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1. INTRODUCTION 

Transitioning to Automated Vehicles (AVs) is predicted to lead to significant social changes besides 

technological innovation, with the responsibility of communication shifting from the car occupant to the 

vehicle itself (Clamann et al., 2017). Research recognises the road as a social environment where non-

verbal implicit and explicit communication cues are exchanged between road users, which support 

informal interactions and help resolve traffic conflicts (Hermann et al., 2018; Markkula et al., 2020). 

Evidence shows that when pedestrians decide to cross the road they often rely on visual information 

including eye contact with the driver (Guéguen et al., 2015; Rasouli et al., 2017), from which they can 

infer important clues e.g. whether they have been detected, if the driver intends to give them right of 

way, as well as vehicle’s behavioural cues i.e. speed and deceleration (Ackermann et al., 2019). 

 

In order to ensure smooth coordination between pedestrians and automated vehicles, research has 

emerged around AV’s external Human Machine Interfaces (eHMIs) which can be designed to 

communicate the vehicle’s intended actions. When it comes to deciding eHMI’s message content, 

experts suggest that messages which implicate an instruction to cross (egocentric messages i.e. from 

the pedestrian’s perspective) should be avoided and messages which communicate the AV’s intentions 

(allocentric messages) are to be preferred instead (Bazilinskyy et al. 2019; Habibovic et al., 2018). One 

of the reasons behind this, is that eHMIs should only be supporting pedestrians’ judgement, leaving 

them in charge of making safe crossing decisions. Additionally, it is possible for the message to be 

received by the wrong road user leading to potentially dangerous scenarios (Dietrich et al., 2018). 

It is yet unclear if the context in which an eHMI is presented can dictate the extent to which the message 

is perceived as an instruction or an intention as well as the message intuitiveness. This paper presents 

the results from an online survey study where the intuitiveness of intention and instruction  messages 

for different light-based eHMIs were evaluated across different scenarios varying for road priority, 

message design and vehicle’s behaviour. 

 

2. METHOD 
2.1 Design 

The study was conducted with a within-subject design with four independent variables. These were: 

eHMI light pattern with three levels (fast pulsing (2.0 Hz), slow pulsing (0.4 Hz) sweeping (3s)), road 

priority with three levels (pedestrian has priority, vehicle has priority, undefined priority), vehicle 

behaviour with two levels (vehicle is stationary in proximity of the crossings, vehicle is decelerating while 

approaching the crossing) and message type, with two levels, egocentric message (“safe to cross”) and 

allocentric message (“I am giving way”). Similar messages were investigated by Dey et al. (2020) for 

different eHMI colours and animations. The decelerating distance, within six metres from where the 

pedestrian would be standing, was based on rule 126 of The Highway Code (GOV.UK, 2021). Score of 

signal intuitiveness rating constituted the independent variable, which was measured on a Likert scale 

of 1 to 5, with 1 being “Not intuitive at all” and 5 meaning “Completely intuitive”. Open-ended questions 

were asked at the end of the survey to investigate participants’ views on what contributed in the 

presented scenarios to a signal being more or less intuitive as intention or instruction information. 

mailto:p.d.thomas@lboro.ac.uk


2.2 Experimental setup 
An online survey was developed where participants were shown animations for a total of 36 different 

road scenarios, created from the four independent variables. Participants were told that they would be 

presented with different animations featuring an AV which would have either reached a standstill, or still 

be approaching the crossing, in both cases intending to stop for the pedestrian. No speed information 

was provided in the survey (i.e. the vehicle was shown as stationary), to avoid the intuitiveness ratings 

being influenced by this additional factor. A brief introduction to AVs was provided at the beginning of 

the survey and a description was given for each scenario, where the supposed meaning of the eHMI 

was shown either in the form of an instruction or in the form of an intention, followed by the intuitiveness 

rating scale. The order of scenarios and messages was randomised to reduce the potential for 

confounding effects. The vehicle, an Audi A7, was modelled in Solidworks 2020, and the animations 

were created using Luxion KeyShot 2020 and Autodesk Maya 2019.  

Photos were used as backgrounds, to provide the context for the different scenarios, which were taken 

at selected locations in the town of Loughborough, UK. A Sony A7ii. was used to take the photos, with 

a 12mm f/2.0 lens which made it possible to capture a wide shot of the road site. 

The light patterns have been adapted from those investigated by Lee et al. (2019) and Dey et al. (2020) 

and were shown in turquoise colour, RGB (0,255,255) as this has been found to be neutral in the context 

of AV’s eHMI, for it has not any associated meaning in current traffic (Faas & Baumann, 2019; Dey et 

al., 2020). 

 

It should be noted that the study had been designed originally as a field experiment. However, due to 

the Covid-19 pandemic, it was adapted to be carried out as a survey instead. Using photos of existing 

road sites, made it possible to retain a higher level of realism in the animations. 

 

2.3 Participants 

Ninety-six participants took part in the study (ages 18-64 years, mean age = 31.41 years, SD=11.72). 

The sample included 57 women (59%) and 39 men (41%). Responses by seven participants were 

excluded from the analysis as they failed to answer the consistency check questions correctly, and 

therefore a total of eighty-nine participants were included in the analysis. All participants had normal or 

corrected-to normal vision and lived in the UK. Participants were recruited through different online and 

social media advertising. and incentives were offered in the form of a £10 Amazon Voucher assigned 

randomly to four participants.  

The study protocol was reviewed and approved by the Loughborough University Ethics Human 

Participant Sub-Committee. All participants provided informed consent to take part in the study. 

 

3. RESULTS 

A repeated measures ANOVA was performed on the data to examine the effect of light animation, 

message type, vehicle behaviour and road priority on eHMI intuitiveness ratings. Post-hoc pairwise 

comparisons were performed where significant effects have been found and interaction effects were 

investigated for the message variable interaction with the other variables. A Bonferroni correction was 

applied. The statistical analysis was carried in SPSS Statistics (Version 25) and statistical significance 

Figure 1: Examples of the scenarios presented to the participants.  



was set at p≤0.05 level. Quotes from the participants answers to the open-ended questions are also 

reported.  

3.1 Effect of Road priority, Vehicle Behaviour and Light Pattern on eHMI Intuitiveness 

Ratings 
There was a statistically significant effect of vehicle behaviour and light animation pattern on the eHMI 

intuitiveness ratings, F(1, 88) = 20.46, p < .001, ηp
2 = .19, F(2, 176) = 20.26, p < .001, ηp

2 = .19 

respectively. Mean intuitiveness ratings for a stationary vehicle in proximity of the crossing were higher 

than for a moving vehicle approaching the crossing from a distance, respectively 3.07 (SD = 1.22), 3. 

34 (SD = 1.23). Some participants explained that the vehicle being stationary, as well as it being in 

proximity to the crossings, made it clearer that  the vehicle intended to give them right of way. The 

following comments illustrate this point: “the vehicle needs to have stopped completely to send a 

message”, “If the vehicle is still moving, it is not sending the message ‘safe to cross’”, and “(the) lights 

gave me more confidence when the car was stopped close to a line”. For some, an eHMI presented for 

a vehicle which was still approaching the crossing, especially a fast pulsing light, denoted a decelerating 

behaviour rather than an explicit indication that the vehicle was intending to give way as the following 

comments explain “higher frequency signify `some action` going on - in this case slowing down”, “more 

constant light pattern but when its faster its more intuitive of a vehicle moving but slowing down”.  

The pairwise comparisons between the different light patterns, revealed that the fast-pulsing light 

animation scored significantly higher intuitiveness ratings (M = 3.56, SD =  1.24) compared to the slow-

pulsing light animation (M = 2.94, SD = 1.16), p <.001 and the sweeping light animation (M = 2.90, SD 

= 1.21), p <.001. No significant differences were found between a slow pulsing light and a sweeping 

light. Opinions differed on signal preference; pulsing lights, fast or slow, seemed to appear more intuitive 

to the majority of participants compared to the light moving sideways which was associated to a different 

meaning i.e., “the vehicle is looking around” “is scanning and observing the environment”. Elements 

which were particularly appreciated about the fast pulsing lights were their constant and dynamic pace, 

the higher visibility, and the familiarity with existing road communication strategies. Below are some 

examples of comments which elucidate these aspects. “a more continuous and faster paced light 

sequence makes it easier to understand”, “any signal needs to be quick to spot for everyone, out of the 

three signals only one conveys this: the signal that blinks quickly”, “faster flashing lights made it easier 

to see the car was signalling and the situation was clear what the car was saying”. “(the fast pulsing 

light) is more like what cars do in everyday life when they let you cross”, “while it is not part of the DVSA 

test, common practise for allowing someone to pass is to flash your head lights at them”.  

The flashing light was also perceived as delivering a stronger message “to me, the speed of the flashing 

gave a stronger message that it was safe to cross” implicating for some an urgency to cross the road 

“faster implies ‘hurry up’”, “the faster lights just made me feel hurried” and “fast flashing feels like a 

sense of urgency”. On the other hand, a slow pulsing pattern was appreciated for conveying a sense of 

calm and an intention to wait as the following comments highlight: “slow and gentle flashes or motion 

indicate safety”, “the slow pulsing light looks like a calmer message so to me it looks like could 

communicate a giving way message to the pedestrian” and “I think a calmer pace of lights, to indicate 

the car is not planning on going anywhere”. Road priority did not have a statistically significant effect on 

eHMI intuitiveness ratings, F(2, 176) = .36, p = .695,  ηp
2 = .004. Almost no reference to road priority 

was made by participants when describing elements which contributed to signal intuitiveness. Only one 

respondent reported “in the carpark is the worst as it could mean anything - the car could be about to 

make numerous manoeuvres”. A participant also reported “personally, the variation in the scenarios 

didn't matter too much to me - my view on whether to proceed as a pedestrian would always be based 

on what I thought the vehicle was doing”. 

 

3.2 Effect of Message type on intuitiveness ratings 
Message type did not have any significant effect on eHMI intuitiveness ratings, F(2, 176) = 1.98, p 

= .141, ηp
2 = .052 and the interaction between message type and vehicle behaviour, light animation and 

road priority did not have any significant effect on eHMI intuitiveness ratings, F(1, 88) = 1.97, p = .164, 

ηp
2= .024, F(2, 176) = 1.98, p = .141, ηp

2 < .023, F(1.78,156.99) = .26, p = .772, ηp
2 = .002. respectively. 



Participants’ responses are in line with these results. In fact, similar statements were made for the two 

types of messages and participants indicated that they would find the same answer to be true for either 

message types as indicated by comments as “same as above” “again(...)”, “same as previous answer”. 

4. CONCLUSION 

The findings showed that eHMIs in the form of light animations can be interpreted equally well as 

instruction and intention messages for different light patterns, road priorities and vehicle behaviours. 

Since independently of these different aspects, a message can be perceived as either egocentric or 

allocentric, as eHMIs are developed it might be wise to educate pedestrians about the capabilities and 

limitations of AVs, regardless of the concept design,  to avoid creating erroneous expectations as well 

as overreliance on these signals when making road-crossing decisions. A recent study by Lee et al. 

(2021) showed how eHMIs can negatively impact pedestrians’ exploratory behaviour when crossing, 

leading to less careful crossing practices. Also of concern is the potential for eHMIs to override existing 

regulations for different road priorities and become relied upon by pedestrians as official road signals in 

scenarios where the right of way is uncertain. More research is needed to investigate this further, for 

different traffic scenarios and eHMIs. 

It would also be good practice to ensure that eHMIs do not convey a sense of urgency making 

pedestrians feel hurried or pressured to cross the road, while preserving eHMIs visibility. Research has 

shown that the presence of eHMIs can stimulate early crossing (Kaleefathullah et al., 2020), especially 

in the presence of a dynamic eHMI (Wilbrink et al., 2021), and quicker walking pace (Kooijman et al., 

2019). Whether this could be due in part to pedestrians feeling pressured to cross the road or to how 

“strong” and authoritative a message is perceived has not yet been investigated. Research is needed 

to determine which elements, besides eHMIs pulsing pace in the case of light patterns, might have such 

effects.  

The results also showed that a vehicle’s proxemics and kinetics can be important cues for pedestrians 

when deciphering an AV’s intentions. This finding is in line with previous research which indicates that 

vehicle behaviour and proximity to the pedestrian can impact message intuitiveness and meaning (Dey 

et al., 2020; Domeyer et al., 2019; Sripada et al., 2021). It is crucial that eHMIs are designed which 

reflect the vehicle’s behaviour and are presented at the right point in time and space (distance from the 

pedestrian). 

Finally, elements such as visibility and familiarity with existing road communication cues are contributing 

elements to message intuitiveness and should be considered when designing AV’s messages to 

pedestrians. 

A major limitation of the current study is the experiment being online. Although consistency checks were 

used to ensure that only participants who understood the questions correctly were included in the 

analysis, control over the quality of the responses is limited. A further limitation is the lack of other traffic 

participants in the selected scenarios. In situations with multiple road users, the presence of an eHMI 

for different conditions could be interpreted together with the surrounding traffic. Thus, multi-road user 

scenarios should be considered in future studies. More research is also needed to investigate whether 

eHMIs can have negative effects on pedestrians’ behaviours and attitudes on the road. 

 

 

 

 

 

 

 



REFERENCES 

Ackermann, C., Beggiato, M., Bluhm, L., Low, A., & Krems, J. F., (2019). Deceleration parameters and 
their applicability as informal communication signals between pedestrians and automated 
vehicles. Transportation research part F: Traffic psychology and behaviour. 62, 757-768. 
https://doi.org/10.1016/j.trf.2019.03.006. 

 

Autodesk, Inc. (2021) Autodesk Maya for Windows, Version 2019.2. . [Computer software]. San 
Rafael, CA. https://www.autodesk.com/products/maya-lt/overview. 

 

Bazilinskyy, P., Dodou, D., & De Winter, J. (2019). Survey on eHMI concepts: The effect of text, color, 
and perspective. Transportation research part F: traffic psychology and behaviour, 67, 175-194. 
https://doi.org/10.1016/j.trf.2019.10.013 

 

Clamann, M., Aubert, M., & Cummings, M.L., (2017). Evaluation of vehicle-to-pedestrian 
communication displays for autonomous vehicles. Transportation Research Board 96th Annual 
Meeting (pp. 1-13). Transportation Research Board. 

 

Dassault Systèmes SOLIDWORKS Corp. (2021) Solidworks Education Edition for Windows, Version 
SP5.0. [Computer software]. Waltham, MA. 
https://www.solidapplications.co.uk/?gclid=CjwKCAjw1JeJBhB9EiwAV612y59JjGx0-uSLS3r9-
nvpCi18dTtgHIjJSUHT_0mZ1FH1P2fNfuF1uBoCfIgQAvD_BwE   

 

Dey, D., Habibovic, A., Pfleging, B., Martens, M., & Terken, J. (2020). Color and animation 
preferences for a light band eHMI in interactions between automated vehicles and pedestrians. 
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (pp. 1-13). 
ACM. https://doi.org/10.1145/3313831.3376325 

 

Dey, D., Holländer, K., Berger, M., Eggen, B., Martens, M., Pfleging, B., & Terken, J. (2020, 
September). Distance-dependent eHMIs for the interaction between automated vehicles and 
pedestrians. In R. Bernhaupt, F. L. Mueller & D. Verweij (Eds), 12th international conference on 
automotive user interfaces and interactive vehicular applications (pp. 192-204). ACM. 
https://doi.org/10.1145/3409120.3410642 

 

Dietrich, A., Willrodt, J., Wagner, K. & Bengler, K. (2018) Projection-Based External Human Machine 
Interfaces – Enabling Interaction between Automated Vehicles and Pedestrians. In A. Kemeny, 
J. Chardonnet, F. Colombet, S. Espié & F. Merienne (Eds) Proceedings of the Driving 
Simulation Conference Europe 2018 VR (pp. 43-50). Driving Simulation Association.  

 

Domeyer, J., Dinparastdjadid, A., Lee, J. D., Douglas, G., Alsaid, A., & Price, M. (2019). Proxemics 
and kinesics in automated vehicle–pedestrian communication: Representing ethnographic 
observations. Transportation research record, 2673(10), 70-81. 
https://doi.org/10.1177/0361198119848413 

 

Faas, S. M., & Baumann, M. (2019). Light-based external human machine interface: Color evaluation 
for self-driving vehicle and pedestrian interaction. Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting, 63(1), 1232-1236. 
https://doi.org/10.1177/1071181319631049 

 

GOV.UK (2021, March) The Highway Code: General rules, techniques and advice for all drivers and 
riders (103 to 158). UK Department for Transport. https://www.gov.uk/guidance/the-highway-
code  

 

https://doi.org/10.1016/j.trf.2019.03.006
https://www.autodesk.com/products/maya-lt/overview
https://doi.org/10.1016/j.trf.2019.10.013
https://www.solidapplications.co.uk/?gclid=CjwKCAjw1JeJBhB9EiwAV612y59JjGx0-uSLS3r9-nvpCi18dTtgHIjJSUHT_0mZ1FH1P2fNfuF1uBoCfIgQAvD_BwE
https://www.solidapplications.co.uk/?gclid=CjwKCAjw1JeJBhB9EiwAV612y59JjGx0-uSLS3r9-nvpCi18dTtgHIjJSUHT_0mZ1FH1P2fNfuF1uBoCfIgQAvD_BwE
https://doi.org/10.1145/3313831.3376325
https://doi.org/10.1145/3409120.3410642
https://doi.org/10.1177/0361198119848413
https://doi.org/10.1177%2F1071181319631049
https://www.gov.uk/guidance/the-highway-code
https://www.gov.uk/guidance/the-highway-code


Guéguen, N., Meineri, S., & Eyssartier, C., (2015). A pedestrian’s stare and drivers’ stopping behavior: 
A field experiment at the pedestrian crossing. Safety Science, 75(0), 87–89. 
https://doi.org/10.1016/j.ssci.2015.01.01810.1016/j.ssci.2015.01.018. 

 

Habibovic, A., Lundgren, V. M., Andersson, J., Klingegård, M., Lagström, T., Sirkka, A., Fagerlönn, J., 
Edgren, C., Fredriksson, R.,  Krupenia, S., Saluäär, D., & Larsson, P. (2018). Communicating 
intent of automated vehicles to pedestrians. Frontiers in psychology, 9, 1336. 
https://doi.org/10.3389/fpsyg.2018.01336 

 

Hermann, A., Brenner, W. and Stadler, R (2018). Autonomous Driving: How the Driverless Revolution 
Will Change The World. 1st ed. Emerald Publishing Limited. 

 

Kaleefathullah, A. A., Merat, N., Lee, T. M., Eisma, Y. B., Madigan, R., Garcia J., & de Winter, J. 
(2020). External Human–Machine Interfaces Can Be Misleading: An Examination of Trust 
Development and Misuse in a CAVE-Based Pedestrian Simulation Environment. Human 
factors: The Journal of the Human Factors and Ergonomics Society, 1-16. 
https://doi.org/10.1177/0018720820970751 

 

Kooijman, L., Happee, R., & de Winter, J. C. (2019). How do eHMIs affect pedestrians’ crossing 
behavior? A study using a head-mounted display combined with a motion 
suit. Information, 10(12), 386. https://doi.org/10.3390/info10120386 

 

Lee, J., Daimon, T., & Kitazaki, S. (2021). Negative Effect of External Human-Machine Interfaces in 
Automated Vehicles on Pedestrian Crossing Behaviour: A Virtual Reality Experiment. In N. L. 
Black, W. P. Neumann & I. Noy (Eds), Lecture Notes in Networks and Systems: Vol. 221.  
Congress of the International Ergonomics Association (pp. 718-725). Springer. 
https://doi.org/10.1007/978-3-030-74608-7_88 

 

Lee, Y.M., Madigan, R., Garcia, J., Tomlinson, A., Solernou, A., Romano, R., Markkula, G., Merat, N. 
and Uttley, J. (2019). Understanding the messages conveyed by automated vehicles. In 
Chuang, L. L., & Ju, W. (Eds) Proceedings of the 11th International Conference on Automotive 
User Interfaces and Interactive Vehicular Applications (pp. 134-143). Association for Computing 
Machinery. https://doi.org/10.1145/3342197.3344546 

 

Luxion inc. (2021). KeyShot for Windows, Version 9.2.86. [Computer software]. Tustin, CA. 
https://www.keyshot.com/. 

 

Markkula, G., Madigan, R., Nathanael, D., Portuli, E., Lee, Y. M., Dietrich, A., Billington, J., Schieben, 
A. & Merat, N., (2020). Defining interactions: a conceptual framework for understanding 
interactive behaviour in human and automated road traffic. Theoretical Issues in Ergonomics 
Science, 21(6), 728-752. https://doi.org/10.1080/1463922X.2020.1736686. 

 

Rasouli, A., Kotseruba, I., & Tsotsos, J. K. (2017). Agreeing to cross: How drivers and pedestrians 
communicate. 2017 IEEE Intelligent Vehicles Symposium (IV) (pp. 264-269). IEEE. 
10.1109/IVS.2017.7995730 

 

Sripada, A., Bazilinskyy, P., & de Winter, J. (2021). Automated vehicles that communicate implicitly: 
examining the use of lateral position within the lane. Ergonomics, 1-13. 
https://doi.org/10.1080/00140139.2021.1925353 

 

Wilbrink, M., Lau, M., Illgner, J., Schieben, A., & Oehl, M. (2021). Impact of External Human–Machine 
Interface Communication Strategies of Automated Vehicles on Pedestrians’ Crossing Decisions 
and Behaviors in an Urban Environment. Sustainability, 13(15), 8396. 
https://doi.org/10.3390/su13158396 

 

https://doi.org/10.1016/j.ssci.2015.01.01810.1016/j.ssci.2015.01.018
https://doi.org/10.3389/fpsyg.2018.01336
https://doi.org/10.1177/0018720820970751
https://doi.org/10.3390/info10120386
https://doi.org/10.1007/978-3-030-74608-7_88
https://doi.org/10.1145/3342197.3344546
https://www.keyshot.com/
https://doi.org/10.1080/1463922X.2020.1736686
https://doi.org/10.1109/IVS.2017.7995730
https://doi.org/10.1080/00140139.2021.1925353/

