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Abstract
SAE level 2 and 3 semi-autonomous vehicles are widely available but, due to the nature of automation, their in-vehicle 

displays are required to communicate more complex information to the driver. Examination of interfaces from a variety of 

manufacturers revealed a clear lack of consistency in the way key information is displayed. Different manufacturers have 

adopted icons varying in shape and colour to convey the same message. When driving a semi-autonomous vehicle, mode 

awareness is critical for trust, performance and safety. Standardisation of icons has been shown to have many benefits includ-

ing opening products up to wider international markets by helping overcome language and cultural barriers, by providing a 

method of communication which can surpass them. However, the current lack of standardisation in icon design could cause 

mode confusion and has little cross-vehicle compatibility. To understand the impact of mode confusion on users, a focus 

group was held in which participants were asked to interpret the meaning of icons from a variety of different driver interfaces. 

Ambiguity in user interpretations makes the case for the introduction of new ISO standard icons to better support drivers in 

SAE level 2 and 3 automated vehicles.
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1 Introduction

As partially automated (SAE level 2), vehicles have been 

available for several years and conditionally automated (SAE 

level 3) vehicles are currently in production (Gasser and 

Westhoff 2012; Kim, et al. 2020a, b; SAE 2018) dashboard 

displays are becoming more sophisticated and required to 

communicate more complex information (Locken et  al. 

2020; You et al. 202). This automation is formed from com-

bining a system of longitudinal control (such as adaptive 

cruise control (ACC)) providing brake and throttle input 

with system(s) of lateral control (such as following lanes or a 

lead vehicle) providing steering. It is essential that the driver 

is aware of the mode of the vehicle in order to remain safe 

and this is most commonly communicated on the dashboard 

or other in-vehicle display pictorially (Stanton et al. 2011).

The use of pictures to convey meaning is one of the oldest 

forms of communication; prior to the invention of written 

languages, these pictures would be used to record history 

and tell stories (Horton 1994; Moser 1998; Greenberg 2013). 

As shown in Fig. 1, icons are a way of using pictures to 

deliver a specific message and are formed of several ele-

ments which can include a border, a background and text 

but is focused on the pictorial element, known as the symbol 

(Carney et al. 1998). Studies have shown that well-designed 

icons can be recognised more quickly and accurately than 

textual displays, (Horton 1994; Carney, Campbell and 

Mitchell 1998; Green 1993; Baber and Wankling 1992). 

They also have the benefit of consuming less space than 

text, of particular importance on the small and busy real 

estate of a screen (Green 1993; Baber and Wankling 1992) 

and, if well designed, can be universally understood and 

language independent (McDougall et al. 2000; Chanwimal-

ueng and Rapeepisarn 2013; Zwaga and Mijksenaar 2000; 

Buhler et al. 2020).

Carney et al. (1998) proposed that icons can be classified 

into three types: pictorial representations of the object or 

action they represent with meaning easily derived and little 

effort required to learn; concept-related icons based on an 

image or a property of an actual object or action, these can 
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be context specific so are more difficult to learn; and arbi-

trary icons which are only meaningful through convention 

and rely on particular knowledge, which can be cultural. The 

latter of these are the most difficult type of icon to learn. 

Yu (2018) proposes a similar system with the concept of 

the image icon which have similarities to real world items, 

the referential icon which has a simply understood associa-

tion and the symbolic icon which does not have an obvious 

relation to what it represents where understanding is due to 

culture and tradition. Others have categorised types of icon 

as abstract or concrete (Lin 1994) or consider abstract and 

concrete as opposite ends of a scale (McDougall et al. 2000). 

However, all agree that the easiest to understand are those 

which closest represent real items, as the visual metaphor 

is clear without the need for prior learning or experience 

(Carney, Campbell and Mitchell 1998; Lin 1994; McDougall 

et al. 2000; Shen et al 2018).

Previous studies, evaluating the automation systems and 

human machine interfaces across a range of SAE level 2 

vehicles, identified some mode confusion whereby the driver 

has been unsure of whether they are in control of the vehicle 

or if it is automated, despite the mode being displayed on the 

vehicle’s dashboard (Stanton et al. 2011; Revell, et al. 2018; 

Kim, et al. 2020a, b). During these studies across different 

vehicles, it was observed that the icon indicating the activa-

tion or deactivation of automated modes could be green, 

white or blue, but the icon remained a pictorial image of 

a steering wheel. It is clear from examining the interfaces 

from different manufacturers that the levels of functionality 

are being interpreted very differently. It is possible this could 

be due to the lack of standardisation in associated displays 

and imagery.

The International Organisation for Standardisation (ISO) 

is an independent non-governmental organisation whose 

responsibility it is to make international standards. They 

have a voluntary membership of 162 standard bodies world-

wide and create standards across a wide range of sectors, 

from agriculture and healthcare, to transport (ISO 2014, 

2016). ISO standardised signs (small icons) and symbols 

(larger images), both of which will be referred to as icons 

in this paper, have been commonly used to communicate 

messages to automobile drivers on the vehicle dashboard 

for many years, and the ISO aim to maximise the poten-

tial of icons through worldwide standardisation (Zwaga and 

Mijksenaar 2000). This can be seen to originate with the 

standardisation of traffic light colours in the 1920s (Priest 

et al. 2005), which are reflected in the use of those same 

colours on the dashboard, through to the development of 

icon recommendations in the 1970s (Green 1993; Saunby 

et al. 1988). Due to new technologies, these icons are now 

also being displayed on additional screens within the vehi-

cle, commonly located in the centre of the vehicle or as a 

head-up display. These combined screens are known as in-

vehicle information systems (IVIS) and whilst they may also 

provide entertainment, comfort and navigation (Harvey and 

Stanton 2013), an additional purpose is to provide informa-

tion to the driver in order to increase safety during driving, 

thus protecting road users and reducing costs associated with 

accidents, collision and congestion (Carney, Campbell and 

Mitchell 1998, Meixner et al 2000). ISO 2575 outlines all 

the standardised icons in use and is revised every 5 years 

(ISO 2017); it also forms the basis for British Standard BS 

ISO 2575 (BSI 2010). Currently, there are over 300 of these 

standards falling into 18 categories, from lighting and sig-

nalling to vehicle handling. The basic shape and colours of 

these icons are standardised, which is important in helping 

ensure the messages they convey are recognised and under-

stood (ISO 2013). These standardised icons are designed to 

assist the driver in interpreting dashboard messages, even 

when driving an unfamiliar vehicle.

Within ISO standard 2575, icons supporting the com-

munication of aspects of automated driving are few. Section 

J relates to vehicle handling and cruise control and covers 

icons for such capabilities including parking assist and hill 

descent control. The section contains icon J.09 to indicate 

when ACC is active, this system accelerates or decelerates 

a vehicle to maintain a set speed and distance to the vehicle 

in front, and forms the basis for many of the more advanced 

automated driving systems available in SAE level 2 vehicles. 

Icon J.10 indicates if the ACC system has failed (see Fig. 2). 

However, there are a number of key characteristics related 

to automated driving which are absent. In March 2018, a 

draft for the new version of the standard was released to 

the public for comments and is due for publication shortly. 

This draft does not contain any additional icons to support 

Fig. 1  Composition of an icon (Carney et al 1998)
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automated driving (BSI 2018). There is an additional, more 

recent, draft resolution which has recently been circulated to 

ISO international committee stakeholders which does look 

at introducing icons which could be used to indicate modes 

in SAE level 2 vehicles.

In addition to prescribing the shape of icons, the ISO 

standard 2575 also states how colours should be used as they 

have the following meanings attached. Importantly, an icon 

may be shown in more than one colour to convey a change 

in operation of that system (ISO 2010).

• Red—immediate or imminent danger to persons or 

equipment.

• Yellow/amber—caution, malfunction, damage likely or 

potential hazard.

• Green—safe, normal operation.

• Blue—only used in relation to headlights (main beam or 

high beam).

• White—may be used when no other condition applies.

Benefits of standardisation have been shown to include 

opening products up to wider international markets by help-

ing overcome language and cultural barriers, providing a 

method of communication which can surpass them (ISO 

2013, 2014; Stuart-Buttle 2006; Green 1993; Buhler et al. 

2020) Chong et al. 1990). They can improve the image of 

the original equipment manufacturers and reduce exposure 

to liability from new technologies (Priest, Wilson and Salas 

2005). Most importantly, standards can increase safety 

(Sherehiy, Karwowski and Rodrick 2006; Priest, Wilson 

and Salas 2005; ISO 2014) which, in the context of driv-

ing, can save lives. Road traffic collisions are the eighth 

most common cause of death (World Health Organization 

2018), accounting for 1.25 million deaths per year world-

wide (Gorea 2016) and 1793 deaths in 2017 in Great Britain 

(Department for Transport 2018). Since their initiation in 

1968, the US safety standards are thought to have saved the 

lives of thousands of road users (Priest, Wilson and Salas 

2005). This is due to standardisation making systems more 

understandable (Priest, Wilson and Salas 2005), thereby 

reducing confusion and failure (Horton 1994). Equally, the 

impact of the lack of standardisation in IVIS icons has led 

to poor design, including the use of multiple different icons 

across manufacturers, which are attempting to communicate 

the same message (Carney, Campbell and Mitchell 1998). 

This combination of divergence and underdeveloped design 

can cause confusion or distraction (Horton 1994; Baber 

and Wankling 1992; Stanton et al. 2011). Whereas if stand-

ardisation is not well designed, it can be poorly received 

in some cultures, and therefore, multi-cultural compatibil-

ity must also be a consideration (Goonerilleke et al 2001; 

Khan et al. 2016; Buhler et al. 2020). Poorly designed icons 

make a system more difficult to use (Horton 1994), increas-

ing workload, errors and stress (Priest, Wilson and Salas 

2005; Walker et al 2017; Walch et al. 2020), all of which can 

increase the likelihood of confusion and therefore of being 

involved in a road traffic accident by delaying or creating an 

incorrect input from the driver (Frank et al. 1973).

Human factors methods have been used to help design 

icons (Campbell 2016). Green (1981) and Chong et  al. 

(1990) both used design workshops with members of the 

public designing icons for used in IVIS. In both cases, the 

participants were asked to hand draw their own ideas for a 

variety of alerts such as oil level, coolant pressure and a vari-

ety of cruise control functions. Whilst these icons may have 

lacked in aesthetics and legibility, both studies had similar 

conclusions, agreeing that the ideas created by the end user 

were a good point from which to develop candidate icons 

for future testing, and had the benefit of being quite different 

from that which would have been developed by designers. In 

Fig. 2  Icons relating to ACC 

(ISO 2010)

J.09 J.10
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addition to these design methods, the ISO have produced test 

9186, Part 1: Method for Testing Comprehensibility (BSI 

2014). This has been developed due to the increasing volume 

of information related via icons to the public, in order to 

ensure that only one symbol is used internationally to convey 

each meaning. The test can be used to quantify the compre-

hensibility of an icon across a representative sample of the 

end user population, to include those of different age, sex, 

education level, cultural or ethnic background and physical 

ability. When associated with an icon to be used interna-

tionally, it requires participants from a minimum of three 

countries, preferably from different cultural backgrounds. 

The participants are shown an image of the icon with a short 

description of where it could be found and then asked two 

questions: (1) What do you think the symbol means? and (2) 

What action should you take in response to this symbol? The 

results are then classified as:

• 1—correct,

• 2—wrong,

• 2a—wrong and response is the opposite of the intended 

meaning,

• 3—do not know,

• 4—no response.

An icon must receive 66% correct answers to be accept-

able, but this is raised to 85% in a safety critical situation, 

such as for automation mode (BSI 2014; Zwaga and Mijk-

senaar 2000; Foster et al. 2010; Arcia, et al. 2019). Where 

results are poor, analysis of the results can be used to rede-

sign the icon, resulting in an iterative approach (Zwaga and 

Mijksenaar 2000; Foster et al. 2010).

No literature has assessed the implications of the lack of 

standardisation, and much inconsistency in icons, related to 

automated driving. Misinterpretation of the icons relating 

to automation involves risks, which at their extreme could 

cause no one to be in control of the vehicle or for a dan-

gerous unnecessary intervention to take place. Therefore, a 

focus group was held to determine whether these safety criti-

cal icons could be recognised and understood by the driving 

public. A demographically diverse range of participants in 

terms of age, gender, type of vehicle used, annual mileage 

and driving experience were recruited. They were asked to 

interpret the meaning of a variety of displays from the three 

different manufacturers of SAE level 2 vehicles used in pre-

vious studies (Kim et al 2020a, b), an SAE level 3 vehicle, 

for comparison, and from two high fidelity simulators where 

studies had previously been conducted (Politis, et al. 2018).

2  Method

2.1  Participants

Ethical approval was gained via the University of South-

ampton Ethics and Research Governance Office (ERGO 

number: 48777). Seven participants were recruited across 

three age groups; 18–34, 35–56 and 56–80 + to ensure an 

inclusive sample meeting the group size (5–10) commonly 

recommended in the literature (Caplan 1990; Krueger and 

Casey 2015; Morgan 1997a). Participants were recruited 

via posters around the university campuses, posts on social 

media, direct emailing to a list of people who had previ-

ously expressed interest in taking part in research under-

taken by this team, and to ensure age group 3 was captured, 

contacting the local branch of ‘The University of the Third 

Age’, an organisation who describe themselves as a group 

‘which brings together people in their ‘third age’ to develop 

their interests and continue their learning’ (University of the 

Third Age 2019). These age groups were chosen in order to 

align with other work within the same project (Clark et al. 

2019). Time constraints allowed only a single focus group 

to be held, which, according to Morgan (1997c), is accept-

able as long as the results are interpreted cautiously. Demo-

graphic information for the participants is shown in Table 1.

2.2  Design

The focus group lasted 2 h, in line with the recommendations 

of Krueger and Casey (2015) and Morgan (1997b). Demo-

graphic information collected included age, gender, annual 

mileage, years holding a full driving licence, any advanced 

Table 1  Participant 

demographics
Participant Age group Gender Years since pass-

ing test

Annual mileage ADAS score

1 2 M 25 1000 4

2 1 F 6 2000 3

3 1 F 13 10,000 11

4 2 M 22 30,000 2

5 3 F 54 10,000 2

6 3 M 56 13,000 6

7 1 M 3 2000 3
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driver qualifications (none reported for any participant) and 

experience in using a range of 17 advanced driver-assis-

tance systems (ADAS). The ADAS categories were carefully 

worded to represent systems used by all manufacturers and 

standard explanations were provided for each. Participants 

were asked to select one of three radio buttons to describe 

their experience of each ADAS as either, ‘no experience’, ‘I 

have tried this but I’m not experienced’ or ‘I regularly use 

this feature and consider myself an experienced user’.

The event started with an introduction to the subject of 

the workshop and focus group in line with common practice 

(Krueger and Casey 2015; Morgan 1997b). The concepts of 

signs and symbols which are currently commonly displayed 

on a vehicle dashboard during highly automated driving 

and automated to manual takeover were explained and then 

demonstrated using a manufacturer promotional video. The 

session then commenced and was formed of three exercises 

which followed the convention of progressing from struc-

tured to less structured (Morgan 1997c; Cooper and Baber 

2004).

2.3  Equipment

Multiple strategies were used for data capture:

• Two Sony HandyCam video cameras were mounted on 

tripods close to the group in order to obtain footage and 

audio recording of the group discussions, which was sub-

sequently transcribed.

• A GoPro video camera was mounted high up above the 

group in order to obtain footage of the group moving and 

placing the materials on the table.

• Printed copies of icons (compiled in Table 2).

• Workbooks containing images of the icons, accompanied 

by notes written by the participants, and comments from 

the group written by the facilitators on flip charts during 

the exercises.

2.4  Procedure

The first exercise was a written task. In this, the participants 

were presented with a workbook containing images of icons 

from the aforementioned vehicles and simulators, each with 

an adjacent area for writing their response. The icons were 

shown in context within the vehicle, accompanied by an iso-

lated enlarged version shown in Table 2, and they were asked 

the same four questions for each image.

 i. What is the meaning of this icon?

 ii. Why is the icon being presented?

 iii. What do you like about this icon?

 iv. What do you dislike about this icon?

These questions were devised in line with the recommen-

dations of Cooper and Baber (2004).

The group was then given some further guidance from 

the facilitator about the types of messages these icons could 

be conveying, and the participants were asked to categorise 

the icons by placing the images under categories placed on 

the table. These categories were:

 i. What the vehicle is sensing.

 ii. What automation capability is possible.

 iii. What driver actions are required.

 iv. What mode the vehicle was in.

The participants then discussed their choices as a group 

and rearranged the icons on the table until they came to a 

consensus as to their meaning. The facilitator ensured that 

all participants were able to engage with the discussions. 

The event finished with the third exercise, an unstructured 

session allowing for any comments and recommendations to 

be made, which were captured by a facilitator on a flip chart.

2.5  Method of analysis

The scripts from the written task were categorised by icon 

and the comments compared; they were sorted into ‘cor-

rect’, ‘wrong’, ‘wrong and response is the opposite of the 

intended meaning’ and ‘do not know’, in line with the ISO 

9186 Graphical Symbols Test (BSI 2014). This was repeated 

with the printed icons from the second task. The audio from 

videos of the study was transcribed and categorised and 

sorted in the same manner. For the final task, the flip chart 

pages were sorted into themes such as colour, standardisa-

tion and recommendation.

As colour was of such a concern to the participants, a 

comparison was undertaken between the interpretations of 

the meaning of colours from the participants’ comments, 

how these were used in the icons used in the focus group, 

standards recommended by authors and the recommenda-

tions from ISO 2575. The results can be seen in Table 3.

3  Results

3.1  Exercise one

3.1.1  Icons indicating automation mode active

Each manufacturer, and the simulators, have icons to indi-

cate that the automation system is active. Most of the par-

ticipants were able to interpret these icons accurately, but 
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some participants had more unusual opinions: ‘the car is 

driving correctly within the lane’ (e.g. Table 2, Manufac-

turer A, Icon 1), ‘pavement is irregular, or narrow roads, 

slow down’. Some participants expressed confusion: 

‘unclear’, ‘is car driving itself?’, ‘no idea’. One participant 

interpreted Manufacturer A, Icon 2 to mean the opposite to 

that intended; ‘you are holding the steering wheel, feedback 

to driver that car recognises they are doing as asked’ (Table 

Manufacturer A, Icon 2).

Table 2  Mode icons used in focus group.

Origin Automated Mode Automa�on 
Ending

Manual Mode/ Automa�on 
Inac�ve

Manufacturer A
(Photos of interface 
taken by author)

Icon 1                                 Icon 2 Icon 3

Manufacturer B
(Photos of interface 
taken by author)

Icon 1 Icon 2

Manufacturer C
Images Source
h�ps://www.teslara�.c
om/tesla-autopilot-
version-8-0-nags-
restric�ons/

Icon 1 Icon 2

Manufacturer D
Images Source
h�ps://www.audi-
mediacenter.com/en/t
echday-piloted-driving-
the-traffic-jam-pilot-in-
the-new-audi-a8-
9276/automated-
driving-at-a-new-level-
the-audi-ai-traffic-jam-
pilot-9283

Icon 1 Icon 2 Icon 3

Simulators
(Photos of interface 
taken by author)

Icon 1                                Icon 2 Icon 3

256 Human-Intelligent Systems Integration (2021) 3:251–261
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3.2  Icons indicating manual mode or automation 
ending/inactive

All of the manufacturers have icons indicating that the auto-

mation is inactive or ending, and the simulator has an icon to 

indicate manual mode. Some of the more unusual interpre-

tations were as follows: ‘indentation in pavement, take care 

of kerb’, ‘road narrows, slow down’ (e.g. Table 2, Manufac-

turer A, Icon 1), and ‘speed control active’, and some were 

confused: ‘Unclear. Could be anything or nothing’, ‘unsure, 

maybe AI inactive’. Some participants again made opposing 

interpretations; ‘don’t use steering wheel’, ‘steering is in 

auto mode for the rest of the journey’, ‘AI is in control’ (e.g. 

Table 2, Manufacturer C, Icon 2).

3.2.1  Colour

There were many comments about the colour of the icons 

and what the colours meant:

Green (e.g. Table 2, Manufacturer A, Icon 1)—‘I like 

colour coding’ (green meaning active), ‘active as it’s green’, 

‘the steering wheel is green which is positive confirmation’, 

‘green resonates as something being active’.

Orange/amber (e.g. Table 2, Simulators, Icon 2)—‘amber 

resonates as caution/be alert’.

Red (e.g. Table 2, Manufacturer C, Icon 2)—‘could be 

red to give you a clear on–off indication’ (referring to an 

icon which greys out when inactive).

3.2.2  Size and text labels

The participants were able to see the icons in context within 

the IVIS, and so were able to determine how large they were. 

There were several comments regarding size: ‘icon so small 

on dash’, ‘it’s small’, ‘very small—easily missed’, ‘maybe a 

bit small’, ‘small, meaning it is unclear’, ‘icon is quite small 

in cluster’. Those icons which were accompanied with a text 

label, e.g. Table 2, Simulators, Icon 1, were more easily 

understood than those without and it was suggested by one 

participant that text should be added to those icons which 

were more ambiguous; however, some participants found the 

text annoying or too long.

3.2.3  Exercise two

The various interpretations were discussed by the group in 

detail and this revealed some opposing views, e.g. Table 2, 

Manufacturer A, Icon 2:

Participant A, ‘I think if my hands were off the wheel and 

I saw that, it would be very obvious that I need to put my 

hands on the wheel’.

Participant B, ‘If my hands were on the wheel, I’d take 

them off the wheel’.

Also, some ambiguity, e.g. Table 2, Manufacturer C, Icon 

2:

Participant C, ‘I don’t know whether it’s available or not. 

I wouldn’t be sure if it’s available’.

Participant D, ‘I’m not sure that it’s not available either’.

There were also many discussions regarding the use and 

meaning of colour. A number of icons used green colouring 

in the automated mode, while one was blue. Orange and 

white/grey were used to indicate no automation/ manual 

mode and one icon used red to indicate the automated mode 

was ending (see Table 2). The participants again had opin-

ions as to what the colours should represent:

Green—‘Because it’s green, it’s suggesting automated 

mode’, ‘Green is automated active’, ‘So green means safe’.

Orange/Amber—‘Kind of a standby thing’, ‘Orange so 

it’s a caution’, ‘warning’, ‘orange means normal’.

Table 3  Comparisons of meanings of colours from, manufacturers, simulators, focus group, ISO and recommendations

Source Red Amber/yellow Green Blue White/grey

Manufacturer A - - Auto active - Auto not active

Manufacturer B - - Auto active - Auto not active

Manufacturer C Auto ending imminent - - Auto Active Auto not active

Simulators Manual mode

Auto not active

Auto active Auto Active -

Focus Group Not active

Unsafe

Caution

Standby

Normal

Auto active

Safe

Unsure

Ambiguous

Hybrid

Ambiguous

ISO 2575 Danger Immediate or imminent Caution Safe

Normal

High Beam Used when no 

other condition 

applies

Green et al. (1995) Critical warning

Action required

Caution - - -

Horton (1994) Danger Caution Safe Information -

257Human-Intelligent Systems Integration (2021) 3:251–261
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Red—‘Not active’, ‘red means unsafe’, ‘and red that was 

not active’.

Blue—‘Blue is a big question mark’, ‘Blue suggests 

hybrid’.

White—‘Not being green or any colours (e.g. greyed 

out/white) also suggests to me that it’s not on an automated 

mode’.

There was also a discussion around standardisation and 

how this is helpful in aiding understanding. One participant 

commented, ‘Most things are standardised… like traffic 

lights. They become standardised… so that everyone ends 

up having it the same way’.

3.2.4  Exercise three

The final task was a less structured, open discussion, but 

raised some of the same concerns as the previous tasks. 

The use of colour in icons was still of significance, with 

participants commenting: ‘Consistency of colour across 

manufacturers is important’ and ‘colour coding should be 

consistent—stick to red/orange/ green. Blue and grey are 

ambiguous’. With further comments around standardisa-

tion: ‘Don’t like icons—need to be standardised’ and ‘icons 

should be standardised’.

3.2.5  ADAS experience

From the form completed before the study, the lowest score 

was 2, and the highest was 11. As the maximum possible 

score was 34, this range of scores indicates that the partici-

pants had a low to moderate amount of experience in using 

ADAS. No participants had experienced driving a highly 

automated vehicle such as those used in this study (all scores 

can be seen in Table 1). Those participants with the lowest 

amount of experience using ADAS were also more likely 

to interpret the icons incorrectly during both the unguided 

individual task, and following the extra guidance during the 

second task, making interpretations such as ‘pavement is 

irregular’, or ‘narrow roads, slow down’ for the first task and 

‘road narrows, slow down’ in the second task. Equally, those 

with more ADAS experience were more able to identify the 

icons correctly, even from the initial unguided task.

4  Discussion

It can be seen that the majority of icons from the manufac-

turers and from the simulator, designed to indicate mode, 

are based on the representation of a steering wheel. One 

manufacturer has opted to use the image of a car. These 

icons can be classed as concept-related icons; they are based 

on an image of an actual object and sometimes an associ-

ated action (Carney, Campbell and Mitchell 1998). These are 

moderately difficult to learn and it is therefore not surprising 

that some participants found them challenging to interpret 

without guidance or previous experience. Where participants 

had made more unusual interpretations of the icons, it can 

be seen that they were examining them more closely as a 

pictorial type icon, seeing the image in front of them as a 

literal representation of the road ahead; these participants 

also had less ADAS experience. Those with more experi-

ence of ADAS were more likely able to identify the modes 

indicated by the icons correctly. Whilst no participants have 

these automation capabilities in their own vehicles, it may be 

possible to hypothesise that those with more ADAS experi-

ence were more used to the concept-related icon, and were 

therefore able to interpret these new icons more easily.

Some participants interpreted icons identifying the auto-

mation mode inversely, effectively believing a car was not in 

automated mode when it was, but more concerning was the 

understanding that the car was in automated mode when it 

was not. This ambiguity could cause a driver to omit mak-

ing driving inputs, causing an accident, resulting in dam-

age to the vehicle and harm to the driver, passengers and 

other road users. There would also be a negative economic 

impact to the driver in terms of increased insurance pre-

miums, vehicle repair or replacement, any casualties from 

medical bills and missed employment, and to society as a 

whole from emergency services and highway repair (Gorea 

2016). In addition, accidents related to an automation system 

can cause negative media coverage, such as that received by 

Tesla following a fatal crash in 2016 (NTSB 2020), leading 

to public distrust in the manufacturer or similar systems and 

therefore also having a negative economic impact on the 

original equipment manufacturers.

Colour of icons was important to the participants and was 

raised by them in all three exercises. Colour can increase 

the likelihood icons are noticed (Young 1991), and when 

used well can aid communication. However, when used 

carelessly, they can increase confusion (Horton 1994). The 

colours used in the icons during this focus group were as 

follows: white/grey, green, blue, amber/yellow and red, as 

seen in Table 2. Participants made many comments about 

how they interpret the meaning of colours. They referred to 

the use of colour in IVIS as they experience it in their own 

vehicles, but also made comparisons to traffic lights.

These meanings of colours stated by the participants 

were, what they considered, a conventional interpretation. 

This aligns closely with the meaning attributed to colour in 

ISO 2575. The use of new colours (white and blue), or col-

ours not meeting their expectation, was deemed confusing 

by the participants. It is interesting to compare the opinions 

of the focus group and the ISO standards with that of authors 

who have written recommendations for the use of colour in 

icon design from an IT perspective (Horton 1994) and from 

a human factors perspective (Green 1995). Table 3 shows a 
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summary of the colours and actual meanings from the icons 

used in the focus group, the focus group participants, ISO 

2575, and those of the authors of recommendations. From 

Table 3, it is clear that colour use is inconsistent between 

the manufacturers and simulators, but they also appear mis-

aligned from the opinions of the focus group. The partici-

pants opinions generally match the ISO standards, which 

they will have experienced in their own vehicles, and with 

those listed in the recommendations.

It is acknowledged that this paper was limited in its 

scope by relying on a single focus group, and the partici-

pants having low to moderate ADAS experience. However, 

recommendations for future work could include repeating 

the exercises with more focus groups and recruiting some 

participants with higher experience of ADAS, perhaps com-

paring novice and expert users.

Carney, Campbell and Mitchell (1998), Green (1995) and 

Zwaga and Mijksenaar (2000) have highlighted the impor-

tance of a human factors-led approach to icons in IVIS, and 

the studies conducted by Green (1979) and Chong, Clauer 

and Green (1990) had user-led approach to the initial stages 

of design. After some polishing, these designs could be 

scored using the ISO 9186 test as part of a human factors 

and user-led iterative design process.

5  Conclusion

Due to a lack of standardisation in the icons relating to 

automated driving, manufacturers are independently design-

ing icons, causing inconsistency (Carney, Campbell and 

Mitchell 1998). A focus group was conducted in order to 

determine if a range of icons, identifying mode in an auto-

mated vehicle, could be understood by driving members 

of the public. During the initial exercise, the participants 

were asked to write their interpretations and meanings of 

a number of icons used in semi-autonomous vehicles and 

simulators. They reported a wide range of ideas about the 

meaning of the icons. Those participants with more experi-

ence of advanced driver-assistance systems (ADAS) in their 

own vehicles were more likely to have correct or similar 

ideas as to the meaning of the icons. Those with less experi-

ence of ADAS attributed a wider range of ideas related to 

the way they interpreted the icons, seeming to make more 

literal interpretations. Before the second exercise, the par-

ticipants received additional guidance about the possible 

meanings of the same icons. The participants were able to 

make a correct interpretation of more icons than in the pre-

vious task, suggesting that these could not be considered 

pictorial or concrete types as some learning was required 

in order to identify them (Carney, Campbell and Mitchell 

1998; Lin 1994; McDougall et al. 2000). However, they were 

also in agreement that several icons remained ambiguous, 

suggesting these icons were arbitrary or abstract. The final 

exercise allowed the participants to openly discuss the icons 

they had seen. This section showed that colour and standard-

isation were considered important when trying to understand 

icons. The participants considered it essential that colours 

were only used in what they considered the conventional 

manner; their opinions on the use of colour aligned well with 

the colour standards outlined in ISO 2575.

The authors acknowledge that due to constraints of the 

project, the focus group contained a small amount of partici-

pants. Future work would benefit from using multiple focus 

groups with a diverse range of participants including those 

who had experience of more advanced automation features.

Following these exercises and discussions, it is recom-

mended that ISO standards should be created for the icons 

used in in-vehicle information systems, indicating auto-

mated and manual modes, in order to reduce driver confu-

sion. These icons should be designed using existing human 

factors methodologies such as using the target population 

to help develop candidate icons, and tested using the ISO 

9186 to ensure they are simple, clear, concise and univer-

sally understood.
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