
64 
65 

1 

21 

43 

Accepted Manuscript 

Gaze behavior during pedestrian interactions in a community environment: 
a real-world perspective 

Hayati B. Joshi a,b, Walter Cybis c, Eva Kehayia a, b, Philippe S. Archambault a,b, Anouk 
Lamontagne a,b 

a School of Physical & Occupational Therapy, McGill University, Montreal, QC, Canada 

b Centre for Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR) - Feil 

and Oberfeld Research Center, Jewish Rehabilitation Hospital, Laval, QC, Canada 

c CISSS de la Montérégie- Centre, Longueuil 

Corresponding author: 

Anouk Lamontagne 

CRIR - Feil and Oberfeld Research Center 

Jewish Rehabilitation Hospital – CISSS-Laval 

3205 Place Alton-Goldbloom, Laval, QC, Canada - H7V 1R2 Tel: (450)-688-9550 ext. 4823 

Email: anouk.lamontagne@mcgill.ca 

Keywords:   Gaze   behavior,   locomotion,   community   ambulation,   obstacle   avoidance, 

pedestrian 

Acknowledgements: The authors would like to thank all individuals who participated in this 

study, as well as Cominar REIT, owner of the Alexis Nihon Mall, for granting our research 

team access to their shopping mall. This study was funded by the Fonds de la recherche en 

santé du Québec (FRQS) and The Natural Sciences and Engineering Research Council of 

Canada (NSERC) - RGPIN-2016-04471. HJ was the recipient of scholarship from the McGill 

Faculty of Medicine and CRIR. 

This is a post-peer-review, pre-copyedit version of an article published in Experimental Brain Research. The final authenticated version is 
available online at: https://doi.org/10.1007/s00221-021-06145-1. The following terms of use apply: https://www.springer.com/gb/open-access/
publication-policies/self-archiving-policy

https://www.editorialmanager.com/exbr/download.aspx?id=138046&amp;guid=77cf8785-f66e-4e37-9c9b-0f9692f6f8d9&amp;scheme=1
https://www.editorialmanager.com/exbr/download.aspx?id=138046&amp;guid=77cf8785-f66e-4e37-9c9b-0f9692f6f8d9&amp;scheme=1
https://www.editorialmanager.com/exbr/download.aspx?id=138046&amp;guid=77cf8785-f66e-4e37-9c9b-0f9692f6f8d9&amp;scheme=1
https://www.editorialmanager.com/exbr/viewRCResults.aspx?pdf=1&amp;docID=8493&amp;rev=1&amp;fileID=138046&amp;msid=a8dc700f-02e6-4f12-901e-b6142cc51729
mailto:anouk.lamontagne@mcgill.ca


64 
65 

2  

21 

38 

43 

ABSTRACT 
1 
2 

 Locomotor adaptations, as required for community walking, relies heavily on the sense of 
5 
6 vision. Little is known, however, about gaze behavior during pedestrian interactions while 
7 
8 ambulating in the community. Our objective was to characterize gaze behavior while walking 
9 

10 
11 in a community environment and interacting with pedestrians of different locations and 
12 
13 directions. Twelve healthy young individuals were assessed as they walked in a shopping mall 
14 
15 

16 from a pre-set location to a goal located 20m ahead. Eye movements were recorded with a 
17 
18 binocular eye-tracker and temporal distance factors were assessed using wearable sensors from 
19 
20 a full body motion capture system. 
22 
23 Participants exhibited more numerous and longer gaze episodes on pedestrians (GEP) that were 
24 
25 walking in the same direction as themselves vs. those that were in the opposite direction. The 
26 
27 
28 relative durations of GEPs, however, showed no significant differences between pedestrians 
29 
30 walking in the same vs. opposite direction. Longer durations of GEPs were also observed for 
31 
32 
33 centrally located pedestrians compared to those located on either side, but this was the case 
34 
35 only for pedestrians that were walking in the same direction as participants. In addition, 
36 
37 

pedestrians in the centre, and even more so those on the right, were fixated at farther distances 
39 
40 compared to those on the left. 
41 
42 Results indicate that healthy young individuals modulate their gaze behavior as a function of 
44 
45 the location and direction of pedestrians when ambulating in a community environment. The 
46 
47 observed modulation is interpreted as being caused by an interplay between collision risk, 
48 
49 
50 pedestrian visibility, presence of leaders and social conventions (right-sided circulation). 
51 
52 Present results also establish a benchmark for the quantification of defective visuomotor 
53 
54 

55 strategies in individuals with mobility disorders. 
56 
57 
58 
59 
60 
61 
62 
63 
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INTRODUCTION 
5 
6 
7 In everyday life, mobility activities are generally carried out in complex environments such 
8 
9 

10 as a community setting (e.g. street, shopping mall, etc.), and many environmental features 
11 
12 influence the intricacy and difficulty of mobility (Patla and Shumway-Cook 1999). This study 
13 
14 

tackles the requirement related to traffic negotiation, in particular pedestrian circumvention, 
16 
17 which is crucial to safely ambulate in a community environment (Patla 2001; Shumway-Cook 
18 
19 et al. 2002). The ability to successfully avoid collisions with moving obstacles or pedestrians 
20 
21 
22 can be challenging for older adults (Shumway-Cook et al. 2002), and has been shown to be 
23 
24 compromised  in  people  with  physical  disabilities  (Darekar  et  al.  2015;  Aravind  and 
25 
26 
27 Lamontagne 2017; Darekar et al. 2017). This emphasizes the need to further elucidate the 
28 
29 underlying control mechanisms. 
30 
31 
32 
33 Locomotor adaptations, as required for community walking, heavily relies on the sense of 
34 
35 vision. In fact, other than sound through which some spatial information about the environment 
36 
37 
38 can be acquired (Thomas and Shiffrar 2010; Kolarik et al. 2014), vision is the only human 
39 
40 sensory  modality  capable  of  providing  information  about  distal  environmental  features 
41 
42 

43 (Hollands  et  al.  2002).  Complete  visual  scanning  of  the  environment  requires  constant, 
44 
45 coordinated head and eye movements in space. The coordination of gaze and body movements 
46 
47 has been extensively studied in tasks such as locomotor steering or circumvention of static 
49 
50 obstacles. Common across all studies is the observation of a reorientation of gaze in the new 
51 
52 travel direction, which precedes the change in walking trajectory (Grasso et al. 1998; Imai et 
53 
54 
55 al. 2001; Hollands et al. 2002; Stephenson et al. 2009; Matthis et al. 2018). Analysis of gaze 
56 
57 behavior has provided additional insight into the nature of visual information that is used to 
58 
59 

60 adapt locomotion, as well as the timing at which such information is gathered. When changing 
61 
62 
63 
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direction while walking, for instance, gaze is consistently reoriented in a feedforward manner 
1 
2 towards the final goal (Hollands et al. 2002), a behavior that is consistent with the notion that 
3 
4 

5 one uses information about one’s position and motion in space in relation to goal location to 
6 
7 control locomotor heading (Rushton et al. 1998; Warren et al. 2001). When walking in presence 
8 
9 

of obstacles as well as during precision stepping tasks, gaze is drawn towards task-relevant 
11 
12 features of the environment (e.g., obstacle, targeted foot placement location) (Marigold and 
13 
14 Patla  2007; Jovancevic-Misic  and  Hayhoe  2009;  Dominguez-Zamora  et  al.  2020)  while 
15 
16 
17 remaining primarily allocated to route planning areas (Dominguez-Zamora et al. 2020). This 
18 
19 allocation of gaze, however, was also shown to vary according to task demands to acquire the 
20 
21 
22 necessary visual information, for instance when walking on rough vs. flat terrains (Matthis et 
23 
24 al. 2018). 
25 
26 
27 
28 While the above-mentioned studies provided insight into the control of gaze behavior and 
29 
30 the visual information guiding locomotion, there is a paucity of literature on gaze behavior 
31 
32 
33 related to the circumvention of moving obstacles and even more so for pedestrian interactions. 
34 
35 Different  control  parameters  have  been  proposed  to  specifically  explain  how  obstacle 
36 
37 

38 circumvention can be achieved in a variety of contexts. It is hypothesized that such control 
39 
40 parameters are appraised by the nervous system through visual information and help establish 
41 
42 the spatial or temporal relationship between the participant and a potential obstacle. Commonly 
44 
45 investigated parameters include personal space (Gerin-Lajoie et al. 2005) (and variations such 
46 
47 as obstacle clearance (Darekar et al. 2015) or minimum distance (Souza Silva et al. 2018)), 
48 
49 
50 obstacle bearing angle (Fajen 2013), time to collision (TCC) (Cinelli and Patla 2007; Pfaff and 
51 
52 Cinelli 2018) and minimum predicted distance (MPD) or minimum distance at closest approach 
53 
54 
55 (Olivier et al. 2012; Lynch et al. 2020). For instance, in a context of mutual interaction, 
56 
57 pedestrians would adapt their motions only when the estimated value of MPD is low (<1m), 
58 
59 

implying a risk of collision (Olivier et al. 2012). In a preliminary study on eye and body 
61 
62 
63 
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movement coordination during pedestrian interactions while walking in a virtual environment, 
1 
2 our group showed that eye and gaze horizontal reorientation precedes changes in walking 
3 
4 

5 trajectory, possibly to assist with the localization of the approaching pedestrian and planning 
6 
7 of future walking trajectory (Boulanger and Lamontagne 2017). As for studies that have 
8 
9 

actually  examined  the  distribution  of  gaze  behavior  during  pedestrian  interactions,  they 
11 
12 indicate that individuals generally look more frequently and/or for longer durations at the 
13 
14 environment (e.g. wall, ground surface, etc.) than at pedestrians (Jovancevic et al. 2006; 
15 
16 
17 Kitazawa and Fujiyama 2010; Berton et al. 2019; Hessels et al. 2020), although such a pattern 
18 
19 could depend on characteristics of the environment (e.g. presence of hazards (Kitazawa and 
20 
21 
22 Fujiyama 2010)) and the number of pedestrians present in the environment (Hessels et al. 
23 
24 2020). Fixation on pedestrians would be primarily located in a visual field of 45°, with more 
25 
26 
27 fixation on centrally located pedestrians (Kitazawa and Fujiyama 2010). In addition, gaze 
28 
29 behavior was found to change depending on the risk of collision, where interferers posing a 
30 
31 

32 risk of collision are looked at more frequently as compared to the non-risky interferers 
33 
34 (Jovancevic-Misic and Hayhoe 2009; Meerhoff et al. 2018). 
35 
36 
37 
38 There also exists evidence in the literature that collision avoidance strategies are modulated 
39 
40 as a function of the location/direction of approach of obstacles or pedestrians present in the 
41 
42 

43 environment (Huber et al. 2014; Buhler and Lamontagne 2018; Meerhoff et al. 2018; Souza 
44 
45 Silva et al. 2018). The extent to which gaze behavior is modified accordingly, however, 
46 
47 

remains unclear. Furthermore, existing studies have described gaze behavior and various gait 
49 
50 adaptions in a controlled laboratory or a virtual setting by regulating the density and motion 
51 
52 (direction, speed) of the obstacles. In a community setting, however, the density and direction 
53 
54 
55 of the dynamic obstacles is constantly changing, with pedestrians coming and going from and 
56 
57 towards different locations. Therefore, results collected in a controlled setting may fail to 
58 
59 
60 represent everyday life demands, leaving us with a gap in knowledge on actual visuomotor 
61 
62 
63 
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control requirements for successful pedestrian interactions in the community setting. Current 
1 
2 research is also yet to come up with metrics for quantifying gaze behavior in a constantly 
3 
4 

5 changing environment, as experienced in the community. 
6 
7 
8 In this study, we used a real-world perspective to examine gaze behavior as healthy 
9 
10 
11 participants  ambulated  in  a  community  environment  (shopping  mall).  This  real-world 
12 
13 perspective  had  the  advantage  of  replicating  a  real-world  scenario  and  providing  the 
14 
15 
16 participants with sensory stimulation, comfort, convenience, and social interactions just as one 
17 
18 would normally have in everyday life. The shopping mall as a location incorporates the 
19 
20 

specificity and diversity of contextual demands typical of a community environment, including 
22 
23 pedestrians of different characteristic in different directions and at different speeds, while 
24 
25 paying different levels of attention to their environment. The mall also offers multiple and 
27 
28 changing sensory stimuli (e.g., visual, auditory) and a natural setting where participants and 
29 
30 other mall users interact in real time, all this being difficult to replicate in a laboratory setting. 
31 
32 
33 
34 As this study represents a first attempt, to our knowledge, to measure participants’ gaze 
35 
36 behavior while walking and interacting with pedestrians in a shopping mall as a representation 
38 
39 of a community setting, it focused on the evaluation and development of metrics to quantify 
40 
41 gaze  behavior  during  community  ambulation.  Therefore,  our  specific  objective  was  to 
42 
43 
44 characterize  gaze  behavior  of  healthy  young  adults  during  obstacle  circumvention  in  a 
45 
46 community environment.  We  hypothesized  that  despite  the  complexity of  a  community 
47 
48 
49 environment, healthy young adults would exhibit gaze behaviors that are modulated as a 
50 
51 function of obstacle characteristics such as their location in space (left, center, right) and 
52 
53 direction of progression (same or opposite) in relation to the participants. This modulation 
55 
56 would  translate  by  increased  durations  and  possibly  more  frequent  gaze  episodes  for 
57 
58 pedestrians that are walking in the opposite direction and that are located along the midline of 
59 
60 
61 
62 
63 
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participants’ field of view, as these may be perceived by the observer at a higher risk of causing 
1 
2 a collision. 
3 
4 
5 
6 METHODS 
7 
8 
9 
10 
11 Study design 
12 
13 
14 

15 This is a descriptive cross-sectional, exploratory study where the participants’ ability to 
16 
17 walk towards a pre-determined location in the mall was examined in one session, lasting an 
18 
19 hour. 
21 
22 
23 Participants 
24 
25 
26 
27 A convenience sample of twelve right-handed healthy young adults between the ages of 
28 
29 18 to 29 years were recruited from McGill University, Montreal (Canada) while maintaining a 
30 
31 
32 male to female ratio of 1. On average, participants were aged 27 ± 2.6 years (mean ± 1SD) and 
33 
34 presented a weight of 65.6 ± 6.8 kg and height of 165 ± 7 cm. Right-handed participants with 
36 
37 scores equal to +40 or more were recruited as per the Edinburgh Handedness Inventory 
38 
39 (Oldfield 1971), since handedness was shown to have an influence on visual-spatial and 
40 
41 
42 navigational abilities (Reio et al. 2004; Voyer and Voyer 2015), and since right handers 
43 
44 represent 80% to 90% of the population (Bhushan and Khan 2006; Voyer and Voyer 2015). 
45 
46 

47 Participants presented normal or corrected-to-normal visual acuity, with scores equal or above 
48 
49 20/20 (LogMAR of 0) as measured by the EDTRS visual acuity chart (Kaiser 2009). Also, to 
50 
51 

control for the impact of cultural factors, we only recruited participants from countries with a 
53 
54 right-side traffic rule. Participants were excluded if they presented any condition interfering 
55 
56 with locomotion (e.g., orthopedic, rheumatologic or neurological), lower limb or back pain, as 
58 
59 well  as  any  visual  condition  interfering  with  visual  perception  (e.g.,  strabismus,  color 
60 
61 
62 
63 
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blindness,  etc.).  The  study  was  approved  by  the  Ethics  Committee  of  the  Centre  for 
1 
2 Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR) and all participants 
3 
4 

5 provided their informed written consent. 
6 
7 
8 Experimental set-up and procedure 
9 
10 
11 
12 Data collection took place at the Alexis Nihon Mall located in downtown Montreal. 
13 
14 

Participants were assessed while walking and wearing a portable eye tracking system and 
16 
17 wearable movement sensors. More specifically, the Tobii system (Tobii Pro Glasses 2) was 
18 
19 used to record participants’ eye in head movements. The Tobii system is a lightweight discrete 
20 
21 
22 glasses-mounted eye tracker with 90° viewing angle, wirelessly connected to a recording tablet. 
23 
24 The head unit also comprised of a forward-mounted (scene) camera allowing the recording of 
25 
26 
27 point of gaze on the environment. Gaze was measured from both eyes at a sampling frequency 
28 
29 of 25 Hz and resolution of 1920 x 1080 pixels, for each eye. 
30 
31 
32 
33 An APDM motion capture system (Ambulatory Parkinson’s Disease Monitoring) that 
34 
35 comprised of fifteen lightweight inertial sensors (gyroscope, magnetometer and accelerometer) 
36 
37 
38 positioned on the head, trunk, pelvis and bilaterally on the arms, hands, legs and feet, was used 
39 
40 to  measure  body  kinematics.  The  APDM  system  was  developed  and  validated  for  the 
41 
42 

43 measurement of locomotion and various gait parameters (Washabaugh et al. 2017). It also has 
44 
45 a wireless range from 20-50 meters and allows recording at a sampling rate at 128 Hz (APDM). 
46 
47 Brief audio signals were emitted by the APDM system at the beginning and end of the 
49 
50 recording. These signals were recorded by the Tobii eye tracking system and later used for an 
51 
52 offline synchronization of data recorded with the two systems. 
53 
54 
55 
56 Participants were assessed in a straight-line corridor (30 m in length and 8 meters in width) 
57 
58 in the mall, leading to a subway entrance so as to ensure a continuous flow of pedestrians 
60 
61 
62 
63 
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(Figure 1). They were assessed from a pre-set starting point (located in the middle of the 
1 
2 hallway, at 10 m) to a final goal which was the sign for the subway entrance. These two pre- 
3 
4 

5 set locations were 20 m apart and ensured a clear visibility of the end goal from the starting 
6 
7 position. Participants were instructed to walk at their comfortable speed for a community 
8 
9 

environment. A member of the team helped them locate and visit the area prior to data 
11 
12 collection.  Participants  performed  5  trials  and  were  allowed  to  rest  as  often  as  needed 
13 
14 throughout the evaluation. 
15 
16 
17 
18 Data analysis 
19 
20 
21 
22 The combination of scene camera and eye-tracking sensor allowed to record the point 
23 
24 where the eyes were directed along the horizontal and vertical planes with respect to the 
25 
26 
27 environment, as viewed on the video file. Further analyses of gaze behavior were carried out 
28 
29 using a custom-made software developed by co-author WC (Cybis 2019). 
30 
31 
32 
33 The primary outcome measure was the relative (%) duration of gaze episode on pedestrian 
34 
35 (GEP). Secondary outcomes included the number of GEPs as well as the total duration of all 
36 
37 
38 GEPs and mean distance at onset of all GEPs. In addition, the absolute duration and distance 
39 
40 at onset were quantified for the first GEP on a given pedestrian. Instantaneous walking speed, 
41 
42 

43 as well as temporal distance parameters such as step length, step width, and cadence were also 
44 
45 examined. 
46 
47 
48 
49 The procedure to identify the GEPs and derived outcomes goes as follow. Pedestrians 
50 
51 present in the camera’s field of view were first identified and manually marked with a rectangle 
52 
53 

54 for each video frame, as indicated in Figure 2A. Pedestrian visibility duration was defined as 
55 
56 the time during which a given pedestrian was visible to the participant during the trial. As soon 
57 
58 as the point of gaze moved over any pedestrian (rectangle), it would commence a GEP, which 
60 
61 
62 
63 
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lasted as long as the point of gaze was located within that box. The absolute duration of GEP 
1 
2 was defined as the length of time during which a pedestrian was looked at by a participant. A 
3 
4 

5 GEP could have a minimum duration of one time frame (40 ms) to several time frames. 
6 
7 Presence of a blink would result in two successive GEPs. Hence, pedestrians in a particular 
8 
9 

trial could have one or many recorded GEPs of varying lengths as shown in Figure 2B. For 
11 
12 each pedestrian looked at, the number of GEPs was noted, and the total absolute duration of 
13 
14 GEP was calculated by adding the absolute duration of all GEPs for that pedestrian. The total 
15 
16 
17 relative duration of GEPs was then obtained by dividing the total absolute duration of all GEPs 
18 
19 for a given pedestrian by its total visibility duration in the walking trial, expressed as a 
20 
21 
22 percentage. The latter approach allowed to control for differences in the time taken by each 
23 
24 participant to walk the pre-set distance and also for the duration for which pedestrians were 
25 
26 

27 present in the visual field during the trial. 
28 
29 
30 The distance (m) at onset of GEP, which corresponds to the horizontal distance between 
31 
32 
33 the participant and the bottom of the marking rectangle surrounding the pedestrian being 
34 
35 looked at, was determined by graphics processing and computational analysis of the image in 
36 
37 

38 the video recorded by the eye-tracking scene camera. The computing strategy is based on 
39 
40 projective transformation of bi-dimensional images, as well as on Pythagorean laws (Figure 
41 
42 2C). The projective transformation depends on the image vanishing point, which can be 
44 
45 determined based on two or more edges in the environment in front of the participant that are 
46 
47 parallel (Andersen 2008). In the image recorded by the scene camera, these parallel edges 
48 
49 
50 appear as converging lines and their intersection give the image vanishing point. The measured 
51 
52 error for distances up to 12m is estimated at 11.4% (Cybis 2019). The mean distance at onset 
53 
54 
55 of GEPs for a given pedestrian was then calculated by averaging the distance at onset of all its 
56 
57 GEPs. Both the absolute duration and distance at onset for the first GEP were also noted for 
58 
59 
60 
61 
62 
63 
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each pedestrian being looked at in order to gain insight into the participant’s initial visual 
1 
2 scanning of the environment to locate pedestrians with possible risks of collision. 
3 
4 
5 
6 Gaze behavior outcomes described above were further examined in relation to the direction 
7 
8 of  walking  and  relative  position  of  pedestrians  with  respect  to  the  participant.  More 
9 
10 
11 specifically, direction of pedestrian approach was categorized as being either in same or 
12 
13 opposite direction in relation to the walking displacement of the participant. This classification 
14 
15 
16 was done with the prospect of associating risk to the direction of pedestrian progression (e.g., 
17 
18 a greater risk of collision is assumed for pedestrians coming from the opposite direction). The 
19 
20 

pedestrians’ position with respect to the participant was also estimated using gaze orientation 
22 
23 at GEP. The latter was obtained by adding the horizontal eye angle recorded with the Tobii 
24 
25 system to the head on trunk angles computed with the APDM system during the GEP, after 
27 
28 down-sampling APDM’s data at 25Hz to match the sampling frequency of the Tobii system. 
29 
30 Based on gaze orientation, obstacles were classified as being located on the left (<-5 deg), 
31 
32 
33 center (-5 to 5 deg) and right (>5 deg) visual field of the participant. A central visual field of 
34 
35 10 deg was chosen based on previous literature, as this range is assumed to include foveal and 
36 
37 

38 para foveal vision (Wandell 1995; Strasburger et al. 2011). Video images from the scene 
39 
40 camera were  also  scrutinized to identify whether strollers, wheelchairs  users, carts, any 
41 
42 pedestrian with a walking aid or any pedestrian running were present in the field of view of the 
44 
45 participants, as this could potentially influence outcomes measures of gaze behavior. 
46 
47 
48 

49 Statistical analysis 
50 
51 
52 Generalized   estimation   equations   (GEEs)   were   used   to   analyze   the   outcomes 
53 
54 
55 characterizing  participants’  gaze  behavior,  including  the  number  of  GEPs,  total  relative 
56 
57 duration GEPs, total absolute duration of all GEPs, mean distance at onset of GEPs, as well as 
58 
59 

60 absolute duration of first GEP and distance at onset of first GEP. The model comprised of 2 
61 
62 
63 
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within-subject factors including pedestrian location in the visual field (left, center or right) and 
1 
2 direction of pedestrian approach (same or opposite). Significant main or interaction effects 
3 
4 

5 were further elaborated by post-hoc analyses using pairwise t-test comparisons with Bonferroni 
6 
7 adjustments.  All  statistical  analyses  were  performed  using  SPSS  v.24  and  the  level  of 
8 
9 

significance was set to p < 0.05. 
11 
12 
13 RESULTS 
14 
15 
16 
17 Out of the total of 12 participants, none experienced collisions during the walking trials. 
18 
19 No strollers, wheelchair users, carts, people walking with a walking aid or people running were 
20 
21 
22 present  during the  walking trials.  In  total,  there  were  373  pedestrians  looked  at  by all 
23 
24 participants combined across trials. There were only 14 non-obstructive static objects looked 
25 
26 
27 at across all trials, which included posters and signs. As those signs were not directly located 
28 
29 on the walking path and did not impose a risk of collision for the participant, they were 
30 
31 

32 excluded from the analyses. Thus, all the comparisons between the outcomes were carried out 
33 
34 while considering pedestrians only. At the beginning of all trials (first frame), the number of 
35 
36 seen (marked and analyzed) and unseen pedestrians (not looked at throughout the trial) was 
38 
39 examined and found to be similar between the left and the right visual field of participants, as 
40 
41 illustrated in Figure 3. The average number of pedestrians present in each trial were 16.5 (range 
42 
43 
44 from 4-29). 
45 
46 
47 
48 
49 
50 
51 Results for the first GEP 
52 
53 
54 
55 Despite this equal distribution of pedestrians in the environment, the distribution of first 
56 
57 GEPs, that is the distribution of pedestrians’ location when they were first gazed at by 
58 
59 
60 participants, was asymmetrical and skewed towards the right side (Figure 4). The analysis of 
61 
62 
63 
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group results revealed a significant main effect of pedestrian location for the distance at onset 
1 
2 of the first GEP (X2  (2, 373) = 6.06, p = 0.048), with larger distances being observed for 
3 
4 

5 pedestrians located centrally (mean difference = 1.77 m, p = 0.004) and on the right side (mean 
6 
7 difference = 1.85 m, p = 0.00) compared to those located on the left (Figure 5A). There was no 
8 
9 

effect of pedestrians’ direction of walking or interaction effect of pedestrian location X 
11 
12 direction on distance at onset of first GEP. In addition, neither the pedestrian location nor the 
13 
14 direction of walking of pedestrian approach was found to affect the absolute duration of first 
15 
16 
17 GEP (Figure 5B). 
18 
19 
20 

21 Results for total GEPs 
22 
23 
24 The distributions of GEP-related outcomes while considering all GEPs, calculated for all 
25 
26 
27 12 participants, are illustrated in Figure 6. It can be seen that the distributions roughly follow 
28 
29 a gaussian pattern. For the number of GEPs (Figure 6A), pedestrians coming from the opposite 
30 
31 

32 direction were looked at less frequently compared to pedestrians walking in the same direction 
33 
34 who were looked at more frequently. Participants also showed a wide range of distances at 
35 
36 

onset of GEPs that reached a maximal distance of ≈24m, while maintaining a minimum 
38 
39 distance of 2m from the pedestrians (Figure 6B). Furthermore, while pedestrians walking in 
40 
41 the opposite direction appeared to be looked at for a shorter time as compared to those walking 
43 
44 in  the same direction as participants  (Figure 6C), the relative duration of all GEPs (in 
45 
46 percentage) for the two directions of walking was roughly similar (Figure 6D). 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
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Group results for the different GEP-related outcomes, while considering all GEPs in the 
1 
2 walking trials, are illustrated for the different directions of walking and locations in the field 
3 
4 

5 of vision of participants in Figure 7, along with statistically significant comparisons. In terms 
6 
7 of the number of GEPs, the GEE analysis revealed significant main effects of direction of 
8 
9 

pedestrian approach (X2 (1, 373) = 9.86, p = 0.002), where significantly higher number of 
11 
12 GEPs were observed on the pedestrians walking in the same direction as compared to those 
13 
14 walking in the opposite direction. No main effect of pedestrian location or interaction effects 
15 
16 
17 were observed (Figure 7A). 
18 
19 
20 

For the mean distance at onset of GEPs, a significant main effect of pedestrian location 
22 
23 (X2 (2, 373) = 6.01, p = 0.005) was observed, with significantly larger distances being observed 
24 
25 when looking at pedestrians located on the right as compared to the center (mean difference = 
27 
28 1.001 m, p = 0.01) and the left (mean difference = 2.24 m, p = 0.00). No effects in terms of 
29 
30 direction of walking or interaction effects were observed (Figure 7B). 
31 
32 
33 
34 
35 The total absolute duration of GEPs significantly varied as a function of pedestrian 
36 
37 

location (X2 (2, 373) = 8.58, p = 0.014) and direction of walking (X2 (1, 373) = 7.00, p = 0.008). 
39 
40 It also displayed a significant interaction effect of pedestrian location X direction (X2 (2, 373) 
41 
42 = 10.57, p = 0.005). Post-hoc analyses revealed significantly longer total duration of all GEPs 
44 
45 on the pedestrians walking in the same vs. opposite direction for the left (p = 0.033) and center 
46 
47 (p = 0.00) pedestrian locations, but not for pedestrians located on the right (p = 0.093). In 
48 
49 
50 addition, the total duration of all GEPs was longer for pedestrians walking in the same direction 
51 
52 when they were centrally located vs. those located on the left (p = 0.014) or right (p = 0.00) 
53 
54 
55 (Figure 7C). There were no significant effects of direction of walking, pedestrian location or 
56 
57 interactions effects observed for total relative duration of GEPs (Figure 7D). 
58 
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DISCUSSION 
1 
2 
3 This study is the first, to our knowledge, that used an uncontrolled, real world perspective 
5 
6 to characterize gaze behavior while ambulating in a shopping mall and performing complex 
7 
8 locomotor tasks, such as avoiding collisions with multiple pedestrians walking in different 
9 
10 
11 directions and from different locations. While doing so, we also aimed to identify metrics of 
12 
13 gaze behavior in a constantly changing environment, as experienced in a real-world setting as 
14 
15 
16 opposed to a laboratory setting where experimental conditions are controlled. Our results 
17 
18 indicate that gaze behavior is modulated as a function of the location and direction of 
19 
20 

pedestrians  in  the  environment,  with  some  behavioral  features  that  present  with  an 
22 
23 asymmetrical spatial distribution. Potential mechanisms and implications are discussed below. 
24 
25 
26 
27 Modulation as a function of pedestrian location 
28 
29 
30 A first interesting finding of this study is the observation of longer GEP durations for 
31 
32 
33 pedestrians located in the center, which was accompanied by a trend for more frequent GEPs 
34 
35 for centrally located pedestrians vs. pedestrians located either on the left or right. Such finding 
36 
37 
38 is in agreement with earlier studies carried out in controlled laboratory environments or virtual 
39 
40 reality environments, which reported a distribution of gaze centered around the midline 
41 
42 

43 (Kitazawa and Fujiyama 2010; Berton et al. 2020). In these studies, such a distribution was 
44 
45 interpreted as an increase in visual attention devoted to riskier pedestrians, i.e., those located 
46 
47 on a collision path. Similarly, avoidance strategies were shown to differ for head-on vs. 
49 
50 diagonal/orthogonal approaches, as the former allow no alternatives other than a trajectory 
51 
52 change to avoid a collision (as opposed to changing speed or stopping which can be used for 
53 
54 
55 diagonal/orthogonal approaches) (Basili et al. 2013; Huber et al. 2014; Souza Silva et al. 2018). 
56 
57 In fact, the adoption of earlier onsets of avoidance strategy and larger clearances for obstacles 
58 
59 

60 approaching from head-on was proposed to be a direct consequence of the increased collision 
61 
62 
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risk entailed by this condition (Buhler and Lamontagne 2018). It could also be argued that the 
1 
2 centered gaze position observed in the present study is associated with a tendency to maintain 
3 
4 

5 the eyeballs centered within their orbit (Zambarbieri et al. 1995; Fuller 1996). It is important 
6 
7 to note, however, that gaze and not eye-in-head data were used here to identify pedestrian 
8 
9 

location in relation to participants. Most importantly, a previous study on gaze behavior in 
11 
12 natural indoor and outdoor environments reported a bias toward centered gaze, as observed 
13 
14 here, but also off-centre peaks in eye-in-head fixation, which argues against a preference for 
15 
16 
17 centering the eyes in their orbit, as least when tested in unrestrained natural environments 
18 
19 (Schumann et al. 2008), as done here. 
20 
21 
22 
23 
24 
25 
26 
27 While we agree that the perceived risk of collision is an important factor  and have 
28 
29 formulated  our  main  hypothesis  for  this  study  accordingly,  we  also  made  additional 
30 
31 

32 observations which suggest that other factors are at play. First, longer GEPs were indeed 
33 
34 observed for centrally located pedestrians but for pedestrians walking in the same direction and 
35 
36 not for those walking in the opposite direction, even though the former should pose less risk of 
38 
39 collision  compared  to  the  latter.  Second,  once  the  duration  of  GEPs  was  expressed  in 
40 
41 percentage, that is once we normalized for the time that pedestrians were present in the field of 
42 
43 
44 view of the observers, the relative duration of GEPs became similar between centrally located 
45 
46 pedestrians and those located on the side. Previous research indicates that when two individuals 
47 
48 
49 walk together, locomotion is modulated as a result of a mutual interaction between the two 
50 
51 walkers, for instance to regulate the distance between them as they walk (Ducourant et al. 
52 
53 2005). It was further observed that a follower unintentionally synchronizes its walking pattern 
55 
56 to that of a leader (Zivotofsky and Hausdorff 2007; Zivotofsky et al. 2012), a phenomenon that 
57 
58 is driven through different sensory modalities such vision, audition and touch (Zivotofsky et 
59 
60 
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al. 2012). The latter studies have not examined gaze behavior and we have not examined the 
1 
2 gait  behavior  of  our  participants  in  relation  to  that  of  other  pedestrians  present  in  the 
3 
4 

5 environment. Nevertheless, we suggest that a similar phenomenon of synchronization also 
6 
7 applies, whereby the visual attention of followers is anchored to the leaders (here individuals 
8 
9 

located ahead and going in the same direction), allowing them to unintentionally mimic their 
11 
12 trajectory and speed to maximize passability (i.e., obstacle free path) and maintain safe 
13 
14 interpersonal distances, hence providing a simple solution to a complex problem (i.e., finding 
15 
16 
17 the ideal route amongst multiple options). In return, such visual anchoring towards centrally 
18 
19 located  pedestrians  walking  in  the  same  direction  and  the  possible  adoption  of  similar 
20 
21 
22 navigation strategies contribute to maintaining the leaders in the central field of vision. 
23 
24 
25 Other observations of this study which speak to a modulation of gaze behavior as a function 
27 
28 of pedestrian location is the fact that not only centrally located pedestrians, but also pedestrians 
29 
30 on the right, were looked at from further distances compared to those located on the left. In 
31 
32 
33 fact, when considering total GEPs, this distance at onset of fixation for right-sided pedestrians 
34 
35 even exceeded that observed for centrally located pedestrians. Importantly, this was observed 
36 
37 

38 despite of an equal distribution of pedestrians present in the right vs. left visual field of 
39 
40 participants. Reasons for this rightward bias are not entirely clear, but we suggest it could be 
41 
42 explained, at least in part, by social convention. In North America, where this study was 
44 
45 conducted, car circulation obeys a right-side traffic rule, which translates by individuals 
46 
47 preferentially implementing a right-sided circumvention strategy when exposed to another 
48 
49 
50 pedestrian approaching from head-on (Lucas 2018; Souza Silva et al. 2018). Work from our 
51 
52 laboratory carried out using virtual pedestrians has also shown that one’s gaze is rapidly and 
53 
54 
55 transiently reoriented in the direction of circumvention prior to initiating a trajectory change, 
56 
57 suggesting that gaze reorientation assists with the feedforward control of the future walking 
58 
59 

trajectory (Boulanger and Lamontagne 2017; Lamontagne et al. 2019). In the present study, an 
61 
62 
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earlier identification of pedestrians located on the right (i.e. at a further distance) may have 
1 
2 served the purpose of planning for a future travel path that complies with the right-side traffic 
3 
4 

5 rule and which is also collision free. 
6 
7 
8 Present findings also align with a recent meta-analysis on the allocation of spatial attention 
9 
10 
11 in healthy adults which shows that under situations of low to moderate alertness, a bias of 
12 
13 attention towards stimuli located on the right hemispace is present (Chandrakumar et al. 2019). 
14 
15 
16 The authors also demonstrated, however, that handedness modifies the relationship between 
17 
18 spatial attention and alertness. Gérin-Lajoie et. al (2008) further postulated that handedness 
19 
20 

possibly influences the distribution of one’s personal space when circumventing an obstacle, 
22 
23 due to faster processing speed of visuospatial information on the dominant side (Gérin-Lajoie 
24 
25 et al. 2008). Thus, it cannot be excluded that the recruitment of exclusively right-handed 
27 
28 participants in the present study may have further contributed to the earlier detection of 
29 
30 pedestrians located on the right. Of note, however, this earlier detection of pedestrians on the 
31 
32 
33 right side was not accompanied by longer durations of GEP. We suggest that distances at the 
34 
35 onset of GEPs reflect a process of orientation of attention that is subjected to this rightward 
36 
37 

38 bias, as opposed to the duration of GEPs which could rather reflect the visual monitoring of 
39 
40 pedestrian displacement in space. 
41 
42 
43 
44 Gaze is modulated as a function of pedestrian direction 
45 
46 
47 Based on the premise that risky pedestrians are looked at more frequently and for longer 
49 
50 durations than non-risky pedestrians (Jovancevic-Misic and Hayhoe 2009; Meerhoff et al. 
51 
52 2018), we initially hypothesized that pedestrians coming from the opposite direction, as they 
53 
54 
55 potentially pose a greater risk of collision, would receive enhanced visual attention. While such 
56 
57 hypothesis appears at first not supported by present findings, we suggest that the observed 
58 
59 

60 pattern of modulation according to pedestrian direction is a function of a combination of factors 
61 
62 
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which goes beyond a binary classification of pedestrians according to their direction of walking 
1 
2 in relation to that of the participant. First, and as mentioned earlier, pedestrians walking in the 
3 
4 

5 opposite direction were present for a shorter duration in the line of sight of individuals, 
6 
7 explaining why overall they were looked at less frequently and for shorter absolute durations 
8 
9 

compared to those walking in the same direction as participants. However, when considering 
11 
12 outcome variables that are less sensitive to the duration of exposure, such as the duration of the 
13 
14 first  GEP  or  the  total  relative  duration  of  GEPs,  consistent  trends  (yet  not  statistically 
15 
16 
17 significant) for longer durations of GEP on pedestrians walking in the opposite vs. same 
18 
19 direction were observed. Second, collision avoidance during pedestrian interactions were 
20 
21 
22 shown to result from a mutual interaction between those involved (Huber et al. 2014). In such 
23 
24 perspective, it might be easier to predict mutual intentions and trajectories when pedestrians 
25 
26 

27 are walking in the opposite direction and see each other, compared to when they are walking 
28 
29 in the same direction where a sudden stop or change in the trajectory of the pedestrian located 
30 
31 ahead could cause a collision. For that reason, and for the purpose of travel path planning, the 
33 
34 attentional load devoted to pedestrians walking in the same direction, especially if they are in 
35 
36 close vicinity, could be greater than we initially hypothesized. Third, Jovancevic et al. (2006) 
37 
38 
39 have shown that when participants are on a collision course with a virtual pedestrian, the 
40 
41 enhanced visual attention allocated to that pedestrian completely vanishes when participants 
42 
43 

44 are instructed to follow a ‘leader’ (Jovancevic et al. 2006). Likewise, in the present study, 
45 
46 pedestrians walking in the same direction as participants might have acted as leaders and may 
47 
48 

have reduced the visual  attention devoted to pedestrians  approaching from the opposite 
50 
51 direction, although possibly to a lesser extent than in Jovancevic et al. (2006) as no specific 
52 
53 instructions to follow a leader were given. Finally, upon further examination of the graphs 
54 
55 
56 related to the duration of first GEP and total relative duration of GEPs (Figure 5B and 7D), a 
57 
58 large variability can be noticed, which suggests the concurrent presence of different behaviors. 
59 
60 
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A possible explanation for such variability is that the ‘opposite walking direction’, as analyzed 
1 
2 here, did not imply that an approaching pedestrian necessarily lied on a collision course with 
3 
4 

5 the participant. Instead, it is its relative displacement in time and space with respect to the 
6 
7 observer that better predicts a collision (Olivier et al. 2012; Meerhoff et al. 2018; Pfaff and 
8 
9 

Cinelli 2018). Similarly, the ‘same walking direction’ condition is not risk free of in terms of 
11 
12 collision, as a speed differential between two pedestrians, due to the leader slowing down 
13 
14 and/or the follower speeding up, would cause the distance between them to reduce and could 
15 
16 
17 eventually pose a risk of collision.  Thus, classifying pedestrians as walking in the same vs. 
18 
19 opposite direction does not capture the entirety of the collision risk. The present analyses 
20 
21 
22 represent a first step towards the understanding of factors modulating gaze behavior in the 
23 
24 context of pedestrian interactions in a natural environment. In the future, the use indoor position 
25 
26 

27 systems (e.g., wi-fi beacons) and/or computer vision techniques that enable the measurement 
28 
29 of relative positions of pedestrians (i.e., interpersonal distances) and their fluctuations in time 
30 
31 will allow a deeper understanding of factors underpinning pedestrian interactions in complex 
33 
34 community environments. 
35 
36 
37 
38 Pedestrians are looked at a minimum distance of 2 m 
39 
40 
41 Results also revealed that pedestrians present in the field of view of participants were 
42 
43 
44 looked at minimum distances of about 2m and up to a distance of nearly 24m, with average 
45 
46 distances at onset of GEP that ranged between 4m and 8m. The minimum distance of GEP of 
47 
48 
49 2m observed here is close to the threshold of 1.5m previously identified in a laboratory 
50 
51 environment (Kitazawa and Fujiyama 2010). In the latter study, closer proximity between 
52 
53 pedestrians and thus slightly smaller distances of GEP may have been experienced due to 
55 
56 environmental constraints  (a 3.6m  wide walking platform with  rails  on both  sides) that 
57 
58 provided limited space and enhanced the predictability of pedestrian movements (mainly 
59 
60 
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approaching along a straight line from the front or behind). In a study on gaze behavior during 
1 
2 obstacle crossing, Patla and Vickers (1997) also showed that the obstacle was looked at 1 to 2 
3 
4 

5 steps prior to stepping over it, and not during the actual avoidance (Patla and Vickers 1997). 
6 
7 Similarly, in the present study, this minimal distance of 2m might have been implemented to 
8 
9 

allow  sufficient  time  and  distance  to  control,  in  a  feedforward  manner,  a  successful 
11 
12 circumvention strategy. As for the maximal distance of GEP in the present study which 
13 
14 sometimes extended slightly beyond the 20m length of the shopping mall aisle leading to the 
15 
16 
17 subway station, it indicated that some participants were occasionally looking at pedestrians 
18 
19 located beyond the end goal. It is reasonable to assume that such maximal distance can be 
20 
21 
22 influenced by the size of the environment, such that individuals ambulating in a large open 
23 
24 space (for instance a park or football field) could be looking at people at even further distances. 
25 
26 
27 
28 Kitazawa  and  Fujiyama  (2010)  also  reported  that  pedestrians  approaching  from  the 
29 
30 opposite direction were fixated on at a further distance (3.97m) compared to pedestrians 
31 
32 
33 walking in the same direction as participants (1.90m) (Kitazawa and Fujiyama 2010), but no 
34 
35 such differences were observed in this present study. Again, while this apparent discrepancy 
36 
37 

38 could be attributed to differences in the configuration of the environments between the two 
39 
40 studies, we also suggest that this result in particular from their study be interpreted with caution 
41 
42 given the small number of observations (i.e., 3 for opposite vs. 24 for same direction). 
44 
45 
46 Limitations 
47 
48 
49 
50 The main limitations of this study include the lack of quantification of gaze episodes on 
51 
52 environmental features (e.g., the floor, ceiling, shops, etc.), the absence of measurement of 
53 
54 
55 avoidance strategy which could have provided further insight into the observed gaze behavior, 
56 
57 and lack of continuous data on the position of participants in relation to surrounding pedestrians 
58 
59 

60 which would have allowed an analysis of instantaneous gaze behavior modulation as a function 
61 
62 
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of variations in interpersonal distances. Also, we cannot exclude the possibility that pedestrians 
1 
2 located in the periphery may have be monitored through peripheral vision (Jovancevic et al. 
3 
4 

5 2006), which is a strategy that is not reflected in the actual GEP data. The authors further 
6 
7 acknowledge the advantages and limitations inherent to the real-world testing. For instance, 
8 
9 

while this approach yields findings that are representative of what is observed when ambulating 
11 
12 in the community, it also makes it more challenging from a measurement/technical perspective 
13 
14 (e.g., to track people’s position in space and in relation to one another). In addition, the richness 
15 
16 
17 of the environment (shops, noise, etc.) and diversity of the exposure of interest (pedestrians of 
18 
19 different  gender,  size,  race  and  age  approaching  at  different  speeds  and  from  different 
20 
21 
22 directions) likely introduced greater variability in the results. While some have suggested that 
23 
24 the impact of situational factors (relative position, speed and heading of the pedestrians) on 
25 
26 

27 pedestrian interactions prevails over that of personal factors such as gender and height (Knorr 
28 
29 et al. 2016), others have reported that elements such as body size could influence the collision 
30 
31 avoidance behavior (Bourgaize et al. 2020). Through the diversity it entails, the real-world 
33 
34 approach employed in this study has enabled the identification of gaze behavior metrics which 
35 
36 show a robust pattern of modulation as a function of situational factors such as the location and 
37 
38 
39 direction  of  approach  of  pedestrians.  Such  metrics  can  be  used  to  quantify  pedestrian 
40 
41 interactions in a variety of settings, as well as to understand, from a visuomotor perspective, 
42 
43 

44 deficits in community ambulation presented by older adults and individuals with physical 
45 
46 disability (e.g., stroke). 
47 
48 
49 
50 CONCLUSION 
51 
52 
53 This study used a real-world perspective to characterize gaze behavior in a complex, 
55 
56 community environment represented by the indoor environment of an urban shopping mall. 
57 
58 Despite of the inherent diversity of individuals present in this environment and in spite their 
59 
60 
61 
62 
63 



64 
65 

23  

10 

32 

43 

behaviors as pedestrians, robust patterns of modulation of gaze behavior as a function of 
1 
2 pedestrian location and direction were identified. Some gaze outcomes further showed an 
3 
4 

5 asymmetrical distribution that suggests a prioritization of visual attention towards pedestrians 
6 
7 located on the right and center as compared to the left. The observed modulation of gaze 
8 
9 

behavior is interpreted as being not only dictated by the actual risk of collision, but also by 
11 
12 other factors such as pedestrian overall visibility, the presence of leaders in the environments, 
13 
14 and social conventions. While adding to our understanding of gaze behavior during community 
15 
16 
17 ambulation, the present study also established a baseline measures for the quantification of 
18 
19 defective visuomotor strategies in individuals with mobility disorders. 
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Figure captions 
1 
2 Figure 1. Bird's eye view of the evaluation setting in the mall. 
3 
4 
5 

Figure 2. (A) Representation of one of the video frames from a walking trial. Pedestrians 
7 
8 present in the hallway were labeled offline for every video frame using boxes.  A given box 
9 
10 turns green when the point of gaze moves over the region defined by its contour, and 
12 
13 otherwise remains red. The number next to the green box (5.15) represents the distance at 
14 
15 onset of gaze episode on pedestrian (GEP). (B) Two-dimensional graph of the shifts in the 
16 
17 
18 point of gaze of a participant, for 2000 ms during a walking trial. Each point (grey and 
19 
20 colored) represents a GEP, while the clusters are colored to illustrate all the GEPs for a given 
21 
22 

23 pedestrian. (C) Distance determination framework based on the viewer' eyes height and the 
24 
25 angles his/her eyes form with the vanishing point (Alpha) and the object's ground position 
26 
27 (Beta). 
29 
30 
31 Figure 3. Number of pedestrians, seen and unseen, that were present in the visual field of all 
32 
33 participants across all trials. Note the equal distribution of pedestrians present on the right 
34 
35 

36 and the left visual fields of the participants. 
37 
38 
39 
40 

Figure 4. Distribution of pedestrians across the horizontal gaze angles at the onset of first 
42 
43 GEPs, that is when they were first looked at. Note the normal distribution curve with a 
44 
45 rightward skew for both the pedestrians walking in same and opposite directions, which 
46 
47 
48 indicates that a larger number of GEP were observed on the right vs. left visual field. 
49 
50 
51 
52 
53 Figure 5. Group mean ± 1SD values for distance at onset of first GEP (A) and absolute 
54 
55 duration of first GEP (B). Statistically significant effects are indicated, as applicable. 
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Likewise, post- hoc comparisons that were statistically significant are also illustrated. * p < 
1 
2 0.05. ** p < 0.01. *** p < 0.001. 
3 
4 
5 
6 
7 Figure 6. Scatter plots where all 406 pedestrians are plotted across all 12 participants 
8 
9 

depicting the number of GEPs (A), mean distance at onset of GEPs (B), total absolute 
11 
12 duration of GEPs (C) and total relative duration of GEPs (D) as a function of horizontal gaze 
13 
14 angle. The two vertical lines represent the ±5° boundaries delimiting the central visual field. 
16 
17 
18 
19 Figure 7. Group mean ± 1SD values for the number of GEPs (A), mean distance at onset of 
21 
22 GEPs (B), total relative duration of GEPs (C) and total absolute duration of GEPs (D). Values 
23 
24 are represented separately for pedestrians walking in the opposite vs. same direction, as well 
25 
26 
27 as for the left, center and right visual fields. Statistically significant effects are indicated, as 
28 
29 applicable. Likewise, post- hoc comparisons that were statistically significant are also 
30 
31 

32 illustrated. * p < 0.05. ** p < 0.01. *** p < 0.001. 
33 
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