
 

 

Designing in-vehicle signs for connected 
vehicle features: does appropriateness 
guarantee comprehension? 
Payre, W. & Diels, C. 
 
Author post-print (accepted) deposited by Coventry University’s Repository 
 
Original citation & hyperlink:  

Payre, W & Diels, C 2019, 'Designing in-vehicle signs for connected vehicle features: 
does appropriateness guarantee comprehension?', Applied Ergonomics, vol. 80, pp. 
102-110. 
https://dx.doi.org/10.1016/j.apergo.2019.05.006  
 

DOI 10.1016/j.apergo.2019.05.006 
ISSN 0003-6870 
ESSN 872-9126 
 
Publisher: Elsevier 
 
NOTICE: this is the author’s version of a work that was accepted for publication in 
Applied Ergonomics. Changes resulting from the publishing process, such as peer 
review, editing, corrections, structural formatting, and other quality control 
mechanisms may not be reflected in this document. Changes may have been made 
to this work since it was submitted for publication. A definitive version was 
subsequently published in Applied Ergonomics, [80], (2019) DOI: 
10.1016/j.apergo.2019.05.006 
 
© 2017, Elsevier. Licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 
 
Copyright © and Moral Rights are retained by the author(s) and/ or other copyright 
owners. A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge. This item cannot be reproduced or quoted extensively 
from without first obtaining permission in writing from the copyright holder(s). The 
content must not be changed in any way or sold commercially in any format or medium 
without the formal permission of the copyright holders.  
 
This document is the author’s post-print version, incorporating any revisions agreed during 
the peer-review process. Some differences between the published version and this version 
may remain and you are advised to consult the published version if you wish to cite from 
it.  

http://creativecommons.org/licenses/by-nc-nd/4.0/


1 

Designing in-vehicle signs for connected vehicle features: does appropriateness 

guarantee comprehension? 

William Payre,

Institute for Future Transport and Cities, National Transport Design Centre, Coventry 

University, Priory Street, Coventry, UK, CV1 5FB 

Cyriel Diels, 

Institute for Future Transport and Cities, National Transport Design Centre, Coventry 

University, Swift Road, Coventry, UK, CV1 2TT 

Highlights: 

- Designs based on existing ISO sign standards to illustrate connected vehicle features,

such as Emergency Electronic Brake Lights and Emergency Vehicle Warning, were not

always considered the most appropriate by drivers.

- Displaying a legend along with the emergency braking and vehicle signs supported

drivers’ expected responses for the critical situation.

- There is a discrepancy between the appropriateness of new traffic sign design declared

by participants and their comprehension of these signs.

- Despite being rated as appropriate by participants, some signs were not properly

understood.
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Abstract: 

This paper discusses the design and evaluation of connected and cooperative vehicle 

in-vehicle sign designs displayed on a mobile phone: Emergency Electronic Brake 

Lights (EEBL), Emergency Vehicle Warning (EVW), Traffic Condition Warning, and 

Road Works Warning. Appropriateness and comprehension of each design alternative 

were assessed using quantitative (i.e. Likert scales) and qualitative (i.e. open-ended 

questions) methods. Forty-four participants took part in the study and were shown 

twelve dashboard camera videos presenting a total of eleven designs alternatives, 

displayed with or without a legend. Despite their appropriateness, EEBL and EVW 
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signs displayed with a legend were better comprehended and less ambiguous than those 

displayed without a legend. Moreover, displaying a legend below the signs to warn 

drivers of an emergency braking ahead was efficient in low visibility condition and 

could potentially increase safety in critical situations. 

1. Introduction  
Driver information provision is the critical interface for any Vehicle to Vehicle 

(V2V), Vehicle to Infrastructure (V2I) or Vehicle to Everything (V2X) application. 

Therefore, the design and impact of driver information is crucial for such applications. 

Today, the majority of drivers already use nomadic In-Vehicle Information Systems 

(IVIS), i.e. mobile phones and SatNavs. In future, driver information will increasingly 

become available via integrated and embedded in-vehicle displays including the 

instrument cluster, centre console display, or Head Up Display (HUD) (Everis, 2015). 

By providing drivers with additional information such as in-vehicle signage, traffic 

information or advance warning signals, these systems have the potential to improve 

road capacity, road safety, and user comfort (European Commission, 2016). However, 

these systems also present drawbacks and may not achieve the safety purposes they 

were designed for. For instance, drivers can look at displays in the vehicle rather than 

the road scene, resulting in drivers being distracted and inattentive (Bark, Tran, 

Fujimura & Ng-Thow-Hing, 2014; Lerner, Robinson, Singer, Jenness, Huer, Baldwin 

et al., 2014). Considering that distraction is responsible for almost 80% of road 

accidents (Klauer, Dingus, Neale, Sudweeks & Ramsey, 2006), implementing 

additional in-vehicle information systems could create a paradox. There is also the risk 

that these systems may not match individuals’ physical and cognitive capabilities 

(Bhise, 2012, p.30). Hence, this expansion of functions and systems introduces new 

challenges for HMI designers and a balance has to be found between HMI effectiveness 

in affecting drivers’ behaviour, system acceptance, and driver distraction. 

One of the human factors issue for these additional safety-related applications 

relates to the question as to what information to present and should take into 

consideration the need for safe, usable, and effective interfaces. In that regard, 

investigating the comprehension of traffic safety related signs seems to be crucial, 

especially when the symbols displayed are novel or not previously been used in the 

context of in-vehicle driver information.  
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Previous studies have shown that traffic signs symbols are not always 

understood by drivers (Al-Madani & Al-Janahi, 2002; Shinar, Dewar, Summala & 

Zakowska, 2003). Familiarity and standardisation are among the reasons explaining to 

some degree traffic signs misunderstanding (Shinar et al., 2003), with standardisation 

being the most important one (Jamson & Mrozek, 2017). Indeed, a worldwide standard 

for traffic signs does not exist even though some common features and guidelines are 

shared among countries. For example, the octagonal stop sign is very similar from one 

country to another, although the word stop might differ depending on the local 

language. Also, the no overtaking sign differs in some countries despite a common 

design: the black and red cars on a white and red circle is whether crossed by a diagonal 

red line or not. Regarding familiarity, this concept could be defined as the frequency of 

a sign being seen and learnt by a road user.  

A further concept contributing to the comprehension of traffic signs is 

compatibility (Ben-Bassat & Shinar, 2006; Shinar et al., 2003). Compatibility is 

composed of four principles (Sanders & McCormick, 1993). The first one is spatial 

compatibility and refers to the position of controls in space and their associated displays. 

Regarding traffic signs, a vertical arrow pointing up and pointing to the right represents 

a right turn on the road illustrates spatial compatibility for example. Conceptual 

compatibility is the congruence between symbols and the conceptual representations 

people have, e.g. an exclamation mark on a traffic sign symbolises a warning. 

Movement compatibility deals with the connection between movement of displays and 

controls and their outcome on the environment, e.g. the clockwise rotation of the 

speedometer needle is associated with accelerating. Modality compatibility refers to 

specific stimulus-response combinations, e.g. a visual stimulus is more compatible with 

a manual response than a verbal response for a spatial task in an aircraft simulation 

(Wickens, Hollands, Banbury & Parasuraman, 2015). Modality compatibility is not 

further investigated in this study since it refers to the display modalities rather than the 

content of the symbol. Finally, Shinar et al. (2003) suggest that physical representation 

is a criterion to be considered in order to improve traffic signs comprehension. It refers 

to the resemblance of the sign content and reality, e.g. the roadworks sign illustrates 

congruously workers operating on the road. 

Along with compatibility, situation awareness (Endsley, 1995) will help 

understand what conveys the comprehension of warning signs displayed in the vehicle 

in a dynamic environment. Situation awareness could be summarised as the 
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understanding of what is happening around the user (Salmon, Stanton, Walker, Jenkins, 

Ladva, Rafferty & Young, 2009). It has three levels: perception (e.g. what happened?), 

comprehension (e.g. what does it mean?) and projection (e.g. what is going to happen?) 

leading individual to make decision and finally perform actions. These three levels can 

provide a framework to capture how drivers understand signs and warnings displayed 

in their vehicle. 

In the current study we first consider the design of V2X signs to convey four 

safety related-features: Emergency Electronic Brake Lights (EEBL), Emergency 

Vehicle Warning (EVW), Traffic Condition Warning (TCW), and Road Works 

Warning (RWW). These features were picked because they allowed retrofitting when 

used with a mobile phone. Also, they relied on both vehicle to vehicle and vehicle to 

infrastructure technology, which was the main focus of the UKCITE project. The 

project’s goal is to create an advanced environment for testing connected and automated 

vehicles using V2X technologies. i.e. LTE, ITS-G5, WiFi. The goal is to establish how 

these technologies can improve journeys and safety through better connectivity.  

The RWW feature informs drivers when approaching road works areas. Via 

communication technologies installed at the roadside, it provides information on 

current valid roadwork and associated constraints. The TCW feature provides the driver 

with information regarding the traffic situation, e.g. congestion ahead. The EEBL 

feature aims at improving safety in a dense driving environment, by avoiding rear end 

collisions, which can occur if a vehicle ahead suddenly brakes, specifically in situations 

with low visibility. It displays a warning to the driver to make them aware of a vehicle 

ahead performing an emergency braking (i.e. >4m/s2). It is particularly useful in bad 

visibility conditions (e.g. there is a car between the lead vehicle braking and the ego 

vehicle). This feature is the most critical in the present study, as criticality refers to the 

life-threatening consequences of an action (Hanson, Bliss, Harden & Papelis, 2014). 

Finally, the EVW feature warns drivers about an approaching emergency vehicle and 

provides them with advanced warning to take timely and appropriate actions, e.g. lane 

change. Whereas some of the sign designs are based on existing roadside signs (i.e. 

RWW, TCW), other applications require the design of new signs (i.e. EEBL and EVW). 

The aim of this study was to develop and evaluate traffic warning signs focusing 

on users’ comprehension and understanding of the expected response. The signs design 

and the legends displayed were based on the mentioned ergonomic guidelines, along 

with the UK Highways England and ISO standards to comply with local traffic 
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regulations. It is expected that signs following the ergonomic principles of 

compatibility, standardisation and familiarisation will be considered the most 

appropriate by individuals. Similarly, displaying a legend with the signs will improve 

their comprehension, especially when they are not familiar, advocating previous 

research (Shinar & Vogelzang, 2013). These principles will also help drivers choosing 

an adequate response or behaviour in accordance to the warning displayed. Eventually, 

the environmental cues, such as the clear visibility of the vehicles’ ahead braking lights, 

have an impact on the comprehension of the sign. 

2. Method 

2.1. Participants 

The sample consisted of 44 participants, however three of them were removed from 

the analysis since they did not fill in the questionnaire entirely. Participants were of 

which 27 were male and 14 female and were recruited amongst students and staff 

members from Coventry University and Coventry City Council. The average age was 

31 years with a standard deviation of 12.1. Thirty-six were licensed drivers, with 0 to 

38 years of driving experience either in the UK or in the European Union (M = 12.4, 

SD = 11.5). Five of them were passing their driving license at the time of the study. 

They drove on average 7115.3 miles a year (min = 0, max = 20000, SD = 4997). They 

were free to withdraw from the study at any time. 

 

2.2. Experimental design  

Table 1 summarises the different conditions that were evaluated in this study. 

Legend was included as the between-subject variable with two levels: present vs. 

absent.  Participants were distributed into two between-subject conditions: they were 

shown videos displaying either the signs with legends or the signs without legends.  

A within-subject design was also used so participants were shown three design 

alternatives for both the EEBL and EVW signs. Legends were displayed below the 

signs, in congruence with UK gantry standards (Highways England, 2016). Two 45 

minutes sessions were conducted over two days, one for each experimental condition. 

Besides, displaying the EEBL sign with and without the vehicle ahead braking tail lights 

was a within subject condition (see Table 1).  
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Table 1 Experimental design 

 Legend (between-subject variable) 

Present Absent 

 3 EEBL design alternatives, 

no braking lights ahead 

3 EEBL design alternatives, no 

braking lights ahead 

Within-subject 

variable 

3 EEBL design alternatives, 

braking lights ahead 

3 EEBL design alternatives, 

braking lights ahead 

 3 EVW design alternatives 3 EVW design alternatives 

 TCW TCW 

 RWW RWW 
Note: EEBL stands for Emergency Electronic Brake Lights, EVW for Emergency Vehicle Warning, TCW 

 for Traffic Condition Warning and RWW for Roadworks Warning. 

2.3. Procedure and measures 

Following their arrival, participants were explained that the study aimed at 

investigating the comprehension of new safety-related traffic signs displayed in 

connected vehicles. After each video, participants were asked three questions and had 

to write down their answers:  

- What do you think this sign means?  

- What would you do in response to seeing this sign? 

- Following the sign you were shown, what would you expect to see on the road next? 

These questions refer to the three levels of situation awareness (Endsley, 1995) and 

were asked to collect qualitative data. 

Following the presentation of the 12 videos (i.e. including the example video), 

they were provided the definitions of each of the four features illustrated by the eleven 

signs. They were then asked to fill out a further questionnaire to rate how appropriate 

they considered each of the signs for each of the different features, e.g. “Please rate how 

appropriate you think each of the following signs are for the Emergency vehicle 

feature”. A 7-point Likert scale was used which ranged from 1: Not at all to 7: Totally. 

Finally, participants filled out a demographic questionnaire containing questions about 

participants’ gender, age, whether they had a driving license, and their average yearly 

mileage. 
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2.4. Material 

2.4.1. Video 

Participants from both experimental conditions were shown 12 videos on a 

93cm*52cm screen, with a refresh rate of 120Hz and a resolution of 1920*1080 pixels. 

These videos illustrated situations in which signs were displayed in the vehicle while 

driving at 70 mph on a UK motorway. The first video was an example to accustom 

participants with the material and procedure of the study. The following eleven videos 

were displayed in a randomised order. Six of them illustrated the EEBL feature, among 

which the three sign design alternatives were displayed respectively with or without a 

vehicle performing a harsh braking ahead to test the impact of environmental cues (i.e. 

high versus low visibility condition) on participants’ signs comprehension. Three 

videos illustrated the three alternatives for the EVW signs, and one video for both the 

TCW and RWW. All the videos were presented in a randomised order.   

Signs were not paired with an acoustic signal. Only the sound of the vehicle’s 

engine was displayed. The first perspective was used so participants could imagine 

themselves driving the vehicle. All signs were displayed at the bottom part of the screen 

for a duration of 3 secs (Figure 1), which could be considered the amount of time the 

perception and comprehension should take place in. The rationale underpinning this 

duration was that glance durations longer than 2 secs away from the road scene 

increased crash risks by two times (Klauer et al., 2006). Showing the signs for a longer 

duration could also be distractive. The legend displayed in the experimental group was 

Roadworks ahead for the RWW, Congestion ahead for the TCW, Braking ahead for 

the EEBL and Emergency vehicle for the EVW. Each of the three EEBL signs were 

displayed in either low or high visibility conditions, i.e. a car obstructed the visibility 

so participants could not see the vehicle’s ahead braking tail lights in the low visibility 

condition, and braking tail lights were visible in the high visibility condition.  
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Fig.1. Screenshot of the video displaying sign 2 with a legend for the Emergency Electronic Brake Lights (EEBL) 

feature 
 

2.4.2. Road Works Warning (RWW) 

The signs shown to participants for the RWW feature (see Figure 2) consisted 

of the UK roadside signs as per the Department for Transport and Highways England 

regulations (Department for Transport, 2003; Highways England, 2016). The legend 

alone was only shown in the post experimental questionnaire as a design alternative 

since this sign is already standardized and can be seen frequently on the UK road 

network. 

 

 
 

Fig. 2. Signs 1 (left) and 2 (right) for the Road Works Warning (RWW) feature 

 

2.4.3. Traffic Condition Warning (TCW) 

The sign shown to participants for the TCW feature (see Figure 3) consisted of the 

UK roadside signs as per the Department for Transport and Highways England 

regulations (Department for Transport, 2003; Highways England, 2016). The 
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legend alone was only shown in the post experimental questionnaire as a design 

alternative since this sign is already standardized and can be seen frequently on the 

UK road network. 

 

 
 

Fig. 3. Signs 1 (left) and 2 (right) for the Traffic Condition Warning (TCW) feature 

 

2.4.4. Emergency Electronic Brake Lights (EEBL) 

EEBL sign 1 originated from the DRIVE C2X project (2014) as well as the ISO 

7000-2684 Forward collision warning system K.15 symbol (2012), and was slightly 

redesigned to match UK Highways England road gantry standards (Department for 

Transport, 2013; Highways England, 2016) (see Figure 4). The ISO 7000-2569 

Passenger car X.02 symbol (2012) was also used to illustrate the two vehicles 

represented. The concept of movement compatibility is illustrated with the inclined 

exclamation marking and the three dashes added to the original ISO symbol, suggesting 

the car on the left gets too close to the one on the right. EEBL sign 2 signifies a generic 

danger warning, represented by an exclamation mark. EEBL sign 3 was based on 

existing car features such as press clutch/brake pedal in order to be able to start the 

engine. A pedal below the shoe was added to better illustrate the act of braking, in 

congruence with the concept of physical representation. The legend displayed below 

the sign in the experimental group was Braking ahead. 

 

Fig. 4. Signs 1 (left), 2 (middle) and 3 (right) for the Emergency Electronic Brake Lights (EEBL) feature 
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2.4.5. Emergency Vehicle Warning (EVW) 

Figure 5 shows the EVW signs used. Signs 1 & 2 were based on the ISO 7000-

2565 Emergency first aid vehicle symbol L.14. Sign 2 was based on the same symbol 

and the ISO 7000-1421 Interior compartment illumination symbol (2012) with a 180° 

rotation was added on top of it, supporting the physical representation design criteria. 

EVW sign 3 was designed using a generic front/tail car symbol with the 180° rotated 

ISO 7000-1421 symbol (2012) on top of it. The legend displayed below the sign in the 

experimental group was Emergency vehicle. 

 

 
Fig. 5. Signs 1-3 for the Emergency Vehicle Warning (EVW) signs 

3. Results 

3.1. Qualitative data for the Emergency Electronic Brake Lights 

(EEBL) 

 Since the EEBL was the most safety critical feature, the participants’ 

comprehension of the design alternatives was further investigated. The participants’ 

verbatim was coded in order to categorise their answers to the question What would you 

do in response to seeing this sign? For each EEBL design alternative, a list of keywords 

was extracted to allow qualitative analysis (see Table 2). Some of the keywords were 

reported twice per participant (e.g. I would slow down and brake was coded twice as 

slowdown). 
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Table 2 List of keywords and their frequencies (in brackets) for each EEBL design alternative, with and without a 
legend displayed, and with or without braking lights visible ahead of the ego vehicle. 

 
 

EEBL sign 1 
 

EEBL sign 2 
 

EEBL sign 3 
 

EEBL sign 1’ 
 

EEBL sign 2’ 
 

EEBL sign 3’ 

With 

visible 

braking 

lights 

ahead 

Number of different keywords 

7 3 6 4 3 4 

Slow down 

(8), pull in (2), 

avoid car (1), 

maintain speed 

(1), increase 

distance (4), 

keep distance 

(6), no action 

(2) 

Slow  down 

(15), no action 

(8), stop (1) 

Slow down 

(10), no action 

(6), accelerate 

(3), foot over 

brake (3), 

adjust speed 

(1), lift foot off 

accelerator (1) 

Slow down 

(20), pull in 

(1), no action 

(1), keep 

distance (2) 

Slowdown 

(19), no action 

(2), keep 

distance (2) 

Slow down 

(14), no action 

(5), increase 

distance (1), 

keep distance 

(1) 

No visible 

braking 

lights 

ahead 

Number of different keywords 

6 4 8 5 3 4 

Slow down 

(6), adjust 

distance (1), 

maintain speed 

(1), keep 

distance (7), 

increase 

distance (2), 

no action (5) 

Slow down 

(10), keep 

distance (1), 

maintain speed 

(1), no action 

(11) 

Lift off from 

accelerator (1), 

slow down 

(11), accelerate 

(5), foot over 

brake (4) 

divert (1), 

adjust speed 

(1), foot over 

accelerator (1), 

no action (4) 

Slow down 

(18), adjust 

speed (1), 

activate hazard 

lights (1), no 

action (2), 

keep distance 

(3) 

Slow down 

(18), keep 

distance (2), 

no action (3) 

Slow down 

(14), no action 

(5), increase 

distance (1), 

keep distance 

(2) 

 

The number of keywords for each sign was smaller in the between-participant 

legend present condition than in the legend absent condition. It was also smaller in the 
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within-subject visible braking lights condition than in the non-visible condition. In both 

experimental conditions, EEBL sign 2 had the lowest number of different keywords.   

Chi-square tests of independence were calculated comparing the frequency of 

the observations for each keyword presented in Table 2, depending on whether a legend 

below the sign was displayed or not. The significant differences along with the 

interactions are reported in Table 3. 
Table 3 Chi-square analysis for the EEBL keywords data set 

 Variable Keywords Condition Chi-square df* p value 

 
EEBL sign 1 

Slow down 
with braking lights 15.5 1 p = .001 

without braking lights 16.2 1 p = .001 

Increase distance 
with braking lights 4.2 1 p = .04 

without braking lights 2 1 p = .16 

 
EEBL sign 2 

Slow down 
with braking lights 5.2 1 p = .07 

without braking lights 8.2 1 p = .02 

No action 
with braking lights 4.4 1 p = .04 

without braking lights 6.4 1 p = .01 

 
EEBL sign 3 

Foot over the brake 
with braking lights 4.2 1 p = .04 

without braking lights 4.2 1 p = .04 

Accelerate 
with braking lights 3.1 1 p = .08 

without braking lights 5.4 1 p = .02 
* Degrees of freedom 

 

Regarding EEBL sign 1, participants who were shown the signs without the 

associated legend declared having less intention to slow down, whether braking lights 

ahead were visible or not. Also, when the braking lights were visible, participants from 

the legend condition had more intentions to increase the distance with the vehicle ahead 

than those from the control group. 

Another significant interaction was that in the no legend condition, more 

participants who were shown EEBL sign 2 with visible braking lights ahead declared 

they would slow down than when no braking lights were visible. In the no legend 

condition, participants declared more times they would not perform any action than in 

the legend condition, whether braking lights ahead were visible or not. 

Finally, participants who were shown EEBL sign 3 in the no legend condition 

declared more times they would put their foot over the brake pedal than those in the 
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legend condition. In the no legend condition, participants declared they would less use 

the accelerator when the braking lights ahead were visible than when they were not. 

 

3.2. Quantitative data: Emergency Electronic Brake Lights (EEBL)  

A one-way within-subject ANOVA was conducted to assess which sign design 

alternative was considered the most appropriate to illustrate the EEBL feature (see 

Table 4). There was a significant effect of the EEBL design alternatives on their 

appropriateness, Wilks’ Lambda = .72, F(2,39) = 7.44, p = .002. Three paired samples 

t-tests were conducted to make post hoc comparisons between conditions. A first paired 

samples t-test indicated that there was a significant difference in the scores for EEBL 

sign 1 and 2, t(40) = 3.66, p = .001. A second paired samples t-test indicated that there 

was not a significant difference in the scores for EEBL sign 1 and 3, t(40) = 1.47, p = 

.15.  A third paired samples t-test showed that there was a significant difference in the 

scores for EEBL sign 2 and 3, t(40) = -2.66, p = .01. 

 
Table 4 Overall appropriateness scores of the three EEBL design alternatives 

 
 

EEBL sign 1 
 

EEBL sign 2 
 

EEBL sign 3 

Mean 5.1 3.5 4.4 

SD 1.7 2.1 2 

Min - Max 2 - 7 1 - 7 1 - 7 

 

 According to the independent t-tests performed, displaying a legend at the 

bottom had a significant positive impact on the appropriateness of EEBL sign 2 (i.e. 

exclamation mark) design alternative, t(39) = 3.83, p = .000. This result was not 

observed for the two other design alternatives, p = .78, p = .21. The additional paired-

samples t-tests conducted showed some significant differences between the design 

alternatives according to the presence or absence of legend (see Figure 6). 
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Figure 6 EEBL appropriateness mean scores. The error bars represent the confidence interval with a level of 95%. 
* p = .01; ** p = .001 

No significant impact of gender, age and driving experience on the 

appropriateness of the signs was found. 

 

3.3. Qualitative data for the Emergency Vehicle Warning (EVW) 
EVW was the second most critical feature, hence the participants’ 

comprehension of the design alternatives was further investigated and coded similarly 

with the EEBL feature. Keywords such as be careful, be aware, look around or pay 

attention were considered similar and were all coded using the keyword be careful. 

  

** 
* 
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Table 5 List of keywords and their frequencies (in brackets) for each EVW design alternative, with and without a 
legend displayed. 

 
 

EVW sign 116 
 

EVW sign 232 
 

EVW sign 334 

 
EVW sign 

1’26 

 
EVW sign 

2’33 

 
EVW sign 

3’31 

 

Number of different keywords 

2* 2 2* 2* 2 2* 

Be careful (14) 

give way (7) 

Be careful (15) 

give way (9) 

Be careful (18) 

give way (2) 

Be careful (19) 

give way (7) 
Be careful (14) 

give way (7) 

Be careful (19) 

give way (5) 

 

The number of keywords for each sign is similar in both the legend present 

condition and the legend absent condition. Chi-square tests of independence were 

calculated comparing the frequency of the observations for each keyword presented in 

Table 5, depending on whether a legend below the sign was displayed or not. The 

significant differences are reported in Table 6. 

 
Table 6 Chi-square analysis for the EEBL keywords data set 

 Variable Keywords Chi-square df* p value 

 
EVW sign 1 

Be careful 5.2 1 p =.02 

Give way 0.2 1 p =.66 

 
EVW sign 2 

Be careful 0.1 1 p = .92 

Give way 0.3 1 p = .6 

 
EVW sign 3 

Be careful 1 1 p = .31 

Give way 1.7 1 p = .19 
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 Displaying a legend below the sign only had a positive significant impact on the 

intended action of being careful for EVW sign 1. More participants declared they would 

be careful when shown the sign with a legend compared to those who were not show 

the legend. 

3.4. Quantitative data: Emergency Vehicle Warning (EVW)  
A one-way within-subject ANOVA was conducted to assess which sign design 

alternative was considered the most appropriate to illustrate the EVW feature (see Table 

7). A significant mean effect was also found for the EVW feature, Wilks’ Lambda = 

.56, F(2,39) = 15.27, p = .000. As shown in table 7, sign 2 was considered more 

appropriate than sign 3, which, in turn was rated more appropriate than sign 1. A paired 

samples t-test indicated a significant difference between EVW sign 1 and 2, t(40) = -

5.25, p = .000 and between EVW sign 2 and 3, t(20) = 2.9, p = .01. EVW sign 2 was 

considered the most appropriate sign. No significant difference was observed between 

EVW sign 1 and 3, t(40) = -.83, p = .41. 

  
Table 7 Overall appropriateness scores of the three EVW design alternatives 

 
 

EVW sign 1 
 

EVW sign 2 
 

EVW sign 3 

Mean 4.3 5.8 4.7 

SD 1.7 1.2 2 

Min - Max 1 - 7 3 - 7 1 - 7 

 

An independent samples t-tests showed that displaying a legend at the bottom of the 

sign did not have a significant impact on any of the three design alternatives’ 

appropriateness (p = .57, p = .98, p = .37). Paired-samples t-tests showed some 

significant differences between the design alternatives according to the presence or 

absence of legend (see Figure 7).  
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Figure 7 EVW appropriateness mean scores, in the legend present condition. The error bars represent the 
confidence interval with a level of 95%. * p = .01; ** p = .001 

No significant impact of gender, age and driving experience on the 

appropriateness of the signs was found. 

 

3.5. Qualitative data: Traffic Condition Warning and Road Works 

Warning (TCW, RWW) 
Participants declared they would either be careful (N= 22) or pay attention (N= 

25) to their surroundings when exposed to the TCW. Similar results were found with 

the RWW, with be careful being reckoned 21 times and pay attention 24 times. Chi-

square tests of independence showed no significant differences between these two key 

words in either conditions for both signs. 

 

3.6. Quantitative data: Traffic Condition Warning and Road Works 

Warning (TCW, RWW) 
Four paired samples t-test were conducted to compare the two design 

alternatives of the RWW signs and the TFC signs (i.e. sign or sign with legend vs. 

legend only). In the legend present condition, appropriateness scores for RWW sign 1 

** ** * 
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(i.e. traffic sign with legend) was significantly greater than sign 2 (i.e. legend only), 

t(19) = 9, p = .000 (Figure 8).  Similarly, appropriateness scores for TCW sign 1 (i.e. 

traffic sign with legend) was significantly greater than sign 2 (i.e. legend only), t(19) = 

8.6, p = .000. 

 
Figure 8 RWW and TCW appropriateness mean scores, in the legend present condition. The error bars represent 
the confidence interval with a level of 95%. *:  p values = .000 

In the legend absent condition (Figure 9), appropriateness scores for RWW sign 

1 (i.e. traffic sign without legend) was significantly greater than sign 2 (i.e. legend 

only), t(20) = 1.9, p = 07. Similarly, appropriateness scores for TCC sign 1 (i.e. traffic 

sign without legend) and sign 2 (i.e. legend only) were even, t(20) = .00, p = 1.000. 

* * 



19 
 

 
Figure 9 RWW and TCW appropriateness mean scores, in the legend absent condition. The error bars represent the 
confidence interval with a level of 95%. 

No significant impact of gender, age and driving experience on the 

appropriateness of the signs was found. 

4. Discussion 
The present study aimed at evaluating connected and cooperative vehicle signs 

using videos and a questionnaire. While some signs already existed (i.e. RWW and 

TCW) others had to be designed (i.e. EEBL, EVW). The results showed that as 

expected, familiar and standardised signs such as Road Works Warning (RWW) and 

Traffic Congestion warning (TCW) performed well in terms of appropriateness in the 

context of in-vehicle warning signs. Displaying a legend below the sign did not have a 

significant impact on their appropriateness. 

The EVW design alternative considered the most appropriate was EVW sign 2, 

which was based on two ISO standards (International Organization for Standardization, 

2012). This result is congruent with the standardisation criteria for traffic sign design 

as well as the physical representation criteria. No differences were found between the 

EVW signs’ appropriateness whether displayed with a legend or not. Physical 
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representation and conceptual compatibility were sufficiently implemented in the three 

EVW design alternatives. These signs did not seem to be ambiguous, and the actions 

they suggested to participants were congruent with what is expected from drivers when 

driving nearby an emergency vehicle (i.e. be careful about the surroundings, give way 

to the emergency vehicle). 

The most appropriate EEBL design was sign 1, which was based on two ISO 

standards (International Organizational for Standardization, 2012) and inspired by 

previous research (Drive C2X, 2014). Again, this result was congruent with the 

standardisation criteria for traffic sign design, but not with the familiarisation criteria 

since EEBL sign 2 was more frequent than EEBL sign 1. Participants considered EEBL 

sign 2 was more appropriate when displayed with a legend than without. This sign was 

considered appropriate when displayed with a legend whereas it was poorly rated when 

displayed without. EEBL sign 2 did not match the physical representation criteria, 

which could explain this result. Displaying this sign which illustrated a danger may be 

probably too vague to warn drivers adequately of an emergency braking performed by 

a vehicle ahead in the same lame. Eventually, EEBL sign 3 was overall considered 

barely appropriate. In regard of appropriateness ratings, no other differences were found 

between the other design alternatives whether displayed with a legend or not. 

Appropriateness ratings should be articulated with more in-depth understanding 

of participants’ comprehension and behavioural intention. The present study focused 

on the EEBL feature because it was the most critical from a safety perspective. Since 

the signs’ alternatives displayed with a legend had the least intentions of action (i.e. 

categorised as keywords), it could be considered that they were less ambiguous than 

those displayed without a legend. EEBL sign 2 had the least keywords in both 

conditions, supporting once again that standardisation and familiarity contributed to 

signs comprehension, which was congruent with previous studies (Ng & Chan, 2008; 

Shinar et al., 2003). 

EEBL signs 1 and 3 resulted in a larger variability in keywords, but the 

interpretations varied for the EEBL sign 3, especially when no legend was displayed. 

For instance, the shoe symbol and the pedal could be interpreted either as the brake or 

the gas pedal (i.e. lift off from accelerator, foot over accelerator, accelerate vs. slow 

down, foot over brake). This design alternative was the least safe since it suggested 

some participants to perform the opposite action expected, i.e. accelerating instead of 

slowing down and keeping a safe distance with the lead vehicle. The pedal sign might 
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have been too ambiguous possibly misleading drivers to make a safe decision in the 

situation presented. Physical representation and conceptual compatibility were poorly 

implemented in that EEBL design alternative. 

Moreover, the statistical analysis conducted on this qualitative set of data 

showed significant differences and interactions between the within-subject variable 

braking lights visibility and the between-subject variable legend. The environment had 

a positive influence on the expected response in some situations. For instance, in regard 

of EEBL sign 3 displayed without a legend, it seemed that seeing a vehicle braking 

ahead reduced the ambiguity of that sign because none of the participants declared they 

would accelerate in that situation. Another interaction was observed for EEBL sign 2. 

More drivers declared they would slowdown when the braking lights were visible in 

the no legend condition, indicating that environmental cues were important for the 

interpretation of in-vehicle information. Similarly, for EEBL sign 1, more drivers 

declared they would increase distance when the braking lights were visible in the no 

legend condition.  

Three significant differences were observed between the experimental groups, 

regardless braking lights visibility of the vehicle ahead, supporting that displaying a 

legend below the sign enhanced drivers’ response. For EEBL sign 1, the legend group 

declared having more intentions to slow down than the no legend group. For EEBL sign 

2, the legend group declared less having the intention not to perform any action than 

the no legend group. Eventually, for EEBL sign 3, more drivers from the no legend 

condition declared they would put their foot over the brake pedal. Compared to those 

from the legend condition, they had less intentions to brake, but they would prepare 

themselves to brake, which could be considered an appropriate response in this 

situation. 

Displaying a legend seemed to enhance the comprehension of the sign, and by 

extension the comprehension of the driving situation. Nonetheless, the environment 

was helpful for the participants to understand the sign when the legend was not 

displayed. Therefore, it could be dangerous to display additional in-vehicle information 

when it is not properly comprehended by drivers. In fact, looking away from the road 

scene to perceive and understand a critical warning could be more distracting than 

useful when they are enough environmental cues on the road to help drivers operate 

their vehicle in a safe manner. Yet, displaying this critical warning might be an asset in 

low-visibility conditions, such as when there is a vehicle in between the ego vehicle 
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and the one performing an emergency braking ahead in the same lane. Further research 

should investigate the impact of the location of the information in the vehicle on driving 

behaviour. 

All the signs were displayed without being paired with an acoustic signal. 

Additional studies should investigate the impact of acoustic signals on these warning 

signs’ comprehension. 

Another relevant question is whether in-vehicle information is compatible with 

roadside gantry or not. All of the road signs location is based on distance, whereas some 

in-vehicle information is based on time-to-collision or deceleration power, i.e. EEBL 

feature. Synchronising the in-vehicle information triggers with roadside gantry is yet to 

be further examined. 

The features presented in this study only provided warnings to the drivers. Yet, 

shall these systems provide warnings only (i.e. situation awareness) or manoeuvring 

instructions as well (i.e. behaviour awareness)? Since the legislation is different from 

one country to another, it could be too difficult to provide a one-size-fits-all safety 

information system. Manufacturers and designers shall take into consideration the 

worldwide differences in traffic legislation and driving habits. 

According to the risk homeostasis theory (Wilde, 1982), some individuals adopt 

a level of risk that is personally acceptable. If a situation is perceived to be safer, drivers 

may undertake riskier activities, for example shorter headways and faster driving if their 

car is equipped with an EEBL feature. In order to counterbalance these behaviours, the 

design of additional warning systems should recognise the variation in personally 

acceptable level of risk. To do so, systems should learn from drivers’ driving style (i.e. 

machine learning) and detect when road policies are not respected. Another alternative 

would be to deactivate additional safety-related in-vehicle information if the system, by 

monitoring the driver, is able to detect misuses (e.g. glances at the in-vehicle devices 

are longer than 2 secs). 

Finally, teaching or explaining the underlying logic of these features could 

possibly support the expected response, as previously shown in an on-road experiment 

(Jenness, Benedick and Huey, 2017), and avoid misinterpretation of these warnings. 

Training may support the familiarisation criteria to enhance signs’ comprehension. 

This study presented limitations. Videos did not provide as much clues on the 

driving environment as an individual may have when driving a vehicle. Driving is also 

a demanding and mainly visual task (Ho & Spence, 2009; Kramer & Rohr, 1982; Sivak, 
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1996). Considering this, seeing, processing and reading the different signs and legends 

may be different, if not harder, in a real or simulated driving environment than it was 

on a video.  Further studies should investigate drivers’ behaviour when exposed to these 

signs in a driving simulator and ultimately on road to cross validate these results. 

Another limitation was the size of the sample that did not allow to enrol a large variety 

of drivers with different experiences and cultural backgrounds. 

5. Conclusion 
In the current study, there was a discrepancy between the appropriateness’ rating 

of the signs and their comprehension by potential users. Qualitative data seemed 

necessary to better understand how new sign designs were comprehended. Eliciting 

users’ answer could shed light on the numerous ways to interpret a sign. Scale-based 

assessment was not sufficient to properly capture individuals’ perception and 

understanding of new designs. Asking individuals to rate a design’s appropriateness 

may not allow designers to improve usability and acceptance. Another strategy would 

be to use three open-ended questions based on the different levels of situation awareness 

in dynamic systems. In the context of transportation, displaying a legend seemed to be 

crucial in order to avoid misinterpretation of additional warning feature, especially in a 

critical situation such as an emergency braking performed ahead on the road. 

Additional safety-related in-vehicle information should be displayed in low 

visibility situations in order to improve drivers’ situation awareness. Distraction is also 

a potential limit and should be taken into consideration when implementing and 

designing these new features. 
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