggested that female pedestrians perceive-act differently than their male counterparts in 

the road crossing task that put them at more risk. In addition, the walking simulator utilized in the present study is a 

promising instrument for the studies involving human perceptual-motor behavior in road crossing. 

LIMITATION AND FUTURE DIRECTIONS 

Our study was limited to involve young adults for testing gap affordance and movement behavior in the road-crossing 

task. However, a road crossing situation is crucial for all age groups and is not confined to a specific age group. Further 

work is needed to understand pedestrians’ behavior by enlarging the sample size or extending the investigations 

involving all developmental stages (children, adolescents, and young adults). In addition, movement initiation, 

movement strategy, and crossing time on this dynamic gap affordance task may be considered in future research studies. 
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