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Would you cross the road? Modelling interactions between the factors influencing 

pedestrians’ decisions when exposed to automated vehicles 

Introduction: The advancement of Autonomous vehicles (AVs) is an ongoing process. Novel concepts are being tested and validated 

frequently to improve AVs’ functionality. An expected benefit of AVs is the improvement of vulnerable road users’ safety. While 

interacting with human-driven vehicles, pedestrians seek out visual cues provided by the driver such as eye contact or hand gestures to 

make decisions. These communication means may be absent in AVs. In these situations, pedestrians may misinterpret the AVs’ intention, 

thus causing confusion. Therefore, it is necessary to first analyze the factors considered by pedestrians to understand how they make 

decisions while interacting with an AV. More insight can be obtained from a study conducted to see the interaction between factors. 

Research objective: This research focuses on four factors, namely, urgency of the task, weather conditions, social contagion, and road 

markings. This research aims to determine which factors has more weight made by the pedestrian while crossing a road. Methodology: 

The analysis will be conducted based on the Anderson’s experimental protocol, supported by the information integration theory. 

Outcomes: The results from this study are expected to quantify which factors affect the decision-making process and the importance of 

each factor from a pedestrians’ perspective. 

CCS CONCEPTS • General and reference • Document types • Surveys and overviews 

Additional Keywords and Phrases: Automated vehicles, Pedestrian Road Crossing, Anderson’s Experimental Protocol, 

Information Integration Theory 
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1 INTRODUCTION 

The idea of Automated Vehicles (AVs) on roads belonged merely in fiction during the mid-20th century, and only in the 

mid-1980s the inherent concepts for the development of AVs were established [1]. There have been many technological 

advancements to transform traditional vehicles into systems that can make decisions without requiring drivers’ 

intervention. In the future, it can be expected there will be numerous daily interactions between AVs, conventional vehicles 

and other road users, including pedestrians [5]. The Society of Automotive Engineers (SAE) has differentiated the various 

degrees of automation using a taxonomy ranging from level zero through five [16]. Table 1 below shows the role of the 

human in the driver's seat in vehicles with different levels of automation based on the latest SAE version known as SAE 

J3016 [30]. 

Table 1: Role of the human driver based on SAE automation levels. 

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 

Constant vehicle supervision required Supervision is required 

only in some circumstances 

High (level 4) and full (level 5) 

automation in all conditions 

The progress of driving automation is expected to decrease the instances of accidents, traffic congestion and improve 

mobility in ageing societies [11]. On the one hand, AVs can perform tasks such as detecting obstructions in the road 

environment, route planning, navigating, speed control and parking without the need for directions from humans, thus the 

imminent human errors could be reduced, eventually lowering the Road Traffic Crashes (RTCs) to some extent [20]. On 

the other hand, a misunderstanding of AVs’ intentions might potentially create untrust and uncertainty among other road 

users, leading to unsafe decisions [22].There might also be cases of bullying behaviours where road users may step in front 

of an AV to test its capability, thus causing frequent interruptions of AVs [29]. As most AVs are not yet at full scale 

deployment, various new applications are being developed to mitigate the negative effects of AVs on road users and 

improve their functionality [20]. This would be beneficial to vulnerable road users, especially pedestrians [9]. Pedestrians 

are known to be the most adaptable (i.e. can respond quickly) but also the most unpredictable (i.e. difficult to control with 

regulations) type of road users [9]. A pedestrians’ perception of AVs is essential to be understood by researchers and 

manufacturers alike to identify the caveats of AVs concerning design features [10].  

At road crossings, pedestrians undergo complex decision-making processes dependent on several factors [5]. These 

factors are mentally processed by the pedestrians as they assess the risk in their vicinity. To make a well-informed decision, 

pedestrians need to be able to perceive true levels of risks and expose themselves to an acceptable risk level [4]. Wilde’s 

risk homeostasis theory compares risk perception to risk acceptance, i.e. the stimuli are evaluated and compared to 

acceptable risk levels in specific situations [27]. This means that if pedestrians feel that the use of an AV is going to lower 

their levels of risk below that of their personal threshold, they tend to engage more in risky behaviours such as stepping in 

front of an approaching AV to cross a road faster [17]. Table 2 contains some recent studies that either predict or evaluate 

the pedestrian’s decision to cross, based on different controlled scenarios (modalities) made up by combining several 

factors. 
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Table 2: Examples of recent research studying the effect of scenarios on pedestrians' road crossing decisions. 

Independent variables/ modalities Dependent variable Sample literature 

Task urgency, legal presence, and 

social cues 

Pedestrian road crossing decision [23] 

Vehicle speed, task urgency, and type 

of automation 

Prediction of road crossing intention [29] 

Type of external human-machine 

interface, vehicle movement, and type 

of automation 

Time taken to make a road-crossing 

decision 

[6] 

Factors that affect pedestrians’ road crossing decision can be situational, environmental, or socio-demographic [24]. 

These factors are perceived by the pedestrian in form of real-time auditory or visual cues [21], or based on experiences 

from previous interactions. While crossing a road, pedestrians seek out eye contact, visual gestures (e.g.  hand-raising) 

[9,22] and auditory stimulus such as horn sounds from the driver [13]. These cues influences their decision to cross the 

road. Moreover, pedestrians also consider other factors such as implicit behaviour of the vehicle e.g., appearance, speed 

and yielding behaviour [7].   

An example of a situational factor is the urgency of a task, which was found to be influenced by the pedestrians' trip 

purpose [15]. Cœugnet et al. [8], and Şahin et al.[23] have concluded that the urgency of task is directly related to a road 

crossing decision i.e., if the pedestrian is in a rush, they tend to decide to cross a road even in risky situations. The weather 

condition of the crossing location is an environmental factor. Weather conditions have been known to influence the 

pedestrians’ perception of stopping distance estimation of the incoming vehicles [25]. Thus, this factor can give an insight 

into how it ultimately affects a crossing decision. Social contagion is a type of socio demographic factor, which was found 

to vary from place to place as discussed in Pelé et al. [21]. In addition to the above discussed three factors, road markings, 

i.e., zebra crossing is also considered in this research. The inclusion of this factor was done in research by Zhao et al. [29], 

to study if pedestrians would cross a road in absence (or presence) of zebra crossings in varying scenarios of task urgency. 

2 PROBLEM STATEMENT  

The studies presented in Table 2 show how some factors affect the pedestrians’ road crossing decision, but not how the 

modalities from each factor interact with one another. It is therefore of paramount importance to analyze the interactions 

between these factors to further our understanding with respect to pedestrians’ decision-making at road crossings. In 

addition, informal cues such as facial expressions and eye contact may no longer be available in AVs [7], specifically in 

SAE level 4 or 5 AVs [20]. This is bound to cause some levels of ambiguity among pedestrians in terms of decision making 

when they are trying to safely cross a road.  

Since AVs are still very uncommon on public roads, a certain level of hesitation or confusion may be expected from 

pedestrians while they are trying to cross a road when exposed to AVs [12]. Thus, researchers need to evaluate the 

relationship between one or more factors, as the road environment is an interactive socio-technical environment, to shed 

light on the most important factors affecting pedestrian’s road crossing decision when interacting with an AV. 

3 RESEARCH OBJECTIVE 

The focus of this research is to understand the relationship between the selected factors (i.e., urgency of the task, weather 

conditions, social contagion, and road markings) and to find out how the modalities of these factors affect pedestrians’ 

road crossing decision. Based on the existing literature, the hypotheses of the present paper posit that some factors may 

have more weight than other factors and they impact each other in a certain way. Additionally, some factors may not bear 



4 

an influence on pedestrian road crossing decision. This research seeks to explore the potential associations between factors 

from a selected set.  

4 METHODS 

4.1 Selection of factors 

In this study, four factors have been selected to further the understanding of pedestrian road crossing decision. The selection 

of factors was based on existing literature as explained in sections above. Factors that have been extensively researched in 

the past (e.g. social contagion), as well as factors that have not been explored in depth (e.g. weather conditions), were 

selected for this analysis. Each of the four factors as shown in Figure 1 will have two dimensions: urgency of task (urgent 

vs. not urgent), weather conditions (rainy vs. sunny), social contagion (present vs. absent) and road markings (zebra 

crossings present vs. absent). 

 

Figure 1: Factors selected for Anderson's experimental protocol. 

To understand the links between different factors (for example, urgency of the task and road markings or weather 

condition and road markings) affecting road crossing decision when exposed to AVs, an experimental protocol developed 

by Anderson [3] can be implemented. Anderson’s experimental protocol is a method based on information integration 

theory, where different variables and their mutual interactions can be simultaneously observed [3]. The method assumes 

that there is either an averaging, adding or multiplying mathematical function while different stimuli are being perceived 

in a decision-making process [2]. A benefit of using the information integration theory is that the researcher can understand 

how participants make decisions in their daily lives [19].  

In a study by Delmas et al. [11], the relationship between road type, weather condition, traffic congestion level and 

vehicle speed was investigated using Anderson's experimental protocol. It allowed to determine which factors had the most 
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influence on the perceived comfort of a driver. Similarly, Monsaingeon et al. [19] implemented the protocol to determine 

drivers’ compliance with an automatic driving system. They manipulated variables such as weather conditions, road 

marking quality, road curvature and limits of automation available in the test AV.  

4.2 Experimental design 

Each of the selected factors are composed of two modalities that are combined with one another in a questionnaire. Within-

subject experimental design will be carried out i.e., all the participants are exposed to a total of 2x2x2x2 =16 modalities. 

The participant will have to respond to whether they would cross the road or not when an AV was approaching them under 

each of the modalities. This measure of intention will be collected using a discrete 20-point scale that ranges from 

“definitely cross” to “definitely not cross”. Monsaingeon et al. [19] did not use numbering system in the scale to avoid the 

possibility of numbering preference bias among the participants. Thus, in this study, the participants will have to move a 

slider between two opposite choices.  

The participant will be put in the place of an imaginary protagonist with similar characteristics in terms of age and 

gender to mentally visualize the road crossing scenario. This way, the participants can project themselves into the situation 

and number preference bias can be avoided [19]. Monsaingeon et al. [19] allocated four different protagonists based on 

gender (female or male) and age (below or above 40 years old). In this research, the protagonists will be named Agatha 

(female, above 40), Olivia (female, below 40), David (male, above 40) and Jacob (male, below 40). A few examples of 

modalities combination involving an imaginary pedestrian in a road crossing situation are given below: 

1. It is a sunny day. Olivia is taking a leisurely walk. A vehicle is approaching her at a fair distance and a fair speed. 

She wants to cross the road using a zebra crossing but other people are waiting for the vehicle to pass. If you were 

Olivia, would you cross the road? 

2. It is raining. Olivia is in a rush. She can see other people crossing the road but there is no zebra crossing close by. 

A vehicle is approaching her from a fair distance and at a fair speed. If you were Olivia, would you cross the road? 

The participants will also be provided with an introductory paragraph outlining the explanation of the factors and the 

meaning of fair distance and speed, to set a baseline scenario. The questionnaire will be online, anonymized, and non-

identifiable. It will be distributed among potential participants after receiving ethical approval from concerned ethics 

departments. 

5 EXPECTED OUTCOMES 

This section includes the results that can be expected following Anderson’s experimental protocol methodology. Figure 2 

shows how the responses may vary among pedestrians. The responses from the participants can be used to examine the 

main effects of the factors through the Anderson’s methodology [2]. An Analysis of Variance (ANOVA) will be conducted 

to analyze the results and determine whether there are significant differences between the values across the factors explored 

[11,19]. 
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Figure 2: Expected variation in responses among participants. 

Furthermore, participants’ profiles can be divided into clusters using the K-Clustering means method [14]. The clusters 

can be tested to see if they differ in socio-demographic characteristics of the road user such as age and gender [19]. Table 

3 below shows expected examples of clusters and their characteristics that can be generated from the participants’ pool.  

Table 3: Expected clusters of varying participants' profiles. 

Cluster 1: Compliance with traffic 

rules 

Cluster 2: Averse to social contagion Cluster 3: Task-oriented 

The presence or absence of zebra 

crossing has greater weight on the road 

crossing decision for this cluster. 

The presence or absence of social contagion 

has the least weight on the road crossing decision 

for this cluster. 

The urgency of the task has the 

greatest weight on the road crossing 

decision for this cluster. 

6 FUTURE WORK 

The results obtained from Anderson’s experimental protocol and K-means clustering will be used in a Virtual Reality (VR) 

study where pedestrians’ decisions to cross the road will be analyzed. Only the factors and clusters that were found to have 

the most weight would be manipulated in the VR study. This objective can form another research study which analyzes 

pedestrian decisions that can be analyzed based on the gap acceptance of the pedestrians [8,28] or decision-making [6] and 

response time. Such data provides insight into the factors that need to be taken into account by an AV so that it can make 

an appropriate estimation on pedestrian crossing behaviour [18,26].  



7 

REFERENCES  

[1] James M Anderson, Nidhi Kalra, Karlyn D Stanley, Paul Sorensen, Constantine Samaras, and Oluwatobi A Oluwatola. 2014. Brief history and current 

state of autonomous vehicles. In Autonomous Vehicle Technology: A Guide for Policymakers. 55–74. 

[2] Norman H Anderson. 2008. Unified social cognition. Psychology Press, New York,  NY,  US. 

[3] Norman Henry Anderson. 1996. A functional theory of cognition. New York: Psychology Press. 

[4] Henrik Andersson. 2011. Perception of Own Death Risk: An Assessment of Road-Traffic Mortality Risk. Risk Analysis 31, 7: 1069–1082. 

[5] Thierry Bellet, Sébastien Laurent, Jean Charles Bornard, Isabelle Hoang, and Bertrand Richard. 2022. Interaction between pedestrians and automated 

vehicles: Perceived safety of yielding behaviors and benefits of an external human–machine interface for elderly people. Frontiers in Psychology 13, 

November: 1–15. 

[6] Chia-Ming Chang, Koki Toda, Daisuke Sakamoto, and Takeo Igarashi. 2017. Eyes on a Car: An Interface Design for Communication between an 

Autonomous Car and a Pedestrian. Proceedings of the 9th International Conference on Automotive User Interfaces and Interactive Vehicular 

Applications, Association for Computing Machinery, 65–73. 

[7] Koen de Clercq, Andre Dietrich, Juan Pablo Núñez Velasco, Joost de Winter, and Riender Happee. 2019. External Human-Machine Interfaces on 

Automated Vehicles: Effects on Pedestrian Crossing Decisions. Human Factors: The Journal of the Human Factors and Ergonomics Society 61, 8: 

1353–1370. 

[8] Stéphanie Cœugnet, Béatrice Cahour, and Sami Kraiem. 2019. Risk-taking, emotions and socio-cognitive dynamics of pedestrian street-crossing 

decision-making in the city. Transportation Research Part F: Traffic Psychology and Behaviour 65: 141–157. 

[9] Shuchisnigdha Deb, Md Mahmudur Rahman, Lesley J. Strawderman, and Teena M. Garrison. 2018. Pedestrians’ Receptivity Toward Fully Automated 

Vehicles: Research Review and Roadmap for Future Research. IEEE Transactions on Human-Machine Systems 48, 3: 279–290. 

[10] Shuchisnigdha Deb, Lesley Strawderman, Janice DuBien, Brian Smith, Daniel W. Carruth, and Teena M. Garrison. 2017. Evaluating pedestrian 

behavior at crosswalks: Validation of a pedestrian behavior questionnaire for the U.S. population. Accident Analysis and Prevention 106, May: 191–

201. 

[11] Maxime Delmas, Valérie Camps, and Céline Lemercier. 2022. Effects of environmental, vehicle and human factors on comfort in partially automated 

driving: A scenario-based study. Transportation Research Part F: Traffic Psychology and Behaviour 86, June 2021: 392–401. 

[12] Debargha Dey, Marieke Martens, Berry Eggen, and Jacques Terken. 2019. Pedestrian road-crossing willingness as a function of vehicle automation, 

external appearance, and driving behaviour. Transportation Research Part F: Traffic Psychology and Behaviour 65: 191–205. 

[13] Roja Ezzati Amini, Christos Katrakazas, and Constantinos Antoniou. 2019. Negotiation and Decision-Making for a Pedestrian Roadway Crossing: A 

Literature Review. Sustainability 11, 23: 6713. 

[14] Joeri Hofmans and Etienne Mullet. 2013. Towards unveiling individual differences in different stages of information processing: A clustering-based 

approach. Quality and Quantity 47, 1: 455–464. 

[15] Kai Holländer, Philipp Wintersberger, and Andreas Butz. 2019. Overtrust in External Cues of Automated Vehicles. Proceedings of the 11th 

International Conference on Automotive User Interfaces and Interactive Vehicular Applications, ACM, 211–221. 

[16] Debbie Hopkins and Tim Schwanen. 2021. Talking about automated vehicles: What do levels of automation do? Technology in Society 64, October 

2020: 101488. 

[17] Lynn M. Hulse. 2023. Pedestrians’ perceived vulnerability and observed behaviours relating to crossing and passing interactions with autonomous 

vehicles. Transportation Research Part F: Traffic Psychology and Behaviour 93, December 2022: 34–54. 

[18] Yee Mun Lee, Ruth Madigan, Oscar Giles, et al. 2021. Road users rarely use explicit communication when interacting in today’s traffic: implications 

for automated vehicles. Cognition, Technology and Work 23, 2: 367–380. 

[19] Noé Monsaingeon, Loïc Caroux, Sabine Langlois, Yovan Hurgobin, and Céline Lemercier. 2020. Driver Compliance With Automation Reliability 

Information Regarding Hazardous Environmental Circumstances. Travail Humain 83, 4: 343–360. 

[20] Darsh Parekh, Nishi Poddar, Aakash Rajpurkar, et al. 2022. A Review on Autonomous Vehicles: Progress, Methods and Challenges. Electronics 11, 

14: 2162. 

[21] Pelé, Deneubourg, and Sueur. 2019. Decision-Making Processes Underlying Pedestrian Behaviors at Signalized Crossings: Part 2. Do Pedestrians 

Show Cultural Herding Behavior? Safety 5, 4: 82. 

[22] Aïsha Sahaï, Elodie Labeye, Loïc Caroux, and Céline Lemercier. 2022. Crossing the street in front of an autonomous vehicle: An investigation of eye 

contact between drivengers and vulnerable road users. Frontiers in Psychology 13, October: 1–17. 

[23] Hatice Şahin, Sebastian Hemesath, and Susanne Boll. 2022. Deviant Behavior of Pedestrians: A Risk Gamble or Just Against Automated Vehicles? 

How About Social Control? Frontiers in Robotics and AI 9, July: 1–19. 

[24] Francisco Soares, Emanuel Silva, Frederico Pereira, Carlos Silva, Emanuel Sousa, and Elisabete Freitas. 2021. To cross or not to cross: Impact of visual 

and auditory cues on pedestrians’ crossing decision-making. Transportation Research Part F: Traffic Psychology and Behaviour 82, December 2020: 

202–220. 

[25] Rouxian Sun, Xiangling Zhuang, Changxu Wu, Guozhen Zhao, and Kan Zhang. 2015. The estimation of vehicle speed and stopping distance by 

pedestrians crossing streets in a naturalistic traffic environment. Transportation Research Part F: Traffic Psychology and Behaviour 30: 97–106. 

[26] Shulei Sun, Ziqiang Zhang, Zhiqi Zhang, Pengyi Deng, Kai Tian, and Chongfeng Wei. 2022. How Do Human-Driven Vehicles Avoid Pedestrians in 

Interactive Environments? A Naturalistic Driving Study. Sensors 22, 20: 1–13. 

[27] Ward Vanlaar and George Yannis. 2006. Perception of road accident causes. Accident Analysis and Prevention 38, 1: 155–161. 



8 

[28] Roger Woodman, Ke Lu, Matthew D. Higgins, Simon Brewerton, Paul A. Jennings, and Stewart Birrell. 2019. Gap acceptance study of pedestrians 

crossing between platooning autonomous vehicles in a virtual environment. Transportation Research Part F: Traffic Psychology and Behaviour 67: 

1–14. 

[29] Xiaoyuan Zhao, Xiaomeng Li, Andry Rakotonirainy, Samira Bourgeois-Bougrine, and Patricia Delhomme. 2022. Predicting pedestrians’ intention to 

cross the road in front of automated vehicles in risky situations. Transportation Research Part F: Traffic Psychology and Behaviour 90, April: 524–

536. 

[30] J3016_202104: Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles - SAE International. 

Retrieved March 3, 2023 from https://www.sae.org/standards/content/j3016_202104/. 

 


	generic (2)
	Extended_abstract (1)

