
* Full Citation: Dam, A., Oberoi, P., Pierson, J., Jeon, M., & Patrick, R. N. (2023). Technological and social distractions at unsignalized and signalized campus crosswalks: a multi-stage naturalistic observation study. Transportation research part F: traffic psychology and behaviour, 97, 246-267. https://doi.org/10.1016/j.trf.2023.07.003
[bookmark: _GoBack]
Technological and Social Distractions at Unsignalized and Signalized Campus Crosswalks: A Multi-Stage Naturalistic Observation Study

Abhraneil Dama, Pooja Oberoia, Jake Piersona, Myounghoon Jeona, Rafael N.C. Patricka
aVirginia Polytechnic Institute and State University

The use of personal listening devices (PLDs) is most prevalent among the college attending population. PLDs can be quite distracting, especially when its users are performing focused tasks such as street crossings. Such scenarios are commonplace on campuses of rural higher education institutes, where students must cross multiple unsignalized crosswalks to get to their destination. To evaluate the dangers of PLD use and pedestrian behavior while navigating crosswalks, 1274 pedestrians were systematically observed over nine hours at four crosswalks; naturalistic observations were followed by a survey of 135 pedestrians, and two focus groups with a total of eight participants following a unique three-stage protocol. Results show that societal distractions such as crossing in group settings or talking with other members of a group while crossing led to more risky pedestrian behavior, than did technological distractors such as PLDs or cellphone use. There was also a consensus on hand gesture meanings for pedestrian-driver communication despite the presence of relatively diverse population. Findings from this study can serve as guidelines to develop external human machine interfaces for automated vehicles, and appropriate countermeasures to reduce pedestrian distractions at crosswalks of higher education institutes.
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1. INTRODUCTION

Pedestrian safety is of utmost importance, especially on college campuses. Signalized crosswalks provide clear instructions to vehicles and pedestrians to promote safe crossings, but not all campus crosswalks are signalized. Instead, safe street crossings are determined through pedestrian-vehicle interactions. To ensure an effective interaction, both the pedestrian and driver must be aware of each other and share a common mental model. It has been showed that pedestrians understood slowing down of the vehicle to be an indication that the vehicle would yield (Sucha et al., 2017). Regarding future uses cases of pedestrian interaction with automated vehicles, it has also been demonstrated that participants remained situationally more aware of autonomous vehicles’ intentions when some form of external human-machine interface (eHMI) was used to help create a shared understanding between the pedestrian and the vehicle (Liu et al., 2021). In all cases, the pedestrian must remain aware of their surroundings and communicate accordingly to develop a shared understanding with nearby vehicles. However, pedestrians are often distracted when performing street crossings.

Distractions tend to be more common among college students. Nasar and Troyer (2013) reported that in 2010 the estimated number of pedestrian injuries involving mobile devices was 1506, with a statistically significant upward trend in estimated injuries for both pedestrians and drivers. It is possible that this figure is exacerbated even further on a college campus due to the higher rate of usage of mobile devices among this demographic. For example, according to Aljomaa et al. (2016), almost 50% of bachelor’s degree pursuing college students are addicted to their cellphones. Jones (2014) observed that 95.4% of college students owned an iPhone, with 43.5% actively holding or using it while traversing a crosswalk. Cell phone distractions also significantly influence pedestrians’ wait times, missed opportunities to cross, left-right check, and time looking away from the road (Byington & Schwebel, 2013). This shows that technological distractions, such as cell phones and personal listening devices (PLDs) are a big risk to pedestrian safety on a college campus. In a meta-analysis review paper on distracted pedestrians, Simmons et al. (2020) reported that texting reduced left-right checks before and during crossings significantly (r = - 0.43), while ‘hits’ and ‘close calls’ increased moderately (r = 0.34). Sucha et al. (2017) also advised that the distraction caused due to technological interventions such as mobile phones and PLDs leads to degradation in the state of awareness for both drivers and pedestrians. Listening to music and playing AR-based games such as Pokémon GO have been identified to be most associated with smartphone overuse in the early to mid 20s age group (Chen & Pai, 2018). The study also showed that pedestrians using phones with screens larger than 5” and with an unlimited Internet data plan were the least likely to notice a clown walking in the opposite direction. Furthermore, they also determined that those listening to music were less aware of auditory elements in their environment since they failed to detect a song playing at 60 dB loudness 1m away. Similarly, texting, listening to music, and talking in a group have been shown to significantly impact looking left and right before crossing (Thompson et al., 2012). These results demonstrate how technological distractions lead to diminished situation awareness, and in-attentional blindness and deafness. 

Frequent use of personal listening devices has also been linked to noise induced hearing loss (NIHL). In support, Peng et. al. (2007) showed that PLD usage caused noise induced hearing loss in 14.1% of the 240 ears tested in the study. In other words, those with NIHL, now needed a 25-dB gain in the auditory signal to detect it within the frequency range of 0.5 to 8 kHz; those with normal hearing are usually able to detect auditory signals within that range with a gain of less than 10 dBA. The average age of the observed participants in the Peng et al. study was 20.6 years, and therefore, it can be safely assumed that it is representative of the student population attending institutions of higher education; this suggests that distracted students are likely to suffer from NIHL due to PLD usage. It has also been suggested that hearing conservation programs be implemented in higher education settings, since it has been found that students are easily exposed to over 100% noise dosage as per National Institute of Occupational Safety and Health (NIOSH) guidelines (Washnik et al., 2016). A sample of 4,185 PLD users from Australia showed that those within the age group of 18-35, had higher self-reported scores of hearing difficulties and speech perception (Gilliver et al., 2017).      

In summary, studies show that distracted pedestrian behavior can lead to dangerous predicaments at crosswalks. Audio and visual distractions take up significant mental resources, which could be necessary for navigating a crosswalk or interacting with a vehicle. These distractions can lead to accidents resulting in fatal injury or even death. In order to provide recommendations on ways to prevent pedestrian distractions or make crosswalks safer, studies must be conducted to understand the natural behaviors of pedestrians, their interactions with vehicles, and the local pedestrian culture since it can be a big motivating factor in how pedestrians make decisions. 

1.1. Related Works

Observation studies present the first step in investigating pedestrian-vehicle interactions and in understanding the local culture of street crossings. Local pedestrian culture varies geographically and can help provide meaningful insight as to why pedestrians behave the way they do at a particular site of interest.
Poó et al. (2018) conducted video recorded observations of pedestrians at signalized and unsignalized intersections in the city of Ushuaia, Argentina. They found that only 6.1% of their observed pedestrians used the crosswalk, and pedestrians would often run to cross it. Their explanation for the observed behaviors were attributed to the local culture and infrastructure, in that despite traffic laws, pedestrian safety was not a priority for road users such as the drivers. This claim, however, was not tested. In China, drivers are required by law to yield to pedestrians at crosswalks, but the baseline yielding rate was found to be only 3.5% (Zhuang & Wu, 2014). The authors investigated the effectiveness of different hand gestures to ask vehicles to yield at crosswalks. Eleven hand gestures were evaluated by local taxi drivers, of which four were tested in the field for their effectiveness. Although the results of the hand gestures are limited to the sole intention of asking drivers to yield, this shows that to provide recommendations for improving safety for vulnerable road users, it is important to incorporate the local culture into the study. Observation studies have been used to develop mathematical models (hazards-based duration model); video recordings were made at seven crosswalks in Beijing, China to predict traffic rule adherence rates (Guo et al., 2011). The study utilized a basic survey in addition to collecting demographic data and made use of the model to understand the role covariates had on pedestrians’ wait times at signalized crosswalks. In yet another observation study of signalized crosswalks conducted across three busy cities in China, the compliance rate was found to be 62.8%, with the age group of 18-39 being the most likely to commit violations (Ren et al., 2011). Those under 18 years were found to be more compliant with traffic rules. The authors explained this to be so because most primary and high schools in that area provide extensive testing of traffic laws and safety. Thus, the local culture influences a major portion of vulnerable road user population. A survey was used to determine that the main reasons for violations were for time saving and convenience. A similar video recorded observations study of seven signalized crosswalks was conducted in Hong Kong, and binary logit models were developed to make predictions for pedestrian jaywalking (Xie et al., 2017). A survey was distributed a priori to identify ideal observation hours but did not collect any additional data on pedestrians’ behaviors.

Two urban college campuses in Norfolk, VA and Birmingham, AL were observed by Wells et al. (2017) where they coded the behaviors and distractions of the pedestrians at different crosswalks on campus. It was observed that 35% of the pedestrians crossed while distracted, and the use of headphones was the most common distractor (20.4%) among other distractors such as texting or talking using a phone, and eating or drinking. Distracted pedestrians tended to obey ‘walk’ signs more often, but their rate of checking left and right before crossing was significantly lower than non-distracted pedestrians. A study by Jones (2014) observed locations on campus that were most frequented by students, and found 43.5% of students actively using their phone; texting was identified to be their primary reason for using the phone. Jones (2014) used a survey after performing observations to understand reasons behind the high usage rates of smartphones while walking across campuses. A survey of 1,009 college students reported that 23.4% of them used PLDs for over four hours at a time 21 or more times in a year; 52% respondents said that their preferred listening level was a ‘medium’, but 86.3% of them also reported increasing their listening level when the background noise got louder (You et al., 2020). Lichenstein et al. (2012) found that 67% of victims involved in vehicle-pedestrian crashes were under the age of 30 and wearing headphones. De Waard et al. (2011) also concluded that listening to loud music through air conduction earphones led to participants not being able to detect auditory signals 68% of the time. Ren et al. (2011) also followed up with a survey to understand the reason for traffic violations and reported that 30% responses were attributed to time saving reasons, and 20% were due to absence of traffic, or poor infrastructure. Thus, surveys have been recommended as a follow up to investigate the psycho-social aspects of pedestrians’ decision making (Campisi et al., 2022). 

Furthermore, past studies have focused on heavily on crosswalks located in more urban settings, where unsignalized crosswalks are not common; signalized crosswalks can preclude certain pedestrian behaviors, such as interactions with drivers and vehicles to make a crossing decision. In instances of signalized crossings, the city’s rules or ordinances, presence of authority such as the police, and signal timing can heavily influence pedestrians’ crossing behaviors (Dommes et al., 2015; Ren, 2011; Guo et al., 2011; Poó et al., 2018). Efforts have also been made to model traffic flow at signalized intersections as a means to improve safety for pedestrians and vulnerable road users. Rrecaj et al. (2021) developed a cell transmission model capable of simulating light, medium, and heavy traffic flow. Such models could be used to simulate different traffic conditions for use in empirical studies with human subjects to improve safety for pedestrians. Empirical studies, such as the current work, are necessary to validate such models and make them more robust. Finally, existing observations studies have discussed the effect of local culture on pedestrian behavior, but they have not explored if and how pedestrians of a diversely cultured population may behave at crosswalks (Rasouli & Tsotsos, 2020). It can be simpler to draw generalized conclusions based on the culture when there is a single predominant culture; on average, a pedestrian of the observed population will be more likely to follow the general pedestrian culture, and hence it will be easier to identify solutions for pedestrian safety in such cases. Past studies have compared pedestrian behaviors between entire countries; geographical differences were considered but not on a local level (McIlroy et al., 2019; Nordfjærn & Zavareh, 2016; Papadimitriou et al., 2012, 2013; Solmazer et al., 2020). Effort has been made to study pedestrian behavior within smaller regions of a single city, but only utilized a single stage of observations (Rosenbloom et al., 2004). When the observed population varies appreciably in cultural diversity, it is no longer possible to draw the same conclusions. Therefore, it is important to consider how pedestrian culture might vary owing to the large diversity within the observed population.

Overall, past pedestrian observation studies mostly consisted of a single, or a two-stage approach. However, such methods may not necessarily identify all niche factors relevant  to pedestrians’ distractions and safety at unsignalized crosswalks. The current study expands upon the previous works by following a three-stage observation protocol that incorporates direct interaction with observed pedestrians by conducting focus groups with members of the observed population. For a more comprehensive understanding of pedestrians’ requirements, especially those distracted by technology and societal factors, the current work has the following objectives. First, the use of cellphones and PLDs is only likely to increase given their potential benefits, but at the same time, their use shouldn’t lead to unsafe crossing scenarios. Additionally, societal distractions such as groups and conversations tend to always be present, especially among the college attending population. The current work investigates the extent of technological and societal distractions, and how it affects pedestrians’ behavior at unsignalized crosswalk. Secondly, given the advent of automated vehicles and their need for eHMIs for vehicle-pedestrian interaction, the topic of cultural diversity is explored in this study to understand if a consensus on hand gestures and their intended meanings can exist in a culturally diverse population. Such knowledge can be used to develop guidelines or algorithms for automated vehicles to recognize hand gestures made by pedestrians at unsignalized crosswalks. Additionally, the current work also focuses on understanding the local pedestrian culture in a culturally diverse setting, since it can affect the reasoning behind observed pedestrian behaviors. Finally, since safe crossings at unsignalized crosswalks are incumbent on interaction between driver and pedestrian, the current work explores and identifies communication preferences of pedestrians when communicating their intent, and when interpreting drivers’ intentions. The current three-stage study includes video recorded naturalistic observations as the first stage, a survey distributed to observed as well as unobserved pedestrians as the second stage, and finally, focus groups with members of the observed population as the third stage. Using this methodology, the current work seeks to address the above mentioned objectives through the following research questions:
RQ1: What is the prevalence and impact of technological (i.e., PLDs) and societal distractions on pedestrians’ behavior?
RQ2: Is there a shared understanding of the hand gestures used by members of the culturally diverse population? 
RQ3: What are the communication preferences for pedestrians and drivers at unsignalized crosswalks to make crossing and yielding decisions, respectively?


2. METHODS

In order to study pedestrian’s distractions and street crossing behaviors on the campus of a rural higher education institute, this study followed a three-stage process. First, pedestrians’ crossing behaviors were observed at multiple locations on campus during the busiest hours of a weekday. Naturalistic observations were made using video recordings and reviewed in detail later. The second stage, a survey, was distributed to observed pedestrians after they were observed completing a crossing. The survey included questions regarding their use of listening devices, crossing behaviors, and communications with a vehicle. The survey was also shared with other students on the campus who had not been observed directly to increase the number of responses received, and thus, adding to the variance within the sample. Lastly, 10 participants from the survey respondents’ list were invited to participate in two focus groups to further understand street crossing behaviors and identify key factors utilized by pedestrians to make crossing decisions. This study protocol was reviewed and approved by the university’s Institutional Review Board. Figure 1 shows the three-stage observation study protocol followed in the current work.
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Figure 1. Study protocol for the current work

2.1 Naturalistic Observations

The first stage of our observation study comprised of naturalistic video recorded observations. A total of nine hours of video data was collected from four unique crosswalk locations at a rural higher education campus in southwest Virginia. The locations and hours of observations were selected based on undergraduate student schedules to ensure highest foot traffic. It was decided that the time around lunch hour would be the optimal hours. All observation sessions were conducted in weather characterized by clear skies, mild wind gusts, and average temperatures of 50 degrees Fahrenheit (10 degrees Celsius). The observations were done in the months of February and March of 2021. In addition to students, faculty and staff members also walked to dining halls, restaurants, or their cars for lunch. We anticipated that these hours would also provide increased vehicular activity on campus. Table 1 shows the time and day of observations, and Figure 2 shows the crosswalks appearing in the same order. The four crosswalks were selected for the following reasons:
(i) Location A – At an exit of a roundabout, with a 25 mph speed limit
(ii) Location B – Between classroom buildings and dormitories, with a 25 mph speed limit
(iii) Location C – In front of a bus stop, with a 25 mph speed limit
(iv) Location D – Signalized crosswalk connecting to the city, with a 35 mph speed limit

Table 1. Crosswalk locations and duration of observations
	Location
	Day
	Hours

	Location A
	Tuesday
	1100 – 1400

	Location B
	Thursday
	1100 – 1300

	Location C
	Wednesday
	1200 – 1400

	Location D
	Tuesday
	1100 – 1300
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Figure 2. Crosswalk locations A – D. 

At all locations, a GoPro Hero 7 was positioned on a tripod which recorded continuously for the hours mentioned in Table 1. The video recorded was in 1080p resolution at 30 frames per second and stored on a micro-SD card. During the observation hours, up to three researchers were present. Two researchers (one on each end of the crosswalks) would hand out flyers to pedestrians that contained a QR code to the survey (second layer of the current study). This was done only after pedestrians had completed crossing. Aside from that, researchers did not interfere or interact with pedestrians in any capacity allowing for observation of a natural street crossing. 

Data collection and subsequent analysis for the first stage of the current observation study is justified based on the prominent second Strategic Highway Research Program (SHRP2) naturalistic driving study (Antin et al., 2019). Data coding was a crucial step for further analysis of naturalistic video data. For large scale naturalistic studies, such as those using SHRP2 data, data reductionists code the video data into predefined categories for each interval of interest (Guo et al., 2016; Bálint et al., 2020; Hankey et al., 2016; Kidd & McCartt, 2015; Tivesten & Dozza, 2014). The current study instrumented the crosswalks with a high-resolution video camera, similar to how Antin et al. instrumented personal vehicles with data acquisition systems. This allowed for a relatively large volume of different data categories to be recorded for further analysis. The SHRP2 study recorded data from six different sites across the continental United States to incorporate as much variance in the data with regard to types of distractions, risky behaviors, and environments; similarly, the current study observed four different crosswalk types to include variations in pedestrian behavior, distractions, and environmental or infrastructural differences.

2.2. Survey

Pedestrians who were observed to be using a PLD and had finished crossing were approached to complete a survey. They were handed a flyer with a scannable QR code to access the survey. A total of 224 pedestrians were handed flyers. Additionally, the survey was also distributed to students across the different schools and departments of the institution electronically through email communication. Respondents were able to take the survey at any time but were encouraged to do so at the earliest. All researchers used wrist watches to keep track of the experimental time which were synced prior to recordings. The survey was created using Qualtrics. Responses were accepted for up to three weeks from the date all flyers had been distributed at all four observation sites. A total of 135 survey responses were received during this period. Compensation was in the form of $10 Amazon gift cards and were randomly awarded to ten survey participants. Survey items can be viewed in Appendix A. 

2.3 Focus Groups

Two focus groups were conducted as part of the third and final layer of the current study. The purpose was to hear directly from pedestrians about their crossing behaviors, intentions and reasons behind their decisions when making street crossings on campus. Of the 10 invited, 8 participants responded, which led to the first focus group conducted with five participants, and the second with three participants. All participants were recruited from the campus student population using email communications; they comprised of students who were directly observed during the first stage of naturalistic observations, as well as those who were not observed. The focus groups followed a semi-structured guide that contained questions that were relevant to the observed population and were set up to understand their decision-making factors from their perspective of being both pedestrians and drivers. The focus groups were held virtually through Zoom and recorded for transcribing purposes. As a fail-safe measure, during the focus group, one researcher posed the questions and another transcribed response to the best of their ability, capturing all key points mentioned by the participants. Upon completion, all participants were thanked for their time, and compensated with $10 Amazon gift cards. Focus group items can be viewed in Appendix B.

3. RESULTS

3.1 Naturalistic Observations Results

The recorded videos were coded as binomial categorical data by two video raters working independently. A pilot study conducted prior to the actual observations allowed the researchers to define the most common distractors and behaviors exhibited by pedestrians. The distractors and behaviors are described in Table 2. 

Regarding technological distractors such as PLDs, air conduction (AC) and bone conduction (BC) PLDs were observed separately due to the interest in the emerging technology of bone conduction earphones. The research team was interested to know how BC PLDs affected pedestrian behavior, compared to AC PLDs. Unlike traditional AC PLDs that are able to create a seal either in the outer ear or around the outer ear for more effective noise cancellation, BC PLDs have the advantage of not obstructing the outer ear. BC PLDs have been shown to be an effective alternate for use in visually intensive tasks, such as driving, without any significant effective workload or content comprehension while keeping the outer ear open for environmental sounds (Granados et al., 2018). Hence, BC PLDs were observed separately from AC PLDs. However, the overall number of observed pedestrians using BC PLDs was extremely low (N=5), and as a result no significant associations were observed with this technological distractor.

The video coders used this table to establish a baseline definition for the observations and generate the respective data for each observed site. For each description, coders entered “0” for ‘No’, and “1” for ‘Yes’. This procedure falls in line with the protocol as described in existing studies (Madigan et al., 2021; Olsen & Shorrock, 2010). 

Table 2. Pedestrian Behavior and Distractor Definitions
	Behaviors
	Left/Right Check (Before)
	Whether a pedestrian checks both sides of a two-way street, or approaching side of a one-way street before stepping off the curb and onto the crosswalk. 

	
	Left/Right Check (After)
	Whether a pedestrian checks both sides of a two-way street, or approaching side of a one-way street after stepping off the curb and onto the crosswalk.

	
	Follow Walk Sign
	Whether a pedestrian follows the walk sign at a signalized crosswalk.

	
	Crosswalk Use
	Whether a pedestrian walks on the crosswalk for at least 50% of the crosswalk’s length.

	
	Crossing After Vehicle
	Whether a pedestrian steps on the crosswalk closely behind a vehicle, while it is still clearing the crosswalk or has just cleared the crosswalk.

	
	Crossing Before Vehicle
	Whether a pedestrian steps on the crosswalk in front of a vehicle such that the driver has a clear view of the pedestrian.

	
	Communication Initiation
	Whether a pedestrian initiates communication with the driver to indicate their crossing intent, while still on the curb; can be implicit or explicit.

	
	Implicit Communication
	Pedestrian communication including but not limited to gaze directed towards driver, stepping off the curb and on to the street, or any other non-verbal body language that would indicate intent to cross. 

	
	Explicit Communication
	Pedestrian communication including but not limited to hand gestures or verbal language to indicate intent to cross, express 'please yield', gratitude, or displeasure. 

	     
	Following Behind
	Whether a pedestrian follows behind a group or individuals in front of them who have begun crossing without exhibiting any safety measures of their own.

	Distractors
	Air Conduction (AC) Personal Listening Device (PLD)
	Whether a pedestrian uses an air conduction system of earphones while crossing the street; for example: Air Pods, Bose QC Earbuds, Beats Studio Buds

	
	Bone Conduction (BC) Personal Listening Device (PLD)
	Whether a pedestrian uses a bone conduction system of earphones while crossing the street; for example: Aftershokz Aeropex

	
	Phone To Ear
	Whether a pedestrian uses a phone held to their ear while crossing the street.

	
	Eyes On Phone
	Whether a pedestrian uses a phone such that their gaze is towards the ground while crossing the street.

	
	Group Crossing
	Whether a pedestrian crosses with more than one other pedestrian simultaneously.

	
	Talking Within Group
	Whether pedestrians are talking to each other while crossing the street in group crossings.



After the dataset from Location A was coded, an inter-rater reliability score was generated to gauge the level of agreement between coders. This was calculated as: agreements/(agreements + disagreements), an index of concordance as provided by (Wallace & Ross, 2006). This was done for each behavior and distractor, and then the average across all factors generated the final score. The score for Location A was 0.65. Previous observation studies have considered the minimum reliability score to be at least 0.70 (Madigan et al., 2021; Olsen & Shorrock, 2010). Based on this requirement, before proceeding further, raters met to discuss their understanding of the definitions by referring to Table 2. After the discussion, sites were re-coded based on the agreed upon process. The inter-rater reliability scores for all the sites are as shown in Table 3.
Table 3: Inter-rater Reliability Scores
	Location
	Location A
	Location B
	Location C
	Location D
	Average

	Score
	0.99
	0.99
	0.75
	0.93
	0.92



Pearson chi-square test of independence was performed to look for associations between the distractors and the behaviors exhibited by pedestrians observed in the first stage of the observation study. This was done for each observation site. A total of 1274 pedestrians (A=756; B=314; C=82; D=122) were observed at the four locations. Tables 4, 5, 6, and 7 show the significant associations observed between Behaviors and Distractors at Locations A, B, C, and D, respectively. For each significant association, odds ratios were calculated.

Table 4. Significant associations observed at Location A
	Behavior
	Distractor
	Pearson Chi-Square (p < 0.05)
	OR (95% CI)

	Left/Right Check (Before)
	AC PLD
	10.74, p < 0.001
	1.87 (1.28 – 2.75)

	
	Group
	34.40, p < 0.0001
	0.39 (0.28 – 0.54)

	
	Talking Within Group
	25.86, p < 0.0001
	0.44 (0.32 – 0.61)

	Crosswalk Use
	AC PLD
	7.59, p = 0.006
	2.75 (1.30 – 5.81)

	
	Talking Within Group
	4.85, p = 0.028
	1.71 (1.06 – 2.78)

	Crossing Before Vehicle
	Eyes On Phone
	5.51, p = 0.019
	0.51 (0.28 – 0.90)

	Communication Initiation
	Group 
	8.94, p = 0.003
	0.54 (0.36 – 0.81)

	
	Talking Within Group
	7.57, p = 0.006
	0.56 (0.37 – 0.85)

	Implicit Communication
	Group 
	9.29, p = 0.002
	0.54 (0.35 – 0.80)

	
	Talking Within Group
	7.89, p = 0.005
	0.56 (0.37 – 0.84)

	Explicit Communication
 
	Group 
	10.13, p = 0.002
	0.37 (0.20 – 0.70)

	
	Talking Within Group
	10.09, p = 0.002
	0.37 (0.19 – 0.69)

	Following Behind
	Group 
	11.32, p = 0.001
	0.38 (0.21 – 0.68)

	
	Talking Within Group
	9.75, p = 0.002
	0.41 (0.23 – 0.74)



At Location A, in addition to PLD distractors, societal distractors such as Group crossings and engagement in a conversation had significant associations with pedestrian behavior. However, they were in opposing directions. AC PLD usage caused pedestrians to check both ways before crossing (1.87) and cross at the crosswalk (2.75) more so than when there was no PLD usage; talking within group (1.71) was the only societal distractor that caused increased precautionary behavior, namely Crosswalk Use. The prevalence of AC PLD usage was 17.5%, and the prevalence of Group and Talking Within Group were 34.6% and 33%; respectively. Subsequently, Group and Talking Within Group distractors led to fewer likelihood of most other precautionary behaviors, such as Communication Initiation (0.54, 0.56), Implicit Communication (0.54, 0.56), Explicit Communication (0.37, 0.37). However, these also led to fewer chances of Following Behind (0.38, 0.41). Based on these observations, it can be said that pedestrians tended to practice safe crossings, especially when PLDs were involved. Societal distractions, on the other hand, impacted behavior more so leading to increased risk taking, and had higher prevalence than technological distractions.

Table 5. Significant associations observed at Location B
	Behavior
	Distractor
	Pearson Chi-Square (p < 0.05)
	OR (95% CI)

	Left/Right Check (Before)
	AC PLD
	8.96, p = 0.003
	2.37 (1.33 – 4.21)

	
	Talking Within Group
	6.03, p = 0.014
	0.47 (0.26 – 0.87)

	Crossing After Vehicle
	Phone to Ear
	4.94, p = 0.026
	9.06 (0.87 – 94.23)


	
At Location B, AC PLDs, Talking Within Group, and Phone to Ear had significant effects on pedestrian behaviors. Pedestrians were 2.37 times more likely to check left and right before crossing when using AC PLDs, and those talking on the phone were 9 times more likely to cross after a vehicle. Those engaged in a conversation while crossing were 0.47 times less likely to check left and right before crossing. Unlike Location A, technological distractors influenced pedestrian behavior more so than did societal distractors, although technological distractors led to pedestrians adopting safer behaviors. The similarity with Location A was that those engaged in a conversation in group crossings were less likely to check both ways before crossing; the prevalence was 22%.

Table 6. Significant associations observed at Location C
	Behavior
	Distractor
	Pearson Chi-Square (p < 0.05)
	OR (95% CI)

	Left/Right Check (Before)
	AC PLD
	5.15, p = 0.002
	11.6 (0.6 – 204.7)

	Crossing After Vehicle
	Group
	7.88, p = 0.005
	5.9 (1.55 – 22.51)

	
	Talking Within Group
	7.88, p = 0.005
	5.9 (1.55 – 22.51)

	Crossing Before Vehicle
	Group 
	6.91, p = 0.009
	12.6 (1.22 – 129.78)

	
	Talking Within Group
	6.91, p = 0.009
	12.6 (1.22 – 129.78)



Location C showed interesting results. Once again, the use of PLDs and social distractions turned out to be significant, but this time both showed increased likelihood of precautionary behaviors. Those using AC PLDs (11.6) were more likely to look for approaching traffic; AC PLD prevalence was 14.6%. When crossing in groups or conversing within the group, pedestrians were nearly 6 times more likely to cross after a vehicle, which showed that pedestrians waited to make sure there were no approaching vehicles before crossing. The prevalence of group crossings and talking within groups was 22% each. However, at the same time, the likelihood to cross in front of a vehicle was even greater (12.6). Increased prevalence of societal distractions and this contradiction could be attributed to the crosswalk location. The crosswalk is located on a straight stretch of road providing a direct line of sight distance greater than the previous crosswalks (e.g., Location A & B), but also has a bus stop directly at the crosswalk. The buses would wait at the exact same spot in front of the crosswalk but were not present throughout the observation period. Buses arrived once every 20 minutes and waited for 5 minutes. The presence of a parked bus created a wide blind spot for pedestrians. Thus, every time there was a bus present, pedestrians had to peek past the bus, watch for traffic, and make the decision to cross before or after any approaching vehicle. 

Table 7. Significant associations observed at Location D
	Behavior
	Distractor
	Pearson Chi-Square (p < 0.05)
	OR (95% CI)

	Left/Right Check (Before)
	Group
	5.10, p = 0.024
	0.41 (0.18 – 0.89)

	
	Talking Within Group
	5.10, p = 0.024
	0.41 (0.18 – 0.89)

	Crossing After Vehicle
	AC PLD
	7.66, p = 0.006
	14.86 (1.26 – 174.67)

	Communication Initiation

	AC PLD
	6.61, p = 0.010
	20.42 (0.8 – 523.84)

	Implicit Communication
	AC PLD
	6.61, p = 0.010
	20.42 (0.8 – 523.84)

	Explicit Communication
	AC PLD
	6.61, p = 0.010
	20.42 (0.8 – 523.84)

	Following Behind
	AC PLD
	5.22, p = 0.022
	3.6 (1.14 – 11.37)



At Location D, the only signalized crosswalk, technological distractors had the most influence. PLD users were 15 times more likely to cross after a vehicle, even though its prevalence was only 13.1%. This could be because of the fact that it was a signalized crosswalk, and most pedestrians crossed after vehicles had finished clearing the crossing. AC PLD usage also had higher communication instances, although most were to express signs of gratitude after having begun crossing. Surprisingly, there was no significant association of Group Crossings on Following Behind, but instead only AC PLD had significant association. This could be because of the crosswalk being signalized, and distracted AC PLD users simply followed those in front without bothering to check for traffic. One finding that was similar to previous locations (A, B, & C) was the reduced tendency to check both ways when crossing in groups and talking in group crossings. Group crossings accounted for 37% of all crossings. Thus, we see that social distractors tended to affect pedestrian behavior similarly at both signalized and unsignalized crosswalks.

3.2 Survey Results
	
The survey provided demographic data of the population observed, insights on PLD usage rates, and pedestrians’ self-perceived awareness of road crossing behaviors. A total of 135 responses were received, with 49.6% being male respondents, 49.6% being female respondents, and 0.8% identifying as non-binary. Age of respondents ranged from 18 to ‘over 65’ (M=23.29 years, SD=6.44 years). The age group 18-25 comprised 86% of the responses received; this confirms that the observed population mainly consisted of the age group with the highest rate of PLD usage. Ninety-eight percent reported being an undergraduate or graduate student, 0% being faculty, and 2% being university staff members of the university. Ethnicity of respondents varied as follows: 65.2% Caucasian, 16.3% Asian, 6.7% Hispanic, 6% Mixed, 3.7% African American, and 2.1% as Other or Prefer Not to Say. Of the 135 responses that were received, 53.3% were from pedestrians who were observed crossing the crosswalk in Stage 1, and 46.7% were from respondents who accessed the survey through email communication or were not observed directly.

In terms of PLD usage, 97% of respondents reported listening to media such as music, podcasts, or audio books through PLDs while walking on campus, with AC PLDs being the most popular (90.2%). Of them, 59.9% made use of advanced functions such as active noise cancellation. In regard to frequency of use, 15% reported using them ‘always’, 30.3% ‘most of the time’, 14.4% ‘half the time’ and 31.8% using them ‘sometimes’; only 8.5% reported ‘never’ using them while walking on campus. These results show that the chances of a driver coming across a pedestrian that is distracted via PLDs while walking on is over 90%. Of those who were observed crossing and reported listening to music while crossing, 48.5% were listening to music at a ‘medium level’ which was described as ‘can hear others talking around you but cannot hear environmental sounds’; 36.3% reported listening at ‘low level’ which was described as ‘can hear others talking around you, as well as environmental sounds. Lastly, 15.2% reported listening at ‘high level’ which was described as ‘cannot hear others talking or environmental sounds’. In terms of music preference, the two most popular music genres were Pop (21.3%) and Hip-Hop (13.4%). 
Figure 3 shows pedestrians’ responses to making left and right checks before crossing, and after beginning to cross. Seventy-seven percent of pedestrians ‘always’ checked both ways before crossing and were much less likely to check again after having started to cross. Comparatively, although only 46% of pedestrians checked both ways after starting to cross, they were more likely to continue scanning after starting to cross. Of those observed, when encountering a vehicle at the crosswalk, 53.4% reported initiating communication with the driver, while 46.5% did not initiate communication. Responses from unobserved respondents indicated 82.5% as initiating communication, and only 17.5% as not doing so. Figure 4 shows the discrepancy between reported and observed instances of Communication Initiation. Nearly 83% of survey respondents reported they would initiate communication, and only 53% were observed to do so.  


Figure 3. Percentage of reported Left/Right Checks before and After Beginning to Cross


Figure 4. Percentage of communication initiation between observed and unobserved pedestrians

With regards to forms of communication (Figure 5), 50% of observed pedestrians made explicit forms of communication such as gesturing with their hand, and 50% of them displayed implicit forms of communication such as eye contact and stepping onto the crosswalk. Compared to that, unobserved pedestrians reported making explicit forms of communication 43.8% of the time, and implicit communication 56% of the time with a driver.


Figure 5. Percentage of forms of communication between observed and unobserved pedestrians

3.3 Focus Group Results
	
Two focus groups with a total of eight participants were conducted for the purposes of understanding pedestrian decision-making factors. Questions (see Appendix B) were posed to participants both from the perspective of a pedestrian as well as a driver. The ages of the participants ranged from 18 to 35 with 66.7% in the range of 18-25 years, and 33.3% 26-35 years old. Participants’ ethnicities were distributed as follows: 55.6% Caucasian, 33.3% Asian, and 11.1% Middle Eastern. The first focus group had 5 participants (3 M, 2 F) and the second one had 3 participants (3 M, 0 F). All participants were from the university’s student population.

Six out of eight participants mentioned that using PLDs affected their crossing behaviors. Five of them said their walking pace was affected by the choice of music where they would walk faster with high tempo “upbeat”, “rock”, “happier” music, and slower with “relaxed”, “introspective” beats or podcasts. At least four participants said that they would take additional steps using PLDs to check both ways before crossing, exhibiting increased precautionary behavior. When asked if there would be any reason for them to not check both ways before crossing, only one participant said, “if with a large group”, and they defined ‘large group’ as three or more pedestrians. In instances of group crossings, four participants would blindly follow a ‘friend’ in front, while four participants would make crossing decisions themselves regardless of crossing with ‘friends’. If, however, they were crossing with a group of ‘strangers’, six participants indicated they would blindly follow the actions of the group, and two participants said they would still prefer to do their own evaluation prior to crossing. 	

Regarding communicating with drivers at unsignalized crosswalks, three participants preferred to initiate communication by looking at the driver’s eyes, but not perform any explicit forms of communication to make their intention clear. One of them mentioned they would avert their walking direction from the crosswalk to allow the vehicle to pass first. Three participants said they would rather wait at the curb to see the driver’s behavior. They would wait to see the vehicle begin to slow down, or have the driver explicitly communicate to them to cross. Remaining participants did not have a preference on who initiated communication. Questions were also posed to participants from the perspective of a driver, since seven out of the eight participants also drive on campus. All eight participants indicated that they would become extra cautious when approaching the crosswalks. They would slow down and expect their slowing down action to be interpreted as a form of implicit communication to pedestrians to cross. In the event that pedestrians still did not begin to cross after initiating a slow-down, four participants said they would use hand gestures to the pedestrians to go ahead and cross. Participants, as drivers, identified certain factors that they would use to make the decision to yield to pedestrians. These were the distance of pedestrians from the crosswalks regardless of their walking direction, their own speed when approaching the crosswalk, and time of day. They would consider pedestrians one to two steps away from the curb as those with crossing intentions. If they felt their driving speed was fast enough to cause a rear end crash from yielding suddenly, they would prefer to keep going and not slow down despite posted signs to yield for pedestrians. Twenty and 35 feet were identified as safe stopping distances for vehicles going 25 miles per hour by two participants; respectively. If there was not enough daylight for pedestrians to be able to see the drivers, they would flash their high beams to communicate yielding action.

Lastly, participants were asked to perform hand gestures they used as pedestrians to mean the following: ‘please yield’, ‘please pass’, gratitude, and displeasure. During the first stage of naturalistic observations, pedestrians were observed mostly communicating these messages through hand gestures. Table 8 visually illustrates the hand gesture while summarizing the frequencies of each gesture as demonstrated by focus group participants.

Table 8. Hand gestures made my focus group participants
	“Please Yield”
	“Please Pass”

	[image: A close up of a hand

Description automatically generated with medium confidence]
	[image: Close-up of a person's hand

Description automatically generated with medium confidence]
	[image: A close-up of a hand

Description automatically generated with low confidence]
	[image: A picture containing underwear

Description automatically generated]

	        N=7
	         N=1
	        N=3
	             N=5

	Gratitude
	Displeasure

	[image: A close up of a hand

Description automatically generated with medium confidence]
	[image: A close up of a person's foot

Description automatically generated with medium confidence]
	[image: A close-up of a person's foot

Description automatically generated with low confidence]
	[image: A person in a blue shirt

Description automatically generated with low confidence]

	         N=5
	        N=1
	        N=2
	             N=5



The majority (N=7) of participants had the same gesture for ‘please yield’, which was a stationary palm faced towards the driver. It was also mentioned that the palm would be extended from the body in this case. One participant had the unique gesture of two fingers pointing down to indicate walking intent. To mean ‘please pass’, all participants agreed on a forward waving gesture. There were differences in the orientation with three participants performing it along the horizontal plane, and five participants doing along the vertical plane. This gesture also made use of the forearm to indicate the complete motion. Gratitude expression had the most variations, although the majority (N=5) gestured with a steady open palm facing the driver and held closer to the body, compared to the ‘please yield’ gesture. This was often accompanied by a slight wave or a nod, as compared to a more stationary gesture for yielding. One participant used two joined palms, synonymous to a gesture of prayer, and two participants made thumbs up gestures to thank drivers for yielding. Finally, displeasure was expressed by a shrugging of shoulders and extending arms on both sides by five participants; remaining participants said they refrained from making hand gestures to express any displeasure.

4. DISCUSSION

Variations in pedestrian behaviors differ geographically and can be attributed to the local pedestrian culture. These variations exist on a macro as well as a micro scale. Therefore, to study pedestrians’ requirements for safer crosswalks, it is essential to understand the local culture. A single stage observation protocol can fall short in overcoming these challenges, in that simply conducting naturalistic observations is not sufficient to understand the reasonings for why certain behaviors are observed. Aside from technological and social distractions, pedestrian behavior can also be dependent on the immediate environment and infrastructure of the crosswalk. In contrast to previous crosswalks observation studies, this study focused primarily on unsignalized crosswalks on the campus of a higher education institute. Pedestrian-vehicle interactions were observed to understand communication preferences. Finally, by observing a culturally diverse population, the current multi-stage observations study can account for pedestrian behavior in a relatively small physical region but varying culturally on a global scale. Hence, the current study followed a three-stage protocol to observe pedestrian behaviors and distractions at unsignalized and signalized crosswalks on the campus of a higher-education institution. The first stage was naturalistic observations made using high resolution video recording and coded to identify distractors and behaviors. The second stage consisted of using a survey to reach an audience outside of those observed to collect additional data on pedestrian behavior at crosswalks. The third and final stage made use of focus groups to collect qualitative data to decipher factors and hand gestures used to make safe crossing decisions. 

Based on the findings from each stage of this observation study, and through comparison of the results from each individual stage, the following sub-sections provide details on the observed behaviors, and the impact different types of distractors can have on pedestrians. Finally, section 5 provides key takeaways from this study that can be utilized to introduce safety countermeasures for unsignalized crosswalks.

4.1 Naturalistic Observations

It was hypothesized that pedestrians would exhibit increased risky behaviors owing to technological distractors such as PLDs and cellphones. Regarding RQ1, results from the first stage, however, showed that societal distractors posed a greater threat to pedestrian safety than did technological distractions. First, the prevalence of societal distractors such as ‘Group Crossings’ and ‘Talking Within Groups’ were more prevalent than technological distractors. This was observed to be the case at all four locations investigated. Secondly, and contrary to our hypotheses, technological distractors led to increased cautionary behaviors such as performing Left/Right Check before crossing, ‘Initiating Communication’ more frequently, and being less likely to ‘Cross Before a Vehicle’. PLD users were observed to compensate for their distraction by checking both ways before crossing, communicating clearly with drivers, and being more patient while waiting for traffic to clear. Since earphone usage, either for listening to music, podcast, or a conversation, have been known to significantly distract pedestrians (Stavrinos et al., 2011), this can explain as to why PLD wearing pedestrians were observed taking more safety measures than those not distracted by PLDs. These results align with a similar observation study also conducted on a college campus where pedestrians wearing earphones or using a cellphone tended to look more when crossing crosswalks than those who were not technologically distracted while crossing (Harrison, 2017). Another explanation for the observed behavior would be that, on campus, drivers are expected to give right of way, or yield to pedestrians first. While signs were not posted at the observed crosswalks, other crosswalks on the campus did present a ‘yield to pedestrian’ sign at or near the crosswalk. Application of such a rule, would cause drivers to be more cautious even at crosswalks without the sign, and at the same time, increase a pedestrian’s trust on drivers’ yielding decisions. It is highly likely that this trust would only increase further when making group crossings, talking to other members of the group, or beginning a crossing behind a group. Hence, this could explain why societal distractors led to more careless behaviors on the pedestrians’ behalf. In conjunction to groups of pedestrians having greater trust in the yielding rules, individuals with technological distractors, on the other hand, probably did not feel they were part of a group, and as a result did not share the same level of trust in drivers’ decision to yield. Technological distractors tend to isolate pedestrians from the immediate physical environment through the use of music, podcasts, or conversation with a peer. Such pedestrians realize the disassociation from their social surroundings, and hence, feel the need to take individual responsibility for their own safety at crosswalks, and therefore exhibited more precautious behavior. 

At Location B, technological distractors were more prevalent and had a greater effect on pedestrian behavior than societal distractions. Pedestrians distracted with AC PLDs and cellphone use, practiced safer crossing behaviors such as looking both ways before crossing and crossing behind vehicles rather than in front of them. Pedestrians distracted by conversation while crossing, on the other hand, were much less likely to look both ways before crossing. Once again, due to technologically distracted pedestrians’ lack of trust in their own ability to maintain situation awareness and their knowledge of drivers recognizing them as individuals and not a group, they decided to be more cautious than those who were not distracted or were present in a group setting.

At Location C, societal distractions were more prevalent than technological distractions, but led to mixed results. The presence of a parked bus created a blind spot which made crossings more challenging. Hence, the chances of pedestrians looking both ways before crossing was much higher at Location C, compared to the other locations, especially for those with PLD distractors. However, of those distracted in Group Settings, only five percent Crossed Before a Vehicle, but their likelihood to do was twice than that of those who Crossed After a Vehicle, which was observed over 13% of the time. It should be noted that the bus was not present at all times, which might explain why crossing before a vehicle was more likely; in the absence of a bus, pedestrians had a longer time frame to observe oncoming vehicles giving them sufficient time to cross before a vehicle. The mixed results warrant further investigation into distracted pedestrian crossings at crosswalks with complex environments, such as crosswalks with blind spots due to parked vehicles. 

At Location D, technologically distracted pedestrians were less likely to take any precautionary behaviors of their own before crossing, and instead followed those in front of them. They were, however, more likely to explicitly communicate gratitude to drivers through hand gesturing after beginning to cross. The fact that Location D was a signalized crossing suggests that distracted pedestrians expected everyone to follow traffic rules and trusted drivers enough to not bother taking additional safety measures of their own. Since there is a clear signal for drivers to stop, technologically distracted pedestrians adopt the same level of trust as socially distracted pedestrians in a group setting. Hence, technologically distracted pedestrians were more likely to initiate communication implicitly, indicating confidence in drivers’ likelihood of yielding, and communicating explicitly after beginning to cross. Societal distractions, however, still led pedestrians to exhibit risky behaviors, much like the other locations, which corroborates with the explanations for Locations A and B. This sheds light on the local culture of the observation sites, where pedestrians and drivers maintain a shared understanding of traffic laws. 

In Location A, societal distractions led to fewer instances of communicating with drivers, even though pedestrians were less likely to blindly follow those ahead. This could be explained by the infrastructure of the crosswalk; since the crosswalk was at the exit of a roundabout, pedestrians were not always sure of how drivers would behave. Therefore, pedestrians tended to make their own assessments before crossing. Also, since the roundabout caused vehicles to slow down well below the speed limit, it is assumed that pedestrians did not feel the need to communicate as much with drivers. At Location B, socially distracted pedestrians were less likely to check both ways before crossing. Both Locations A and B were located between students’ classrooms and dorms, which once again, sheds light on the immediate culture of those observed at these two locations; it shows that these crosswalks were frequented by students engrossed in their daily activities, and in a hurry to get to their destination. 

Overall, it was found that social distractors are as much of a danger as technological distractors, if not more. Pedestrians who were distracted through social factors, such as engaging in a conversation while crossing, or crossing in a group, tended to exhibit riskier behavior than those who were distracted through technological factors such as personal listening devices or cellphones, or those who were not distracted at all. This finding is new compared to some existing studies where the opposite was reported (Brosseaua et al., 2013; Dommes et al., 2015; Hussein et al., 2015). In the Brosseaua et al. (2013) study, the age group of 18-35 had the highest number of dangerous violations (10% of the observed population) when crossing at a red light, compared to the age groups of 35-60, and those over 60 years of age. The Domme et al. (2015) study observed 680 pedestrians, with 17% of them in the age group of 18-29,  23% in the age group of 30-49, 17% in the age group of 50-64, 24% in the age group of 65-74, and 19% over 75 years of age, at signalized crosswalks; their results showed that older pedestrians were more likely adopt safer crossing behaviors by waiting at the curb longer, not running across the crosswalk, and looking at the light signal more often. Hussein et al., (2015) observed 1988 pedestrians for two hours at two signalized crosswalks at a busy New York city intersection and recorded one-third of the pedestrians being involved in a pedestrian-vehicle conflict, or 72 pedestrian-vehicle conflicts were recorded every hour. Rosenbloom (2009) also observed 1392 pedestrians (94% in the 20-40 years age range) at a signalized crossing and reported that more pedestrians were likely to violate crossing rules when they were crossing as an individual than when they were in a group setting; this contrasts with the findings from the current study.

However, certain studies have reported group crossings to also be riskier for socially distracted pedestrians (Aghabayk et al., 2021; Thompson et al., 2013). There could be two explanations for this; the first being that, pedestrians expect the task of monitoring their surroundings to be a shared task when in a group (Harrell, 1991). By expecting those around them to react first to a potential danger (such as an approaching vehicle), pedestrians in a group trust the reaction of the group to be an indication of any danger as compared to the dangerous element itself. It is also easier for pedestrians to detect this reaction since it occurs at a much closer proximity to them and does not involve significant decision making on their part. A second explanation would be that when crossing in groups specifically, pedestrians assume that they are easier to detect. A larger group of pedestrians is more salient to drivers, even in poorly lit conditions, and hence, pedestrians feel a sense of safety when crossing in a group setting (Harrell, 1991). 
4.2 Survey

The survey, or the second stage, provided demographic information of the population observed. Using a survey eliminates any guess work and bias on the video coders’ behalf when interpreting data such as age, gender, and ethnicity. The survey also provided additional information such as the type of media that pedestrians were consuming while using PLDs. Close to 15% of the respondents marked listening to speech heavy media such as hip-hop or rap music, podcasts, or audiobooks. According to Schwebel et al. (2012), listening to music and phone conversations can have different extents of distraction; phone conversations lead to greater distractions because of the increased cognitive demand, while listening to music is associated with a lower cognitive demand. Nasar et al., (2008) also showed that phone conversations led to pedestrians recalling significantly fewer details on the roadway than those not conversing. This shows that further distinctions can be made between musical or acoustical stimulus, and speech or language-based stimulus in terms of the extent of distraction. If the content is speech heavy, pedestrians are distracted to a greater extent compared to music that is more instrumental than lyrical.

The survey also showed that those who always checked left and right after having started to cross (46%) were more likely to continue doing so, than those who always checked both ways before crossing (77%). This indicates that most pedestrians drop their guard once they have estimated it to be safe to cross. However, in order to maintain a minimum risk of accidents at crosswalks, it is important that both drivers and pedestrians have a shared mental model of their environment. If a pedestrian is distracted while crossing, even though they checked both ways before crossing, and an approaching driver is also distracted, it is likely that this situation will lead to a roadway accident. The lower percentage of those continuing to check both ways after having started to cross indicates that efforts should be made to encourage pedestrians to maintain situation awareness even while crossing. While the type of distraction may affect the ways in which pedestrians can be alerted of approaching danger, visual cues placed on the crosswalk itself, or auditory alarms indicating direction of approaching danger could be used by city planners to reduce distracted pedestrian/driver related accidents. Elementary education should adapt road crossing instructions to include making left and right checks during crossing, even after checking both ways before crossing, to instill it as a habit among pedestrians.

An interesting finding from the survey was the discrepancies between the self-reported responses regarding cautious behavior and those that were systematically observed. For example, 77% of survey respondents reported ‘always’ checking both ways before crossing, but only 47% were observed to take such precaution. Checking both ways after beginning to cross was reported by 46% of the respondents, but in reality, only 14% were found to do so at Location A, which was the busiest of all four crosswalks. When the crosswalk was signalized, as in Location D, a mere 3.3% of the observed pedestrians made left and right checks after beginning to cross. This resonates with Stage 1 findings that the presence of a crosswalk signal increases pedestrians’ instances of distracted behavior due to over reliance on the traffic system in place. In terms of Communication Initiation, a total of 41% respondents reported willing to communicate first with the driver, but again, findings of Stage 1 showed just over 25% doing so. According to the survey, 55% of respondents prefer implicit forms of communication such as eye gaze or stepping in the direction of or onto the crosswalk; observations from Stage 1 show 13% of pedestrians exhibiting the same behaviors. Explicit Communication had an even larger gap where the survey showed 45% using explicit forms of communication such as hand gestures, but observations showed only 7% of pedestrians making them. This mismatch between self-reported and observed data suggests that surveys should be complemented through additional forms of data collection to provide an accurate picture of pedestrians’ behavior. Methods such as video recorded observations, interviews or focus groups can help avoid misunderstanding the local pedestrian culture of the locations being studied. Borzendowski et al. (2013) reported similar findings through self-reported questionnaires where individuals severely overestimated their own conspicuity when walking near vehicles at nighttime. Further studies from Netherlands, showed that novice drivers claimed to overestimate their ability to maneuver a vehicle safely in complex environments (Craen et al., 2007; Mynttinen, 2009). These results show that even across different cultures, individuals tend to overestimate their own capabilities. Therefore, surveys alone cannot describe the local pedestrian culture, and hence, a multi-stage protocol for observation studies is better equipped to truly understand requirements for improving safety of vulnerable road users at crosswalks.

4.3 Focus Groups

As part of the final stage, the focus groups brought in pedestrians to solicit additional information directly from the observed population as well as those not observed during the naturalistic observations stage. Regarding music listening preferences, it was noted that the type of music affected walking pace, even though participants mentioned ‘snapping out of it’ when approaching a crosswalk. However, since the survey results showed that there is a mismatch between self-reported and observed behaviors, it should be anticipated that those using PLDs and walking faster, are more likely to be unaware of their surroundings. Societal aspects came to light during the focus groups which indicated that pedestrians felt a sense of safety in numbers. This was exacerbated when crossing with strangers, as opposed to crossing with friends. This indicates that a group of at least three pedestrians will more likely initiate crossings without taking the same precautionary behaviors as when crossing alone. Identifying such behaviors can help in the development of machine learning algorithms to predict pedestrian movement. Pedestrians maintaining distance between each other and following those in front are social cues that have been used previously for that purpose (Pellegrini et al., 2010; Ridel et al., 2018).

Since the higher education institution housed a large number of international students, it was expected that there would be irregularities in the types of hand gestures for ‘please yield, ‘please pass’, and to express gratitude or displeasure (RQ2). Despite the demographic diversity of the focus group, and the overall diversity in the student population observed and surveyed, a consensus emerged for all hand gestures, meaning that there existed a general understanding between pedestrians and drivers on what each hand gesture indicated. It should be noted that there were certain unique variations, especially for “please yield” and to express gratitude; the second “please yield” gesture (Table 8) was performed by one participant, which the other participants did not immediately recognize, although they remarked that it seemed logical. The only variation for the ‘please pass’ gesture comprised whether the palm movement was vertical or horizontal; it was clear to all participants what it meant due to the dynamic moving action. The second gesture to express gratitude (i.e., palms held together) was not observed at any location investigated, even though the participant indicated that it is the only way they would express gratitude. Based on these results, there appeared to be a consensus on which hand gestures were easily understood by drivers and pedestrians alike. However, as observed during the focus groups, ‘gratitude’ and ‘please yield’ had variations within them that could be considered unique. Therefore, even though cultural differences did not yield vast differences in gesture comprehension, subtleties existed which could cause communication issues between driver and pedestrian at crosswalks. It should be noted, however, that the overall amount of time spent by international students on the campus may influence their understanding and expectations of the local pedestrian culture. Personal adjustment, measured through self-esteem, has been shown to be positively correlated with international students’ assimilation in their cocultures, as well as with the American culture, with a fine balance existing between the extent of exposure to the two cultures for the student (Al-Sharideh & Goe, 1998). The current study did not record any assimilation data, and therefore, it is possible that students or pedestrians who are less acclimatized to a new environment might exhibit significantly different hand gestures or have different expectations, compared to an international student who has spent considerable time in their new environment. Nonetheless, the three-stage methodology described in the current study can be effective in understanding the needs of the pedestrians at any location. 

Regarding RQ3, it was also noted that pedestrians preferred that the driver initiate communication when approaching a crosswalk; the vehicle slowing down was considered the most prominent indication that the driver would yield. Even as drivers, the focus groups participants felt it was the responsibility of the driver to maintain control of the situation by slowing down, and then, explicitly communicating to the pedestrians to cross. These findings indicate that pedestrians expect the vehicle to initiate and dictate crossings, behaving as a traffic signal. Instances when visibility is poor, or when pedestrians encounter an automated vehicle, clearly communicating the vehicle’s intention becomes even more important. External human machine interface (eHMI) designs have been explored to address this issue. By displaying instructions to communicate the self-driving vehicle’s intent, pedestrians can feel more confident and safer while crossing (Liu et al., 2021). There is ongoing research on how cultural differences can determine how effective eHMIs can be at communicating automated vehicles’ intents (Ranasinghe et al., 2020). While no significant differences were found between explicit and implicit eHMIs of automated vehicles, pedestrians did prefer explicit communication via eHMI to clearly understand the vehicle’s intent (Dey et al., 2022). Another consideration drivers would use to surmise pedestrians’ crossing intention was their distance from the curb, irrespective of the walking direction; drivers would automatically presume pedestrians to have an intention to cross if they were within a few steps from the curb since pedestrians are capable of suddenly changing their trajectory. It has been shown that distracted pedestrians are 75% more likely to suddenly change trajectory (Hyman et al., 2010). Factors categorized as the state of the pedestrian, including trajectory, walking pattern, speed, and attention have been used to predict crossing intentions (Rasouli & Tsotsos, 2020). Related factors such as angles of joints (ankle, elbow) and standing/walking postures have also been considered in prediction algorithms to determine pedestrians’ crossing intents at signalized crosswalks (Zhang et al., 2022). However, pedestrian’s distance from the curb has not been frequently used to predict crossing intention. Yang et al. (2022) developed a neural network utilizing spatiotemporal features such as limb movements, head pose, body orientation, and longitudinal distance from the vehicle to predict crossing intentions for application in autonomous vehicles, but not horizontal distance from the curb.

5. CONCLUSION

The current three-stage observations study protocol provides a comprehensive methodology to observe pedestrians at unsignalized and signalized crosswalks. It identifies technological and social distracting factors, their prevalence, and how they cause pedestrians to adopt precautionary behaviors; the study identifies how a culturally diverse population may still be able to come to a consensus on the different types  of hand gesture, their intended meanings, and how understanding the local pedestrian culture can help identify how to improve crosswalk safety for vulnerable road users; and lastly, the current work identifies communication preferences for pedestrian-driver interactions, which are crucial for safe traversal of unsignalized crosswalks, and further, for the development of future interactions between pedestrians and automated vehicles. Although the current study was conducted on the campus of a higher education institute in south-west Virginia, USA, this methodology could be applied to any crosswalk in any country. By using a three-stage approach, researchers generated a comprehensive understanding of pedestrians’ needs and drivers’ expectations when approaching crosswalks. Some of the key takeaways from the current study are as follows:
1. With respect to RQ1, observed pedestrians were more likely to be distracted by social factors such as crossing in a group or talking with members of a group, than by technological factors such as PLDs or cellphones. It was also noted that pedestrians tended to overestimate their own abilities at avoiding risky behavior at crosswalks. This was realized by looking at the data from the naturalistic observations (Stage 1), and the survey (Stage 2) together. Therefore, efforts should be made to train pedestrians to adopt an individual mindset when approaching and using crosswalks. Efforts are also needed to make pedestrians aware of their disconnect from the environment due to the use of PLDs, so they may continue practicing cautionary behaviors and avoid risks throughout the crossing process.
2. With respect to RQ2, despite being a diverse population, there was a consensus on hand gestures and their intended meaning for pedestrian-vehicle interaction. This was determined through the naturalistic observations (Stage 1), and the focus groups (Stage 3), indicating that based on the local pedestrian culture, hand gestures could be standardized. In the future, standardized hand gestures could serve as a baseline for developing eHMIs in automated vehicles (SAE Level 4 and up) to improve pedestrian safety at unsignalized crosswalks.
3. With respect to RQ3, pedestrians preferred drivers to initiate communication at unsignalized crosswalks. This was identified through the survey (Stage 2) and the focus groups (Stage 3). Due to vehicles being larger in size than vulnerable road users, pedestrians reported feeling more comfortable when the driver-initiated communication. These findings show that drivers or automated vehicles (SAE Levels 4 and up) should clearly indicate their intentions first through the use of eHMIs when approaching unsignalized crosswalks. Yielding rules should be implemented so that vehicles are required to initiate communication to indicate yielding intent first.

6. LIMITATIONS AND FUTURE WORK

There are certain limitations in the current work that should be addressed. First, naturalistic observations for the current study were conducted during the COVID-19 pandemic causing a large portion of the student population to attend classes virtually. This led to a reduced number of observed foot and vehicular traffic. The survey stage also suffered from having fewer students being present on campus. It is possible that by repeating this study at a time where attendance is back to normal, new associations or trends might be found in regard to distracted pedestrian behavior at crosswalks. Second, it should be noted that the associations identified through the analysis of the data from the naturalistic observations stage does not indicate causation but only associations, and hence, it is not possible to answer if certain distractors caused certain behaviors. Third, no data was collected regarding assimilation of international students in Stage 2 or Stage 3; assimilation data such as time spent on campus or in south-west Virginia, USA, connections with cocultures, or connections with American students could provide explanations for international students’ expectations, knowledge of road rules and local hand gestures, and behaviors at crosswalks. Lastly, the current study did not control for any factors, and was focused on identifying existing trends in pedestrian behavior at crosswalks through naturalistic non-intervention observation. 

While technological distractors were observed to positively influence pedestrian behavior, it led to ambiguous crossing decisions at Location C due to environmental factors such as visual obstruction caused by a parked bus when it was present. It should be noted that technologically distracted pedestrians were more comfortable dropping their guard after initially checking for traffic, than were socially distracted pedestrians. This shows that their level of awareness is not consistent throughout the crossing process and may still be lower than those without any distractions. Therefore, this does not entirely negate the risk of being involved in an accident with an approaching vehicle. The current study is not able to address to what extent technological distractions, such as PLDs, affect pedestrians’ situation awareness. Future studies should focus on understanding the impact technological distractors have on pedestrian crossing behavior, especially at complex unsignalized crosswalks, where there is a blind spot present at the crosswalk. Future studies should also attempt to quantify the extent of degradation in auditory situation awareness from the use of PLDs. Identifying how crossing behavior and pedestrians’ situation awareness are affected through PLD or cellphone usage in the presence and absence of visual obstructions would be meaningful efforts towards that goal. Findings from such research efforts will help design intervention methods to inform distracted or impaired pedestrians about upcoming traffic and improve their general situation awareness at crosswalk and intersections.
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APPENDIX A

Q1. Do we have your consent to use your responses for the purposes of this research?
a) Yes
b) No

Q2. What gender do you identify as?
a) Male
b) Female
c) Other (please specify)
d) Prefer not to say

Q3. What is your age?
a) Below 18
b) 18-25
c) 26-35
d) 36-45
e) 46-55
f) 55-65
g) 65 and over

Q4. Please specify your ethnicity
e) Caucasian
f) African American
g) Latino or Hispanic
h) Asian
i) Native American
j) Native Hawaiian or Pacific Islander
k) Two or more
l) Other (please specify)
m) Unknown
n) Prefer not to say

Q5. Did you receive a numeric code to answer questions?
a) Yes
b) No

Q6. Which category best describes you?
a) Student
b) Faculty
c) University Staff
d) Academic Staff
e) Other (please specify)
Q7. What type of device do you most use to listen to music when walking on campus? 
a) Wireless earphones (AirPods, Powerbeats, etc)
b) Wired earphones
c) Wireless headphones
d) Wired headphones
e) Bone conduction earphones
f) None or others (please specify)
Q8. What genre of music do you enjoy listening to when walking on campus? Select all that apply.
a) Pop
b) Hip Hop
c) EDM
d) Rock
e) Jazz
f) Country
g) Rhythm and blues
h) Classical
i) Heavy metal
j) Others (please specify)

Q9. How often do you listen to music when walking on campus?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q10. Were you listening to music while crossing the crosswalk?
a) Yes
b) No

Q11. What genre of music were you listening to when crossing the crosswalk?
a) Pop
b) Hip Hop
c) EDM
d) Rock
e) Jazz
f) Country
g) Rhythm and blues
h) Classical
i) Heavy metal
j) Others (please specify)

[bookmark: bookmark=id.gjdgxs]Q12. How would you rate the volume at which you were listening to music when crossing?
a) 1 – 3 (low – can hear others talking around you, as well as environmental sounds)
b) 4 – 7 (medium – can hear others talking around you, but not environmental sounds)
c) 8 – 10 (high – cannot hear others talking around you or environmental sounds)

Q13. Was there any signal present at this crosswalk?
a) Yes
b) No

Q14. Did you follow the signal?
a) Yes
b) No

Q15. Why did you not follow the signal?

Q16. How often do you check both sides of the street before crossing?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q17. How often do you check both sides of the street after you have started crossing?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q18. Did you encounter a vehicle when crossing?
a) Yes
b) No

Q19. Did you initiate any form of communication with the driver?
a) Yes
b) No
c) Do not remember

Q20. Which describes your form of communication best? Select all that apply.
a) Eye contact
b) Hand gestures (e.g., waving, thumbs up, thanking them)
c) Stepping onto the crosswalk
d) Others (please specify)

Q21. If you encounter a vehicle when crossing, do you initiate communication with the driver?
a) Yes
b) Sometimes
c) No
d) Do not remember

Q22. Which of the following is your preferred method of communication with the driver? Select all that apply.
a) Eye contact
b) Hand gestures (e.g., waving, thumbs up, thanking them)
c) Stepping onto the crosswalk
d) Others (please specify)

Q23. Did the driver initiate any form of communication with you?
a) Yes
b) No
c) Do not remember

Q24. Which describes the form of communication from the driver best? Select all that apply.
a) Eye contact
b) Hand gestures (e.g., waving, thumbs up, thanking them)
c) Slowing down to let you cross
d) Flashing headlights
e) Others (please specify)

Q25. Were you crossing alone, with a friend (1 other person), or in a group (2 or more)?
a) Alone
b) With a friend
c) In a group

Q26. Do you wish to be entered into a random draw to receive 1 of 10 Amazon gift cards worth $10 for completing this survey?

a) Yes
b) No
c) Maybe

Q27. Please enter your email address to enter the random draw for a $10 Amazon gift card.

Q28. Do you wish to be considered for a focus group regarding this research? You will be compensated with a $10 Amazon gift card.
a) Yes
b) Maybe
c) No

Q29. Please enter your email address to be considered for the focus group.

APPENDIX B
Q1. Do we have your consent to use your responses for the purposes of this research?
a) Yes
b) No

Q2. What gender do you identify as?
a) Male
b) Female
c) Other (please specify)
d) Prefer not to say

Q3. What is your age?
a) Below 18
b) 18-25
c) 26-35
d) 36-45
e) 46-55
f) 55-65
g) 65 and over

Q4. Please specify your ethnicity
a) Caucasian
b) African American
c) Latino or Hispanic
d) Asian
e) Native American
f) Native Hawaiian or Pacific Islander
g) Two or more
h) Other (please specify)
i) Unknown
j) Prefer not to say
Q5. What type of device do you most use to listen to music when walking on campus? 
a) Wireless earphones (AirPods, Powerbeats, etc)
b) Wired earphones
c) Wireless headphones
d) Wired headphones
e) Bone conduction earphones
f) None or others (please specify)

Q6. Do you think your use of air conduction (AC) or bone conduction (BC) earphones will affect your behavior when crossing the street? Please explain your answer.

Q7. How often do you listen to music when walking on campus?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q8. Do you listen to non-music media through earphones, like podcasts or audiobook when walking on campus? If so, how often?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q9. At what volume, do you listen to music or other media (on a scale of 1-10, with 1 being lowest, and 10 being the highest level)
a) 1 – 3 (low – can hear others talking around you, as well as environmental sounds)
b) 4 – 7 (medium – can hear others talking around you, but not environmental sounds)
c) 8 – 10 (high – cannot hear others talking around you or environmental sounds)

Q10. Do you feel listening to music affects your emotional state, and does that influence your crossing behavior? Please explain your answer.

Q11. If crossing a street (on campus) which is signalized (Location D), how often do you follow signs? 
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q12. What is/are your reason(s) for not following the signs?

Q13. If crossing a street (on campus) which is not signalized, how often do you look left or right before crossing? 
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never

Q14. What is/are your reason(s) for not looking left or right?

Q15. Do you think you exhibit the same behavior while using earphones? Please explain your answer.

Q16. If you come across a car when attempting to cross a street (on campus), do you prefer to initiate communication, or prefer the driver initiate it to decide who goes first? Please explain your answer.

Q17. What form of communication as a pedestrian do you prefer the most?
a) Eye contact
b) Hand gestures (e.g., waving, thumbs up, thanking them)
c) Slowing down to let you cross
d) Flashing headlights
e) Others (please specify)

Q18. Describe your road crossing behavior if crossing with friend(s).

Q19. Describe your road crossing behavior if crossing with strangers but as a group.

Q20. As a driver, how often do you yield to pedestrians?
a) Always
b) Most of the time
c) About half the time
d) Sometimes
e) Never, or I do not drive

Q21. As a driver, please explain your answer further by identifying factors you use to make the decision to yield (your speed, your distance from the crosswalk, distance of pedestrians from the crosswalk, etc.)

Q22. As a driver, do you prefer to initiate communication with the pedestrian at a crosswalk, or do you prefer they do so first?
a) I prefer to initiate communication
b) I prefer if the pedestrian initiates communication

Q23. As a driver, what is your preferred method of communication? For example, through eye contact only, through hand gestures, using headlights, etc. Pease explain your answer.

Q24. As a driver, what form of communication do you expect from the pedestrian?
a) Eye contact
b) Hand gestures (e.g., waving, thumbs up, thanking them)
c) Verbal communication
d) Stepping onto the crosswalk to show intent
e) Others (please specify)

Q25. As a driver, please perform the hand gestures you expect from pedestrians to mean the following.
a) Please yield, I would like to cross
b) You may pass first
c) Show gratitude
d) Show anger or displeasure
e) Any other scenarios (please specify) 
Frequencies of Left/Right Check

Before Crossing	Always	Most times	Half times	Some times	Never	76.52	19.7	3.03	0	0.76	After Beginning to Cross	Always	Most times	Half times	Some times	Never	46.21	32.58	7.58	10.61	3.03	
% of use




Percentages of Communication Initiation

Observed Pedestrians	Yes	No	53.4	46.5	Unobserved Pedestrians	Yes	No	82.5	17.5	
% of use




Percentages of Forms of Communication

Observed Pedestrians	Explicit	Implicit	50	50	Unobserved Pedestrians	Explicit	Implicit	43.8	56.2	
% of use
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