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Abstract 7 

Appropriate communication between road users can lead to safe and efficient interactions in 8 

mixed traffic. Understanding how road users communicate can support the development of 9 

effective communication methods for automated vehicles. We carried out observations of 66 10 

pedestrian-driver and 124 driver-driver interactions in a shared space setting. Specific 11 

actions and reactions of the road users involved were recorded using a novel observation 12 

protocol. Overall, results showed that pedestrians’ failure to look towards a driver created the 13 

greatest uncertainty in the interaction, with the driver slowing down, but not completely 14 

stopping, in response to pedestrians. Looking towards the driver also influenced which road 15 

user took priority in driver-driver interactions. Groups of pedestrians were more likely to be 16 

given priority than an individual pedestrian, and the use of vehicle-based signals were also 17 

associated with taking priority during an interaction. Our observations show the importance 18 

of non-verbal communication during road user interactions, highlighting it as an essential 19 

area of research in the development of automated vehicles, to allow their safe, cooperative, 20 

interactions with other road users. Observations were made on a limited number of 21 

interactions to inform challenges facing future automated vehicles. Further work should 22 

therefore be done to corroborate and extend our findings, to examine interactions between 23 

human road users and automated vehicles in shared space settings. 24 

 25 
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 28 

1. Introduction 29 

Road traffic injuries are the eighth leading cause of death globally, and the first for people 30 

aged between 5 and 29 years (World Health Organization, 2018). Approximately 1.35 million 31 

people are killed on the world’s roads each year. More than half of these deaths are 32 

amongst vulnerable road users, including pedestrians (World Health Organization, 2018). 33 

Reducing road traffic casualties is a target for many national and international agencies (e.g. 34 

World Health Organization, 2015) and is particularly important if goals to encourage greater 35 

active travel are to be realised (Department for Transport, 2017; European Cycling 36 

Federation, 2017). 37 

Communication between road users plays a significant role in road safety. For pedestrians, 38 

for example, information about a driver’s intentions, actions, and planned behaviour is 39 

important if the pedestrian is to assess the driver’s actions safely and accurately (e.g. 40 

Hamilton, Waterson & Snell, 2014). Research suggests that failure to understand a driver’s 41 

behaviour may increase a pedestrian’s risk of being involved in a collision. For example, 42 

Otte, Jansch and Haasper (2012) found that more than half of the 475 pedestrian collisions 43 

they analysed were caused by a lack of safety-critical information being signalled to, or 44 

recognised, by the pedestrian. An analysis of the underlying causes related to pedestrian 45 
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collisions showed “faulty diagnosis” was an important factor in pedestrian collisions. This 46 

meant that pedestrians had incorrectly assumed that they had been noticed by drivers 47 

(Bjorkman et al, 2008). Other research has also confirmed the significance of 48 

misinterpretation as a cause of collisions and incidents involving pedestrians. Habibovic and 49 

Davidsson (2012) examined the causes of collisions involving vulnerable road users (VRUs) 50 

and found that in 70% of cases, the VRU had seen the conflict vehicle but had 51 

misunderstood the traffic situation or made an inappropriate plan of action. Habibovic and 52 

Davidsson (2012) concluded that helping VRUs correctly understand traffic situations is 53 

essential for improving road safety. 54 

In a mixed road setting, successful communication is essential, not only for good traffic flow 55 

and safe pedestrian-driver interactions, but also for driver-driver interactions. The importance 56 

of nonverbal communication for safe interactions between drivers has been known for 57 

decades, with Shor (1964), suggesting the nonverbal communication of driver intentions 58 

emerges out of shared social expectations in different situations, with problems arising when 59 

drivers do not have shared expectations. For instance, communication signals between 60 

drivers can be ambiguous, leading to potential conflicts, and reducing safety if they are 61 

misinterpreted (Risser, 1985). Vehicle-based signals are important between drivers, to show 62 

intent and planned behaviour, for example when using the left or right indicator signal to 63 

change lanes (Kauffmann et al, 2018). However, vehicle-based signals and nonverbal 64 

communication between drivers can be interpreted in different ways, which can impact on 65 

the potential safety of interactions. This is illustrated by cross-cultural variations in the 66 

interpretation of gestures. For example, the honk of a horn may be considered as an 67 

expression of anger or irritation in some countries, but in China it is frequently used as a 68 

friendly greeting, and in Southern Europe the same signal may be used alongside a rapid 69 

acceleration when a driver is merging into a gap in a lane of traffic (Farber, 2016). Receiving 70 

feedback about driving behaviour from other drivers is shown to reduce driving violations 71 

(Wang et al, 2015), and successful communication between drivers is thought to lead to a 72 

more positive social driving climate and safer interactions (Zaidel, 1992). 73 

Understanding how pedestrians and drivers communicate in an urban environment can help 74 

us understand how to improve the safety of pedestrian-driver and driver-driver interactions. 75 

The successful integration of automated vehicles (AVs) into the road transport system also 76 

requires a good understanding of how pedestrians and drivers communicate, and 77 

subsequently interact, with these new forms of transport. The Society of Automotive 78 

Engineers (SAE) currently provides a six-stage taxonomy of driving automation (SAE levels 79 

0 to 5), where from SAE level 3 onwards, and based on the particular operational design 80 

domain, the vehicle (rather than driver) undertakes all aspects of driving control, including 81 

object and event detection and response (SAE International, 2018). Therefore, it can be 82 

argued that occupants of higher level automated vehicles are not necessarily required to 83 

attend to the events of the road, and may, therefore, not engage in any communication with 84 

other road users during conflict situations, for example when they are sharing the same road 85 

space. It can also be envisaged that SAE Level 4 and 5 vehicles may travel without any 86 

occupants at all. Therefore, understanding how interactions between road users currently 87 

unfold will provide insights into the interaction strategies and communication requirements of 88 

AVs in the future. 89 

In recent years, a growing body of research has focussed on the use of external Human-90 

Machine Interfaces (eHMI) for communicating the intentions or behaviour of AVs (e.g. 91 

Habibovic et al, 2018; Clamann, Aubert & Cummings, 2015; Deb, Strawderman & Carruth, 92 

2018, Hensch et al, 2019; Rettenmaier, Albers & Bengler, 2020). However, findings within 93 

this research area are mixed. For example, Clamann, Aubert & Cummings (2015) examined 94 
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the effect of three different eHMI signals used to communicate with a pedestrian about to 95 

cross a road. These signals were intended to provide information to support the pedestrian’s 96 

decision making, regarding whether or not to cross the road. No effect on response times to 97 

cross were found for the three different signals, and vehicle behaviour (speed and braking 98 

profile) was found to be more important. In contrast, however, Mahadevan et al. (2018) 99 

reported that pedestrians preferred to receive explicit information about a vehicle’s intentions 100 

via an eHMI, rather than deducing the vehicle’s intentions from its motion cues. Therefore, a 101 

first step in helping resolve some of the discordant findings within research into automated 102 

vehicle communication is to understand how communication and interactions currently take 103 

place between human road users in a real world setting, to ensure these new forms of 104 

technology provide the right, and most clearest, information to all road users (Schieben et al, 105 

2019). 106 

Previous work has shown that the interaction between pedestrians and drivers is influenced 107 

by the behaviour of other road users (Rosenbloom, 2009), the speed and stopping distance 108 

of vehicles (Sun et al, 2015), as well as pedestrian/driver demographics (e.g. Tom & Granie, 109 

2011). Studies have also highlighted the use of non-verbal communication cues during 110 

pedestrian-driver and driver-driver interactions. For example, Sucha, Dostal & Risser (2017) 111 

found that signals provided by the driver, such as eye contact, hand waving, or flashing the 112 

vehicle lights were important factors in determining whether a pedestrian decided to cross at 113 

a marked crossing. Rasouli, Kotseruba & Tsotsos (2017) found that, before crossing a non-114 

signalised crosswalk, pedestrians looked at an approaching car in more than 90% of cases, 115 

and provided some form of explicit communication in 15% of cases, such as nodding or 116 

using a hand gesture. However, whether the pedestrian actually chose to cross also 117 

depended on other factors, including the driver’s response. For example, pedestrians were 118 

more likely to cross if the driver acknowledged their intention to cross, by slowing down, or 119 

stopping the vehicle. This highlights the importance of reciprocal communication between 120 

road users during an interaction, in determining how that interaction unfolds – to understand 121 

such reciprocal communication, we need to observe the actions and reactions of different 122 

road users. 123 

Most previous studies of pedestrian-driver and driver-driver interactions (e.g.  Sucha, Dostal 124 

& Risser, 2017; Rosenbloom, 2009; Salamati et al, 2013) have been conducted on relatively 125 

regulated road sections, with well-understood road rules and formal, universally accepted 126 

guidelines (for example, as designated by the Highway Code in the United Kingdom – 127 

Department for Transport, 2018). The value of these rules is that they potentially reduce the 128 

likelihood of uncertainties in interactions. For example, drivers are expected to give way to 129 

pedestrians waiting to cross at designated locations, such as zebra crossings. Likewise, a 130 

driver approaching the main road from a side road is required to wait for an appropriate gap 131 

in traffic, since the right of way is with the drivers on the main road. However, interactions 132 

between road users are likely to be more uncertain and ambiguous in un-signalised road 133 

sections, where there are no clear rules of the road or behavioural norms (Kaparias et al, 134 

2012). It can be argued that future AVs may benefit from some type of eHMI in such 135 

scenarios, which may communicate the planned actions of the vehicle to other road users, 136 

and reduce uncertainty during an interaction. Research is therefore required to further 137 

understand pedestrian-driver and driver-driver interactions in such environments, which are 138 

not formally governed by rules and standards. 139 

Shared spaces are a good example of traffic environments that do not function based on 140 

formal rules and standards. The shared space concept is an urban design approach where 141 

different types of road users move and interact with each other on the basis of informal 142 

social protocols and negotiation (Hamilton-Baillie, 2008). Interactions in shared spaces 143 
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normally take place between low speed vehicles and other road users, in potentially 144 

ambiguous situations, where the intended actions of either driver or pedestrian are unclear, 145 

and it is not obvious who has priority. Shared spaces are commonly seen as specifically 146 

designed and engineered to promote safe interaction between different types of road users. 147 

They may use specific design principles, such as limited demarcation between roads and 148 

footpaths, restriction of vehicle speeds through street design, and clearly marked access 149 

points to the shared space (Karndacharuk, Wilson & Dunn, 2014). Despite a growth in 150 

popularity of the concept of specifically-designed shared spaces (as evidenced by the 151 

introduction of specific transport planning guidance related to shared spaces, e.g. 152 

Department for Transport, 2011), they remain relatively uncommon in urban contexts. Car 153 

parks (also known as parking lots in North America), however, represent a common example 154 

of a shared space, due to the use of social protocols and negotiation during interactions 155 

between drivers (searching for, or leaving, a parking space) and pedestrians (travelling to, or 156 

from, their vehicle). Car parks therefore provide an important, but under-researched, context 157 

for understanding interactions between different road users. 158 

Shared spaces (including car parks) are associated with lower vehicle speeds, and these 159 

lower speeds have been shown to lead to more conflicts between road users (Salamati et al, 160 

2013), where a conflict is defined as “an observational situation in which two or more road 161 

users approach each other in space and time to such an extent that a collision is imminent if 162 

their movements remain unchanged” (Svensson, 1998). However, it can also be argued that 163 

shared spaces, such as car parks, may lead to a reduction in conflicts. This can be due to 164 

increased vigilance and better cooperation between road users, to manage the higher 165 

number of likely interactions (e.g. Kaparias et al, 2013). Such shared spaces, therefore, 166 

provide a valuable context in which to study pedestrian-driver and driver-driver interactions, 167 

to understand how potential conflicts are resolved between the two types of road user. 168 

With regards to designing more successful communication strategies for future AVs, this 169 

type of observation can be useful for understanding how priority is determined during 170 

conflicts between different road users. This knowledge may, for example, help avoid 171 

deadlock situations, where a lack of communication prevents either actor from moving 172 

forward (Imbsweiler et al, 2018). Shared space settings have been highlighted as an 173 

important scenario to be understood when considering the introduction AVs into mixed 174 

traffic, and the behaviour of AVs in a shared space is an important research question (Parkin 175 

et al, 2018). Therefore, a first step towards addressing this research question is to 176 

investigate the interactions between existing road users in such a setting. 177 

To further investigate the factors which determine how priority is established between 178 

different road users in a shared space, this study used a bespoke observation protocol 179 

(Dietrich et al, 2018) to investigate road-user behaviour in a railway station car park in 180 

Leeds, UK. One key aim of the study was to establish how behaviours in the initial phase of 181 

an interaction were associated with the final outcome of the interaction. The study was part 182 

of the wider EU-funded project ‘interACT’ (grant number 723395), the overall goal of which 183 

was to understand current road user interactions, and apply this knowledge to AV strategies 184 

for communication and interaction. Specifically, our two main research questions were: 1) 185 

How are behaviours in the initial phases of an interaction, such as looking and hand signals, 186 

related to the latter phases of that interaction; and 2) What are the factors that determine 187 

which road user takes priority in an interaction?  188 

 189 

2. Method 190 
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2.1 Observation site 191 

As part of the European interACT project, observations were recorded at three European 192 

locations (Leeds, UK; Athens, Greece; Munich, Germany). This paper presents a detailed 193 

analysis of observations and their sequencing at only the Leeds location, to focus on 194 

interactions within a shared space and in a specific cultural context. A summary of 195 

observations across the three locations can be found in Lee et al (2019). For the purposes of 196 

this study, an interaction was defined as a situation when one road user may need to react in 197 

response to another road user (see Dietrich et al, 2018, for further details on definition of 198 

interaction in the wider context of this research, and see Markkula et al, 2020, for a more 199 

detailed conceptual framework in relation to the definition of interactions between road 200 

users). 201 

A medium-sized car park located at the central railway station in Leeds, United Kingdom, 202 

was selected as the observation site (see Figure 1). As this location was at a busy city-203 

centre railway station, with high footfall due to people leaving and entering the railway station 204 

via the car park, it provided a high frequency of both pedestrian-driver and driver-driver 205 

interactions, at low speeds (generally below 25 km/h). It was also considered a shared 206 

space due to the relatively high volumes of both pedestrians and vehicles. The car park was 207 

observed across eight two-hour sessions, between the 5th and the 8th December, 2017, with 208 

morning observations occurring between 9:30am and 11:30am, and afternoon observations 209 

occurring between 2:30pm and 4:30pm. All observations were carried out during daylight. A 210 

GoPro camera was also positioned at an elevated location on the roof of an adjacent 211 

building. The camera had a field of view covering the entire area of the car park and was 212 

used to record vehicle and pedestrian behaviours during the observation periods. 213 

 214 

Figure 1. (Left) Overhead satellite image of observation site. (Right) 3-dimensional image of observation site, with 215 
directional arrows showing general flow of vehicle traffic through car-park. Letter ‘A’ indicates observer position. 216 
Map and imagery data © 2019 Google. 217 

 218 

2.2 Procedure 219 

Two observers were positioned at location A in Figure 1. This position reduced the likelihood 220 

of the observers influencing the interactions of the other road users. Field observers were 221 

used to capture as much information as possible from the road user interactions, including 222 
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aspects of the interaction that may not be apparent or visible from video recordings, such as 223 

gestures or head movements that may be obscured from a camera’s viewpoint. Having field 224 

observers close to the location of any interaction helped improve the accuracy of the 225 

behavioural observations, compared with, for example, viewing only a video captured from a 226 

remote location. 227 

Each observer was equipped with a tablet, loaded with an html-based app for logging details 228 

of the interactions observed (see Figure 2). The app allowed observers to record a range of 229 

different actions and information (see Table 1), including the sequence in which these 230 

actions took place. The actions and categories of information that could be recorded were 231 

developed from an initial exploratory pilot study designed to identify common observations 232 

and behaviours. Observers were also able to provide free-text notes about their observations 233 

to describe any ambiguities of the recorded categorical information. The app also allowed 234 

observers the ability to provide pictorial representations of the interactions observed, 235 

marking the initial placement and direction of movement for the interacting participants.  236 

The app allowed observers to record details of an interaction as it unfolded. in real time. This 237 

app was developed as part of the wider EU-funded interACT project. Further details about 238 

the app are given in Dietrich et al (2018). Previous studies of road-user interactions have 239 

used similar observational methods, with field observers recording details of behaviours, e.g. 240 

at pedestrian crossings (Rosenbloom, 2009) and in urban areas (Sucha, Dostal & Risser, 241 

2017). Other methodological approaches include using video recordings to collect data 242 

about interactions (Kaparias et al, 2015), or surveys, to assess self-reported behaviours (e.g. 243 

Sisiopiku & Akin, 2003). The observation protocol in the current study used direct field 244 

observations made in real time, but these were supported by subsequent annotations and 245 

diagrams by the observers to adequately describe the interactions. All interactions were 246 

recorded on video by the GoPro camera, positioned at an elevated location above the car 247 

park. The video recordings were not used to directly code the data, which was done by the 248 

field observers in real time. However, the videos allowed verification of the original coding 249 

and behaviours recorded by the field observers, particularly when the sequencing and nature 250 

of interactions was unclear from the data recorded through the HTML app. The use of the 251 

recording app, and the assignment of one observer to each actor in the interaction, allowed 252 

the detailed recording of event sequences. 253 

Ethical approval for the study was obtained from the University of Leeds Ethics Committee 254 

(AREA 17-010). 255 

 256 
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 257 

Figure 2. Screenshot from html-based app used for recording events and information related to each observed 258 
interaction for driver-driver interactions. Similar interface used for logging pedestrian-driver interactions. 259 

 260 

 261 

 262 

Table 1. Categories of information recorded about each observed pedestrian-driver and driver-driver interaction 263 
via the html-based app. 264 

Interaction 
type 

Broad 
category 

Specific action / 
information 

Description 

Pedestrian – 
Vehicle 

General 
information 

Weather Weather conditions at time of interaction 

Individual or 
group of 
pedestrians 

Whether an individual or group of pedestrians 
were involved in the interaction 

Gender of 
pedestrian/s 

Gender of pedestrian/s 

Potential 
distraction of 
pedestrian/s 

Whether pedestrian was potentially distracted, 
e.g. using mobile phone 

Additional notes Any additional comments or notes about the 
interaction 

Pedestrian 
analysis 

Hand movements Whether pedestrian/s used any hand 
movements 

Head movements Whether pedestrian/s turned their head at any 
point or looked straight ahead 

Looking at other 
road user 

Whether pedestrian/s looked at the driver / 
vehicle involved in the interaction 

Movement and 
position 

Relative movement and position of pedestrian, 
e.g. accelerating or decelerating, stopped, left 
or right of vehicle, whether they passed the 
vehicle 

Vehicle / 
Driver 
analysis 

Hand movements Whether driver used any hand movements 

Head movements Whether driver turned their head at any point 
or looked straight ahead 

Vehicle type Type of vehicle, e.g. car, van 

Scenario General description of the situation, e.g. 
vehicle was entering or leaving car park, 
entering or leaving a parking space 
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Use of signals Whether driver used any explicit signals such 
as flashing headlights or honking horn 

Vehicle 
movement 

Relative movement and position of vehicle, 
e.g. accelerating / decelerating, keeping pace, 
stopped for pedestrian 

Vehicle – 
Vehicle 

General 
information  

Weather Weather conditions at time of interaction 

Direction of 
approach (vehicle 
2 relative to 
vehicle 1) 

Whether vehicle 2 approached vehicle 1 from 
front / back / left / right 

Vehicle type (1 
and 2) 

Type of vehicle, e.g. car, van 

Additional notes Any additional comments or notes about the 
interaction 

Vehicle / 
Driver 
analysis 
(recorded 
separately 
for vehicle 1 
and vehicle 
2) 

Hand movements Whether driver used any hand movements 

Head movements Whether driver turned their head at any point 
or looked straight ahead 

Use of signals Whether driver used any explicit signals such 
as flashing headlights or honking horn 

Vehicle 
movement 

Relative movement and position of vehicle, 
e.g. accelerating / decelerating, keeping pace, 
stopped for pedestrian 

 265 

 266 

 267 

2.3 Recording interactions 268 

For pedestrian-driver interactions, one of the observers identified a pedestrian who was 269 

likely to interact with a vehicle, based on their trajectory and the trajectories of nearby 270 

vehicles. The selection of this pedestrian was also indicated to the other observer. One of 271 

the observers then began recording the actions and events related to the pedestrian, while 272 

the other recorded those related to the driver and vehicle. A similar process was carried out 273 

for driver-driver interactions – one observer initially selected a vehicle for observation, prior 274 

to the vehicle signalling or changing trajectory. This observer recorded the actions and 275 

details related to that driver and vehicle (referred to as Vehicle 1 in this paper). The second 276 

observer focused on the vehicle that was about to interact with Vehicle 1 (this vehicle is 277 

referred to as Vehicle 2 in this paper). Therefore, for both pedestrian-driver and driver-driver 278 

interactions, each observer focused only on one of the parties involved in the interaction. 279 

This ensured no details were missed during the interaction due to divided attention. 280 

Interactions took place across the whole observation location and not in one specific place. 281 

The central position of the observers allowed them to have a good view of any interactions 282 

taking place within the car park area. 283 

As the pedestrians and vehicles of interest were selected in advance, in some cases they 284 

did not end up interacting with one another. In those situations, the observation was not 285 

saved, so only situations in which an interaction occurred were included in the analysis. In 286 

other situations, it is possible that a pedestrian and vehicle, or two vehicles, may have had 287 

an unexpected interaction, which was not anticipated by the observers based on their initial 288 

trajectories, or which started before the observers had seen one of the interaction parties. 289 

These situations were also excluded if the full interaction process had not been observed, as 290 

it was deemed important to capture the whole movement pattern of both interaction parties. 291 

The aim of the study was to provide an exploratory snapshot of the typical interactions which 292 

occurred in this type of shared space setting. Although it is possible that some interactions 293 



9 
 

were missed, the range of locations and interaction types which were observed provide 294 

confidence that the typical interaction characteristics for this location were captured. 295 

The actions and events related to each road user were recorded for the immediate periods 296 

before and after the interaction, as well as during the interaction itself, to capture precursor 297 

and subsequent behaviours. This procedure was practiced extensively in a number of pilot 298 

observations. Following completion of the interactions, the observers conferred to verify the 299 

accuracy of their recordings, and the sequencing of events. 300 

Sixty six pedestrian-driver and 124 driver-driver interactions were observed using the 301 

procedure described above. Summary information about these interactions is given in Table 302 

2. Although the sample of 190 interactions is relatively limited, it provides a rich body of data 303 

containing extensive, sequential information about the actions and reactions of road users 304 

during those interactions.  305 

 306 

 307 

 308 

 309 

 310 

Table 2. Descriptive details of pedestrian-driver and driver-driver interactions. 311 

Interaction type Details Value 
Pedestrian-Driver Estimated age of 

pedestrian/s* 
18-30 = 39% 
31-60 = 61% 
61+ = 6% 

Individual or Group Individual = 73% 
Group = 27% 

Gender of 
pedestrian/s 

Male (individual or group) = 50% 
Female (individual or group) = 24% 
Male and female (group) = 26% 

Scenario (vehicle) Driving through car park* = 70% 
Entering parking space = 17% 
Leaving parking space = 13% 

Weather Sunny = 42% 
Overcast = 55% 
Other = 3% 

Driver-Driver Vehicle type Car = 95% 
Van / Truck = 2% 
Not recorded = 3% 

Vehicle 2 approach 
to Vehicle 1 

From behind = 36% 
From front = 15% 
From left / right = 49% 

Weather Sunny = 16% 
Overcast = 76% 
Other = 8% 

 * Vehicles driving through car park were generally either attempting to pick up or drop off a 312 
passenger, or were looking for a vacant parking space 313 

 314 

 315 
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2.4 Analysis 316 

The main variable of interest in our analysis was the outcome of the interaction. This was 317 

defined in two ways. The first was the movement behaviour of the vehicles involved in the 318 

interaction – whether they 1) Maintained their speed throughout the interaction, not stopping 319 

or decelerating; 2) Decelerated during the interaction, but without coming to a complete stop; 320 

3) Stopped completely during the interaction. The second approach to defining the outcome 321 

of the interaction was in terms of which road user took priority. Here, the road user assigned 322 

as taking priority was the one that passed in front of the other road user, after the other road 323 

user had adjusted their path (e.g. slowing and stopping) to allow this. 324 

The outcome of the interaction was compared against other actions and factors related to 325 

the road users involved. For example, for pedestrian-driver interactions, we examined 326 

whether the pedestrian looked at the driver / vehicle. For driver-driver interactions, looking 327 

behaviour was again compared against the outcome of the interaction. The use of signals, 328 

by either driver was also compared against the outcome of the interaction. 329 

Frequencies of head and hand movements used by pedestrians and drivers during their 330 

interactions are also reported. 331 

We provide cross-tabulations of the various actions and reactions observed during 332 

pedestrian-vehicle and vehicle-vehicle interactions, reporting both observed and expected 333 

counts. Since the expected counts in some of the cells of these cross-tabulations were less 334 

than five, Fisher’s exact test has been used to assess whether there are significant 335 

interactions between the different categories of behaviour. Adjusted standardised residuals 336 

(ASRs) are reported to aid interpretation of these cross-tabulations. Convention suggests 337 

ASRs greater than two indicate the observed count in a cell significantly differs from the 338 

expected count (Sharpe, 2015). Due to the exploratory nature of this study, we also highlight 339 

potential trends suggested within cross-tabulations but where ASRs may be less than two, 340 

although caution should be taken in making firm conclusions about any such trends. 341 

Cramer’s V is reported as a measure of effect size, for those cross-tabulations that show a 342 

significant interaction between variables. 343 

 344 

3. Results 345 

3.1 Pedestrian – Driver interactions 346 

Sixty-six pedestrian-driver interactions were observed. The mean duration of these 347 

interactions (from the points at which the observers started and stopped recording the 348 

actions of those involved in the interaction) was 7.9 seconds (standard deviation = 4.6 349 

seconds). The majority of interactions (67%) took place as the vehicle was driving through 350 

the car park, with fewer interactions taking place when the vehicle was entering a parking 351 

space (15%) or leaving a parking space (12%). The type of scenario (e.g. driving through car 352 

park or entering / leaving a parking space) was not recorded for a small proportion (11%) of 353 

interactions. Some type of vehicle-based signal, such as a flash of headlights, turn indicator 354 

or horn, was used in 11% of interactions. 355 

 356 

Use of hand and head movements 357 

For all observed interactions, it was possible to observe whether the pedestrian used hand 358 

or head movements. However, it was not possible to observe the driver’s hands or head in 359 
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14 of the 66 interactions, therefore, percentages reported for drivers in this section exclude 360 

these 14 interactions, for which data could not be recorded. 361 

Hand movements were used by the pedestrian in 17% of interactions, and by the driver in 362 

12% (6 out of 52) of interactions. These tended to be used as a thank you to the other road 363 

user, or to indicate right of way. Head movements (turning to the left or right) were used by 364 

pedestrians in 42% of interactions. Drivers used a head movement in 83% (43 out of 52) of 365 

interactions. The large majority of these driver head movements involved them turning to 366 

look towards the pedestrian (81% of head-turns by the driver, or 42 out of 52, were towards 367 

the pedestrian involved in the interaction).  368 

 369 

Looking at the vehicle and driver 370 

The coding structure for observations allowed observers to record whether a pedestrian 371 

looked directly at a driver, and this occurred in 32% of interactions. It was not always 372 

possible to accurately confirm whether the pedestrian looked directly at the driver.  If there 373 

was uncertainty about whether the driver was actually looked at directly, the coding structure 374 

allowed observers to record whether the pedestrian looked in the general direction of the 375 

driver and their vehicle.  This was recorded for 38% of interactions. These two categories 376 

were collapsed into one for subsequent analysis, labelled ‘looking towards the driver’, 377 

because, even when the observer could not confirm for certain whether the pedestrian 378 

looked directly at the driver, it was reasonable to assume the pedestrian was looking in the 379 

driver’s general direction. Pedestrians looked towards the driver in 65% of interactions. 380 

 381 

Does looking towards the driver result in a different type of interaction outcome? 382 

To establish if driver behaviour was influenced by the pedestrian’s looking behaviour, we 383 

coded observed vehicle response into three categories: i) no change in speed ii) a 384 

deceleration, without coming to a complete stop, or iii) stopping completely. Table 3 shows 385 

the observed counts of each category of interaction, as well as expected counts, based on 386 

row and column totals, and the adjusted standardised residuals for observed vs expected 387 

counts. Adjusted standardised residuals are presented as unadjusted residuals are relatively 388 

conservative (see Everitt, 1992).  389 

A Fisher’s exact test on these data showed a significant association between a pedestrian’s 390 

looking behaviour and the driver’s behaviour, during their interaction (p = .019, Cramer’s V = 391 

0.36). Examination of the observed and expected counts, and their associated ASRs, 392 

suggests that: not looking towards the driver was associated with an increased likelihood 393 

that the driver would decelerate, whereas looking towards the driver was associated with a 394 

slightly increased likelihood the driver would either continue at the same speed or come to a 395 

complete stop. 396 

 397 

Table 3. Observed counts, expected counts, and adjusted standardised residuals when comparing pedestrian 398 
looking behaviour against driver behaviour. 399 

  Driver behaviour 

  Maintained 
speed without 
decelerating or 

stopping 

Decelerated but 
did not come to 
complete stop 

Stopped 
completely 
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Pedestrian 
did not look 
towards the 
driver 

Observed count 4 15 4 
Expected count 6.6 9.4 7.0 
Adjusted standardised 
residual 

-1.50 2.94 -1.67 

Pedestrian 
looked 
towards the 
driver 

Observed count 15 12 16 
Expected count 12.4 17.6 13.0 
Adjusted standardised 
residual 

1.50 -2.94 1.67 

 400 

Which road user was given ‘priority’ in the interaction was also examined, based on whether 401 

or not the pedestrian looked at the vehicle / driver. A road user was defined as being given 402 

‘priority’ if they were allowed to continue with their movements, whilst the other road user in 403 

the interaction waited for them to complete these movements. For example, if the driver 404 

stopped and allowed the pedestrian to cross in front of them, priority was allocated to the 405 

pedestrian in this situation. A small proportion of interactions (15%) did not involve either 406 

road user having priority, for example if neither the driver nor pedestrian had to adjust or halt 407 

their movements. In 65% of interactions it was the pedestrian who took priority, compared 408 

with only 20% of interactions where the driver took priority. 409 

Table 4 shows the observed and expected counts of interactions, where pedestrian looking 410 

behaviour towards the driver was considered, when establishing who was given priority 411 

during the interaction. A Fisher’s exact test suggested no significant association between 412 

where the pedestrian looked and which road user in the interaction took priority (p = .802, 413 

Cramer’s V = 0.07). 414 

 415 

Table 4. Observed counts, expected counts, and adjusted standardised residuals when comparing pedestrian 416 
looking behaviour against priority. 417 

  Priority 

  Neither 
pedestrian or 

vehicle 

Pedestrian Driver 

Pedestrian 
did not look 
towards the 
driver 

Observed count 4 14 5 
Expected count 3.5 15.0 4.5 
Adjusted standardised 
residual 

0.37 -0.53 0.31 

Pedestrian 
looked 
towards the 
driver 

Observed count 6 29 8 
Expected count 6.5 28.0 8.5 
Adjusted standardised 
residual 

-0.37 0.53 -0.31 

 418 

 419 

Are groups of pedestrians associated with a different type of interaction with drivers than 420 

individual pedestrians? 421 

Driver behaviour during the interaction, in terms of whether they decelerated in response to 422 

the pedestrian, stopped for the pedestrian, or did neither, was compared for interactions that 423 

involved either individual pedestrians or groups of pedestrians. Table 5 shows the observed 424 

and expected counts in each of these categories. A Fisher’s exact test suggested no 425 

significant association between number of pedestrians and subsequent driver behaviour (p = 426 

.418, Cramer’s V = 0.17) 427 

 428 
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Table 5. Observed counts, expected counts, and adjusted standardised residuals when comparing the number of 429 
pedestrians (individuals or a group) against driver behaviour. 430 

  Driver behaviour 

  Maintained 
speed without 
decelerating or 

stopping 

Decelerated but 
did not come to 
complete stop 

Stopped 
completely 

Individual 
pedestrian 

Observed count 16 19 13 
Expected count 13.8 19.6 14.5 
Adjusted standardised 
residual 

1.33 -0.36 -0.93 

Group (2+) 
of 
pedestrians 

Observed count 3 8 7 
Expected count 5.2 7.4 5.5 
Adjusted standardised 
residual 

-1.33 0.36 0.93 

 431 

 432 

In addition to examining the driver’s behaviour during the interaction, in terms of whether 433 

they decelerated, stopped or neither, priority was also examined for interactions involving 434 

individual or groups of pedestrians. Observed and expected counts are shown in Table 6. A 435 

Fisher’s exact test suggested a significant association between the number of pedestrians 436 

involved in the interaction (individual or group) and which road user took priority in the 437 

interaction (p = .027, Cramer’s V = 0.31). Comparison of the observed and expected counts 438 

suggests interactions involving a single pedestrian were more likely to result in the driver 439 

taking priority. Interactions involving a group of pedestrians were more likely to involve the 440 

pedestrians taking priority. 441 

 442 

Table 6. Observed counts, expected counts, and adjusted standardised residuals when comparing pedestrian 443 
looking behaviour against priority. 444 

  Priority 

  Neither 
pedestrian or 

vehicle 

Pedestrian Driver 

Individual 
pedestrian 

Observed count 7 28 13 
Expected count 7.3 31.3 9.5 
Adjusted standardised 
residual 

-0.21 -1.90 2.46 

Group (2+) 
of 
pedestrians 

Observed count 3 15 0 
Expected count 2.7 11.7 3.5 
Adjusted standardised 
residual 

0.21 1.90 -2.46 

 445 

 446 

3.2 Driver-Driver interactions 447 

In addition to the pedestrian-driver interactions, 124 driver-driver interactions were recorded 448 

for this study. The mean duration of these interactions (from the points at which the 449 

observers started and stopped recording the actions of those involved in the interaction) was 450 

12.1 seconds (standard deviation = 8.9 seconds). Almost three quarters of these interactions 451 

(73%) involved a parking manoeuvre by at least one of the vehicles. Over half of the 452 

interactions (54%) also involved at least one of the vehicles reversing. Some form of vehicle-453 
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based signal (e.g. use of horn, flash of headlights, or use of turn indicators) was used in 33% 454 

of interactions. The majority of these signals (23% of all interactions) were use of the turn 455 

indicators, with much less use of the headlights (2% or 3 out of 124 interactions) or the horn 456 

(1% or 1 out of 124 interactions). Some other form of signal was used in 8% of interactions 457 

(e.g. reverse or brake lights). 458 

 459 

Use of hand and head movements 460 

It was not possible to observe one or both drivers’ hands in 19 of the 124 interactions. 461 

Similarly, it was not possible to observe one or both drivers’ head movements in 20 of the 462 

124 interactions. Therefore, percentages reported for driver hand and head movements in 463 

this section exclude these 19 and 20 interactions for which data could not be recorded, 464 

respectively. For the remaining results, only 10% of interactions (10 out of 105) involved 465 

hand movements from one or both drivers, but head movements were used in 56% of 466 

interactions (58 out of 104. Almost all of the head movements involved in these interactions 467 

(55 out of 58) were due to at least one of the drivers looking towards the other driver or 468 

vehicle. 469 

 470 

Looking towards the other driver / vehicle 471 

As alluded to above, the vast majority of head movements made by a driver were to look 472 

towards the other driver involved in the interaction. For driver-driver interactions it was even 473 

more difficult than in pedestrian-driver interactions to confirm with certainty whether one 474 

driver looked directly at the other driver, due to the windscreen and moving speeds involved. 475 

Therefore, looking behaviour was only categorised as ‘looking towards the other driver’, 476 

acknowledging the potential uncertainty in whether the other driver was directly looked at, or 477 

not. Results showed that at least one of the drivers turned their head to look towards the 478 

other driver in 53% of interactions in which head movements could be observed (55 out of 479 

104 interactions). A third of these interactions involved both drivers turning to look towards 480 

each other, but it was more common for only one of the drivers to look towards the other 481 

driver. As the observation location was a car park, this often occurred if one of the drivers 482 

was looking for a parking space or waiting to collect pedestrians, and attention was therefore 483 

not directed overtly towards other drivers.  484 

 485 

Does looking towards the other driver result in a different type of interaction outcome? 486 

We examined whether a driver’s look towards another driver in the interaction influenced 487 

behaviour of the second driver. The response of the second driver was characterised as 488 

either no change in vehicle speed, a deceleration of the vehicle, without a complete stop, or 489 

stopping completely. Error! Reference source not found. shows counts of each category 490 

of interaction, based on the looking behaviour of one of the drivers and the response from 491 

the other driver. Note that each unique interaction could contribute two values to the 492 

observed counts in this cross-tabulation, as there were two drivers involved. This is why the 493 

total observed count is greater than the total number of interactions. A Fisher’s exact test did 494 

not suggest a significant association between the looking behaviour of a driver and the 495 

response of the other driver (p = .54, Cramer’s V = 0.09). 496 

 497 
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Table 7. Observed counts, expected counts, and adjusted standardised residuals when comparing driver looking 498 
behaviour against other driver’s response. 499 

  Other driver behaviour 

  Maintained 
speed without 
decelerating or 

stopping 

Decelerated but 
did not come to 
complete stop 

Stopped 
completely 

Driver did 
not look 
towards the 
other driver 

Observed count 58 15 27 
Expected count 58.4 12.7 28.9 
Adjusted standardised 
residual 

-0.12 1.06 -0.65 

Driver 
looked 
towards the 
other driver 

Observed count 43 7 23 
Expected count 42.6 9.3 21.1 
Adjusted standardised 
residual 

0.12 -1.06 0.65 

 500 

The connection between the looking behaviour of each driver involved in the interaction and 501 

which driver took priority was also examined. Table 8 shows the counts of interactions 502 

involving different looking behaviours and which driver took priority (if either did) during the 503 

interaction. A Fisher’s exact test confirmed a significant interaction between the looking 504 

behaviour of a driver and whether or not they then gained priority (p = .025, Cramer’s V = 505 

0.25). Examining the ASRs suggests that when both drivers looked towards the other driver, 506 

driver 1 was more likely to take priority in that interaction. When neither driver looked 507 

towards each other, neither driver took priority, and this occurred in a diverse range of 508 

interaction types. The residuals also suggest a trend that priority is taken by the driver who 509 

looks towards the other vehicle. For example, when driver 1 looked towards the other driver, 510 

the number of interactions in which that driver took priority was higher than expected. 511 

Likewise, when driver 2 looked towards the other driver, the number of interactions in which 512 

they took priority in that interaction was also higher than expected. However, the ASRs 513 

related to these trends do not reach two, and we should therefore treat this interpretation 514 

with caution. 515 

 516 

Table 8. Observed counts, expected counts, and adjusted standardised residuals when comparing driver looking 517 
behaviour against priority. 518 

  Priority 

  Neither driver Driver 1 Driver 2 

Both 
drivers 
looked 
towards the 
other driver 

Observed count 3 8 7 
Expected count 6.4 3.8 7.8 

Adjusted standardised 
residual 

-1.81 2.65 -0.43 

Driver 1 
looked 
towards the 
other driver 

Observed count 4 6 9 
Expected count 6.7 4.0 8.3 
Adjusted standardised 
residual 

-1.43 1.24 0.37 

Driver 2 
looked 
towards the 
other driver 

Observed count 5 2 11 
Expected count 6.4 3.8 7.8 
Adjusted standardised 
residual 

-0.74 -1.11 1.63 

Neither 
driver 
looked 

Observed count 32 10 27 
Expected count 24.5 14.5 30.0 
Adjusted standardised 
residual 

2.84 -1.98 -1.11 
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towards the 
other driver 

 519 

Is the use of signals by the driver associated with a different type of interaction? 520 

To assess the effect of signals on behaviour, the use of various vehicle signals (e.g. flash of 521 

headlights, use of turn indicators, honk of horn) by either driver, was used to understand the 522 

opposing driver’s response in that interaction. Table 9 shows the counts of interactions that 523 

involved use of signals by either driver, and the behavioural response of the other driver. 524 

Note that, in each case, the driver did or did not use a signal. Therefore, each unique 525 

interaction could contribute two values to the observed counts in this cross-tabulation, 526 

resulting in a total observed count greater than the actual number of interactions. A Fisher’s 527 

exact test suggested a marginally significant association between the use of a signal by one 528 

of the drivers and the driving response of the other driver (p = .054, Cramer’s V = 0.15). In 529 

other words, if one of the drivers used a signal during the interaction, the other driver was 530 

less likely to maintain their speed without decelerating or stopping. 531 

 532 

 533 

 534 

Table 9. Observed counts, expected counts, and adjusted standardised residuals when comparing driver 1 use of 535 
a signal against driver 2 behaviour. 536 

  Other driver behaviour 

  Maintained 
speed without 
decelerating or 

stopping 

Decelerated but 
did not come to 
complete stop 

Stopped 
completely 

Driver did 
not use a 
signal 

Observed count 111 39 53 
Expected count 104.0 40.9 58.1 
Adjusted standardised 
residual 

2.32 -0.79 -1.87 

Driver used 
a signal 

Observed count 16 11 18 
Expected count 23.0 9.1 12.9 
Adjusted standardised 
residual 

-2.32 0.79 1.87 

 537 

The use of signals by either or both drivers was also compared, in relation to which driver 538 

took priority in the interaction, see Table 10. A Fisher’s exact test confirmed a significant 539 

interaction between the use of signals and which driver took priority (p = .040, Cramer’s V = 540 

0.23). When driver 1 used a signal this led to an increased likelihood that they also took 541 

priority in the interaction. However, when neither driver used a signal, driver 1 was less likely 542 

to take priority. 543 

 544 

Table 10. Observed counts, expected counts, and adjusted standardised residuals when comparing signal use of 545 
drivers against priority. 546 

  Priority 

  Neither driver Driver 1 Driver 2 

Both 
drivers 

Observed count 3 1 1 
Expected count 1.8 1.0 2.2 
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used 
signals 

Adjusted standardised 
residual 

1.17 -0.05 -1.08 

Driver 1 
used signal 

Observed count 7 11 7 
Expected count 8.9 5.2 10.9 
Adjusted standardised 
residual 

-0.88 3.17 -1.76 

Driver 2 
used signal 

Observed count 2 2 6 
Expected count 3.5 2.1 4.4 
Adjusted standardised 
residual 

-1.07 -0.08 1.09 

Neither 
driver used 
signal 

Observed count 32 12 40 
Expected count 29.8 17.6 36.6 
Adjusted standardised 
residual 

0.89 -2.65 1.33 

 547 

 548 

4. Discussion 549 

Understanding interactions between road users can help improve road safety and support 550 

ongoing work in the development of methods that AVs may use to communicate. We 551 

observed pedestrian-driver and driver-driver interactions at a UK car park, categorising the 552 

actions that took place in each of those interactions. We used these data to examine how 553 

the actions of one of the road users in the interaction were associated with the reactions of 554 

the other road user. A car park was selected as the observation site because it represents a 555 

shared space between pedestrians and drivers and was therefore likely to produce 556 

potentially ambiguous interaction situations, not governed by explicit rules of the road or 557 

conventional norms. Studying these types of interactions is beneficial in this context, as they 558 

rely solely on interpreting the actions and signals between the two parties. Studying these 559 

interactions also allows an appreciation of the cooperative behaviour required in the absence 560 

of clear road infrastructure, such as is present at pedestrian crossings or junctions. 561 

 562 

4.1 Pedestrian-Driver interactions 563 

 564 

Hand gestures were relatively rare in pedestrian-driver interactions by either road user. This 565 

is consistent with other research suggesting explicit communication between pedestrians 566 

and drivers is rare (e.g. Lee et al, 2019; Dey & Derkin, 2017). However, the proportion of 567 

interactions that involved use of hand gestures was slightly higher than that found by Lee et 568 

al (4% of pedestrian-driver interactions in Lee et al (2019), compared with up to 17% of 569 

pedestrian-driver interactions in the current analysis). This could be explained by the fact 570 

that the observations reported here were at a shared space that may have produced more 571 

ambiguous interactions than in the road crossing situation observed by Lee et al. Hand 572 

gestures are probably useful when an interaction is ambiguous, as a method for resolving 573 

that ambiguity. The slow speeds used in the shared space setting may also have allowed 574 

more use of hand gestures for successful and observable communication, compared to 575 

faster speed settings, such as those used in Lee et al. (2019). 576 

Our first main research question was based on investigating how initial behaviours in an 577 

interaction relate to the final outcome of that interaction. Results showed that the driver’s 578 

behaviour appeared to be influenced by whether or not the pedestrian looked towards them. 579 

Drivers were more likely to either stop completely, or continue at their current speed if the 580 
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pedestrian looked towards them, whereas they were more likely to slow down, but without 581 

stopping, if the pedestrian did not look towards them. Previous work has shown that if 582 

pedestrians look at a driver at crossing, there is increased likelihood that the driver will yield 583 

(Gueguen, Meineri & Eyssartier, 2015). However, our observations also suggest drivers may 584 

equally be encouraged to maintain their current speed when a pedestrian looks towards 585 

them. Our interpretation of these results is that by looking towards the driver, the pedestrian 586 

is prompting the driver to make a clear decision about their behaviour, either to stop 587 

completely or to continue on their present course. Not looking towards the driver potentially 588 

creates uncertainty for the driver, where it is not clear whether the pedestrian has seen 589 

them, and/or not obvious how the pedestrian is likely to behave. Slowing down may reflect 590 

this uncertainty in the driver. Interpreting the driver’s action in this situation is also aided by 591 

information about the pedestrian’s position during the interaction. For example, if the 592 

pedestrian was directly in the path of the driver this is more likely to prompt them to stop 593 

completely, regardless of where the pedestrian was looking. Unfortunately, however, this 594 

detailed level of pedestrian position was not recorded during our observations. One caveat 595 

with our interpretation of these results is that it was not possible to determine precisely 596 

whether the pedestrian was looking directly at the driver, or in the general direction of the 597 

driver/ their vehicle. However, it is can be argued that pedestrians are able to communicate 598 

their intentions and influence driver behaviour by simply looking in the general direction of a 599 

driver /vehicle, without looking directly at them, or making eye contact, (e.g. Kooij, 600 

Schneider, Flohr & Gavrila, 2014; Rasouli, Kotseruba & Tsotsos, 2017). 601 

Our second main research question related to which factors were related to which of the 602 

road users took priority in the interaction. Interactions were therefore also assessed on 603 

which of the road users took priority (defined by which slowed down or stopped for the other 604 

road user, allowing them to pass in front of them). A small proportion (15%) of interactions 605 

did not involve either road user taking priority. Pedestrians took priority in 78% of interactions 606 

that involved the priority being taken by one of the road users. This is higher than has been 607 

found in other scenarios involving the interaction of pedestrians and drivers. Varhelyi (1998) 608 

studied interactions at a non-signalised zebra crossing on a 50 km/h mid-block road in 609 

Sweden, and found that pedestrians had priority in only 5% of these. Observations of driver 610 

yielding behaviour at 10 uncontrolled crosswalks (Crowley-Koch & van Houten, 2011) 611 

suggested pedestrians were given priority on average during 12% of interactions. This value 612 

increased, however, when the pedestrian extended their arm, or raised their hand towards 613 

the driver, accounting for up to 45% of interactions. This study took place in the United 614 

States, but there may be cultural differences in yielding behaviour between different nations. 615 

For example, Ferenchak and Marshall (2018) recorded whether pedestrians or vehicles 616 

acquiesced during interactions, at 37 highly intermodal intersections in India. Their data 617 

suggests the proportion of interactions in which the pedestrian took priority was 54%, when 618 

averaged across all 37 interactions. 619 

The fact that the space for our car park site was shared between the different road users in 620 

our study is likely to account for the high proportion of interactions in which the pedestrian 621 

took priority. As the location was adjacent to a busy city-centre railway station, it consisted of 622 

a high volume of pedestrians crossing through it. As pedestrian numbers increase, 623 

particularly relative to vehicle numbers, the probability that a driver will give priority to a 624 

pedestrian increases (Ferenchak & Marshall, 2018). As our observed site was a car park, it 625 

resulted in slow vehicle speeds, and as a shared space in which high volumes of 626 

pedestrians were expected, interactions were likely to be cooperative in nature. In contrast, 627 

previous studies have often focused on crossing scenarios on higher speed roads. For 628 

example, Varhelyi’s (1998) observations took place on a 50 km/h road, at a mid-block 629 

position i.e. not near a junction, meaning drivers were unlikely to be slowing down or driving 630 



19 
 

more cautiously. Shared space settings such as the car park used in this study require 631 

greater cooperation and negotiation between users of the space (Hamilton-Baillie, 2008) 632 

than other road and urban contexts, and it is in such settings that communication between 633 

AVs and other road users may be most important, particularly given that the current 634 

development and introduction of AV systems often takes place in shared public realm 635 

spaces (Merat et al, 2018). 636 

Our observations did not suggest that pedestrians were more likely to have the priority if they 637 

looked towards the driver. This is in contrast to previous research on pedestrian crossing 638 

scenarios (e.g. Gueguen, Meineri & Eyssartier, 2015; Ren, Jiang & Wang, 2016), which 639 

suggests looking towards the driver, particularly eye contact, can increase the likelihood that 640 

the driver will yield to the pedestrian, and the distance they decelerate from to allow them to 641 

cross a road. The effect of looking towards the driver in terms of who takes priority may vary 642 

depending on the situation. In a road crossing situation, particularly at a designated crossing 643 

location, it is clear what the pedestrian’s intention is and looking at a driver is likely to 644 

increase compliance with formal regulations or informal social norms (e.g. Hamlet, Axelrod & 645 

Kuerschner, 1984) that promote yielding to pedestrians. In a shared space setting, however, 646 

the interactions may be more ambiguous, and the intentions and planned actions of the 647 

pedestrian may be less clear. Looking towards the driver appears to reduce the uncertainty 648 

in the interaction, but this can equally result in either the driver or the pedestrian taking 649 

priority. It is also possible that the shared space setting and the high volume of pedestrians 650 

led to fewer pedestrians looking towards drivers due to an assumption that drivers would be 651 

driving cautiously and react accordingly in the presence of pedestrians. 652 

Priority in pedestrian-driver interactions was, however, influenced by the number of 653 

pedestrians involved. Drivers were more likely to give priority to a group of pedestrians, than 654 

a single pedestrian. This supports previous research that shows an increase in driver 655 

yielding behaviour when groups of pedestrians are waiting to cross a road, compared with a 656 

single pedestrian (e.g. Himanen & Kulmala, 1988; Sucha, Dostal & Risser, 2017). 657 

 658 

4.2 Driver-Driver interactions 659 

Explicit vehicle-based signals were used in a third of interactions between drivers, but hand 660 

gestures were relatively rare, used in only 10% of interactions. This suggests that currently, 661 

signals from the vehicle itself are more common than signals from the driver, which tend to 662 

be infrequent. This supports other work that has shown the relative importance of vehicle 663 

movements and the associated implicit communication, compared with explicit 664 

communication by the driver (e.g. Dey & Derkin, 2017). Research has also shown that hand 665 

gestures are rare across different cultural contexts (Lee et al, 2019). The development of 666 

communication mechanisms for automated vehicles may therefore not have to replace 667 

explicit communication from the drivers themselves. However, we also found that drivers 668 

would frequently turn and look towards the other driver involved in the interaction. In 669 

addressing our first research question, we did not find an association between this looking 670 

behaviour and the subsequent driving response of the other driver however, unlike the 671 

pattern found in pedestrian-driver interactions. 672 

In addressing our second research question however, related to actions associated with 673 

taking priority, our observations did suggest that looking towards the other driver was 674 

associated with the driver who looked taking priority in the interaction. This may demonstrate 675 

the potential importance for drivers of looking towards other drivers, in communicating 676 

intentions and resolving interaction ambiguities. Although our observations were unable to 677 
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confirm with certainty whether eye contact was made when a driver looked towards the other 678 

driver, it is possible that eye contact does play a significant role in these low-speed driver-679 

driver interactions. This may be in contrast to interactions with pedestrians, where eye 680 

contact may be less frequent (e.g. Sucha, Dostal & Risser, 2017). Without the option of 681 

directing gaze towards another driver or making eye contact, automated vehicles may 682 

require alternative methods for influencing and resolving issues related to priority in an 683 

interaction. They may also need to appropriately interpret the looking behaviour of other road 684 

users. 685 

Use of vehicle-based signals by one driver was associated with the other driver being less 686 

likely to continue at their same speed without slowing or stopping, and with the other driver 687 

giving priority to the signalling driver. This confirms that signals from a vehicle can help 688 

resolve interactions, providing justification for ongoing efforts to develop external signal-689 

based communication methods for automated vehicles. These findings related to signal use, 690 

taken in combination with our findings about the role of looking towards a vehicle, highlights 691 

the importance of visual communication between road users in creating greater clarity during 692 

road user interactions. Communication with other road users will be an important task for 693 

AVs and has been shown to give other road users greater confidence in interacting with AVs 694 

(Merat et al, 2018). Research is needed to understand the most appropriate ways this 695 

communication can take place. 696 

 697 

5. Conclusion 698 

Understanding interactions between road users, and how they communicate, can help make 699 

transport systems safer and support the development of effective communication methods 700 

for automated vehicles. This study aimed to identify how different behaviours at the 701 

beginning of an interaction were associated with subsequent behaviours and the outcome of 702 

the interaction. To address this aim we carried out detailed field observations of pedestrian-703 

driver and driver-driver interactions at a shared space location. This choice of location helps 704 

advance our knowledge of road user interactions, as previous research has focused 705 

primarily on rule-based or unambiguous road crossing situations. It will be important for the 706 

design of AV communication strategies to understand interactions in such shared space 707 

settings, given the frequent occurrence of vehicle and pedestrian interactions and the high 708 

potential for ambiguities in these interactions. This study contributes towards our 709 

understanding in this area. 710 

The observations demonstrated that interaction outcomes are associated with different 711 

factors related to the road user, and the looking behaviour of both pedestrians and drivers 712 

have an impact on the interaction. In particular, looking towards a driver appears to reduce 713 

uncertainty in the interactions and helps confirm which road user will take priority. Although 714 

communication between an automated vehicle and a human road user may not be the same 715 

as between two human road users, our findings do have implications for the design of 716 

automated vehicle communication strategies, for example in demonstrating that current 717 

nonverbal communication can reduce uncertainty in interactions. Future research should 718 

further consolidate these conclusions and extend them to understand communication and 719 

interaction between human road users and AVs. The results suggest there is value in 720 

developing our understanding of how nonverbal communication can be used by AVs to 721 

reduce uncertainty in interactions with human road users. Such research is needed to 722 

develop a consensus and overcome current discord within the literature (e.g. Clamann, 723 

Aubert & Cummings, 2015, and Mahadevan et al, 2018). This future research should 724 

account for potential cultural differences in how road users communicate during interactions 725 
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and the implications this may have for AVs operating in different countries and cultural 726 

contexts. Our results provide a picture for a UK-based context, further work is needed to see 727 

if these results generalise to other contexts. Testing some of the conclusions drawn from our 728 

study, for example, that looking towards a driver can increase the smoothness with which 729 

interactions transpire, should be validated through experimental designs. This would help 730 

overcome some of the limitations associated with the reported observational field study, 731 

such as the difficulty in determining whether the driver or vehicle was viewed. 732 
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