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Preface  
 
The first version of the “Human factor guidelines for the design of safe in-car traffic 
information services” was compiled in 2014. In 2016 the guidelines were updated by 
Connecting Mobility/ DITCM, and the present version is a further update of that version. 
New systems have been introduced into the marked, and the role of apps on smartphones 
has increased. This report was updated to include recent developments such as gesture 
control. The guidelines are aimed at in-car traffic information services. 
 
With more and more guidelines the report has grown and this inevitable makes use for 
practitioners, be it policy makers, or app developers, more difficult. The ministry asked 
us to propose a framework, i.e., a flow diagram or app, that would help users to apply the 
guidelines. The first steps for this tool were taken and these made clear that specifying 
guidelines and applying these requires interpretation and further specification. For 
example, if the guidelines state that a navigation system should give route information 36 
seconds before action, speed and environment should be taken into account. In a built-up 
area 36 seconds may be too early or confusing if intersections are at a short distance. It is 
this type of conflict that makes clear that it is unlikely that this version contains the 
definitive guidelines.  
 
 
 

Dick de Waard, Arjan Stuiver, Frank Westerhuis, Marco de Angelis, & Karel Brookhuis 
University of Groningen 
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1. Introduction  

There is a trend to present traffic-related information services more by individual means 
in vehicles ('in-car') than by collective means on the roadside (next or above roads). Due 
to this trend, more and also different types of parties will provide traffic information 
services to the road user via in-car systems and mobile devices.  
For traffic safety it is of key importance that in-car traffic service providers take the 
abilities and capabilities of the driver into account when developing these services. This 
is because the effect of the services will largely be depending on how road users respond 
to the information, and therefore also on how these systems are designed and how they 
interact with the driver. The goal of the guidelines as described in this report is to support 
in-car traffic service providers with taking the abilities and capabilities of the driver into 
account. The guidelines are based on the present literature, European standards (such as 
the European Statement of Principles (ESoP) and the Society of Automotive Engineers, 
SAE), other guidelines (e.g. NHTSA), expert opinions, and consultations with relevant 
public and private organisations, both at the beginning of this project as well as at the 
stage of the concept guidelines.  
The starting point of the guidelines is the objective that the information service does not 
give rise to potentially hazardous driving behaviour. All criteria pursue this objective, 
which means that the criteria are interdependent. That is, a bad performance on one 
criterion may be detrimental to the performance on other criteria and the overall service. 
With that, it is not only important to design for safe use by the driver using the service, 
but also to take the behaviour of other (non-equipped) road users into account. An advice 
or warning may seem in the best interest to the driver, but it may undermine traffic safety 
due to the (absent) reactions of other road users. It is important to realise that a traffic 
information service will operate in the complex and dynamic traffic environment.  
The guidelines are developed for services that support the driver in his or her driving task, 
and distinguishes safety-related warnings and non-safety related information (such as 
navigation advice and some driver behaviour feedback apps). The guidelines are not 
written for apps that provide entertainment, since it is the believe that, in general and at 
the moment, such systems are not reconcilable with safe execution of the driving task. 
Though, knowing that advertisement cannot be outlawed, it is important to understand 
the basic principles of these guidelines to minimise the safety risks that distraction by 
such messages may cause. For instance, these messages should only be given when 
driver’s workload is low and should have the lowest priority (in comparison to 
information related to the driving task). Furthermore, these guidelines are based on 
standard devices, currently available. Not all new developments, such as head-up 
displays, and head-mounted displays will bring new design possibilities, which are fully 
covered by the current criteria yet. However, in the present version some of these 
developments, e.g. gesture control, has been added. 
 
The guidelines are divided in two sections. The first section is on human factors criteria, 
describing aspects of the service that determine how distracting or effortful the 
interaction is for the driver. These guidelines explain the criteria and provide some 
examples per criterion to illustrate their application in practise. Topics that will be 
covered are related to driver workload, timing of a message, information priority, 
distraction, validity, recognisability, acceptance, physical interaction and possible side 
effects. The second section is on ergonomic criteria, focussing on issues such as legibility 
and audibility of the information. These criteria are more or less self-explaining and do 
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not require additional information. Therefore examples will not be provided in the second 
section.   
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2. Human Factors Criteria  

 
The most relevant human factors criteria are summarised below, stating per criterion the 
main rules of thumb. This list, based on the 10 golden rules of human factors [51], 
provides an overview of the main points of attention which an in-car information service 
should meet. The following sections of this chapter elaborate on the human factors 
criteria in more detail, providing background information on the origin of the rules of 
thumb and practical examples.  
 
Additional workload  
Additional workload (task load) must be limited.  
 Information can be presented best when the workload of driving itself is low. See 

section 2.1 for a definition of high and low workload. 
 In complex situations, e.g. when the infrastructure is complex, and/or traffic density 

high, information provided to the driver should be minimised; only urgent messages 
should be issued.  

 Human-machine interface elements that have complementary or interdependent 
functions should be grouped and presented together to support user perception [2]. 

 
Timely presentation  
Information should be presented in a time window when the information is relevant and 
allows time to respond to. Not too late, not too early.  
 Information should be presented preferably about 36 seconds before the point of 

action or 200 m before the first road sign. This point is mostly relevant or the 
motorway, where speeds are higher and distances between situations (e.g. exits) are 
large enough to be able to inform the driver 36 seconds in advance. In built-up areas 
the distances between situations (e.g., intersections) is much smaller. As an example, 
travelling the distance between two intersections that are 200 metre apart, at a speed 
of 50 km/h, takes only around 14 seconds.  

 Information should be presented minimally 9 seconds before the point of action.  
 Information which is always of (high) relevance to the driving task can be displayed 

best continuously at a fixed position on the screen.  
 Information with high priority should be presented as close as possible to the expected 

driver's field of view [46]. 
 
Priority by context and urgency  
Information is prioritised by importance to the driver in relation to the context and 
urgency.  
 Safety related warnings have priority over non-safety related information.  
 In case of a safety critical situation, a multi-modal and multi-stage warning strategy 

should be adopted [68]. That is, change modality as the severity and urgency of the 
situation increases [45]. 

 Drivers should always have the option to turn off or disable non-safety related 
information [44]. 

 Drivers should be able to adjust warning intensity, volume. [45]. 
 Information that requires behavioural change, e.g. speed adaptation because of 

congestion, has priority over information that does not.  
 The in-car information device should display high-priority messages easily 

distinguishable from low-priority information [46]. 
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 Information that is related to operational and manoeuvre control has priority over 
information related to the strategic, navigation level of the driving task (see Annex 1 
for the explanations on the three levels of the driving task). 
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Visual attraction  
Visual distraction from the driving task should be prevented.  
 Information that is presented should not lead to glances that exceed 2 seconds eyes 

off the road. The cumulative time spent gazing away from the roadway should not 
exceed 12 seconds [44]. 

 Visual content that causes a startle response should be avoided.  
 The display should not present more than four separate types of information units 

simultaneously in relation to an event, next to the continuously shown navigation 
information.  

 Visual interfaces should be positioned within a 30-degree cone with respect to the 
driver's normal line of sight [31]. 

 
Auditory attraction  
Auditory distraction from the driving task should be prevented.  
 Safety related warnings should always be combined with an auditory attention cue.  
 A ‘neutral’ auditory sound should be used when warning for hazardous situations 

rather than emotion-laden sounds.  
  
 
Vibrotactile attraction 
Vibrotactile distraction from the driving task should be prevented.  
 Information should be provided within a signal frequency between 150 and 300Hz at 

all body locations to ensure optimal sensitivity [10]. 
 Vibrations should not be shorter than 50ms or longer than 200ms [50].  
 Vibrotactile stimuli should be adapted to the urgency of the message (with as result 

that imminent vs cautionary vs notification messages can be distinguished) [46]. 
 To distinguish messages, vibrotactile variations should differ in terms of location and 

timing rather than frequency and amplitude [41]. 
 
Ambiguity, validity and reliability  
Information presented should be non-ambiguous, valid and reliable.  
 Information presented should not be interpretable in multiple ways.  
 The occurrence of false alarms and misses should be minimised, to ensure reliable 

information.  
 The content of the information should be relevant and in line with the traffic scenario 

at that moment in time to be able to respond to if required.  
 
Recognisability and consistency  
Information should be recognisable and consistent with legal traffic signs and signals and 
local road side information.  
 In-car information should be in accordance with local road side information, 

discrepancies between different information resources should not occur.  
 The traffic information service should use the formal national signs and signals of the 

local country (no modifications) or signs and signals that are commonly accepted as 
well as standardized symbols (if available, there is a need for more standardization [ 
27] ). 
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 Where information is provided through non-standard symbols, additional text or 
vocal phrases should be added [61]. Text and sound should be displayed in the driver’s 
preferred language.  

 The use of abbreviations should be kept to a minimum, especially for safety-critical 
information. 

 It is recommended to provide text as intuitive as possible, avoiding long messages[2]. 
In this case long means more than 30 characters (without punctuation) [44].  
 

Credibility, acceptance and compliance  
 Credible information is highly accepted and increases compliance.  
 Dynamic information provision such as a sudden speed limit change or closing of a 

traffic lane should be accompanied by an argument. 
 Information should make sense in the situation, not conflicting with perceived 

feasibility. 
 
Physical interaction  
 Physical interaction with the driver should be minimised.  
 The information service should not require any manual control input from the driver 

while driving.  
 In case any manual control input is requested, the driver should be able to keep at 

least one hand on the steering wheel while performing a secondary task. 
 In case any manual controls are located on the steering wheel, the specific command 

should not require concurrent use of both hands. 
 Upon request of the driver, it should always be possible to turn the application off, to 

adjust the brightness of the screen and tune the volume. Furthermore, operating 
buttons should require minimal visual guidance.  

 A non-native display should always be fixed to the car with a holder or located there, 
preferably in 10 to 20 cm reach of the hand. This choice lies often with the drivers 
themselves however. 

 The control activation feedback should be immediate and clearly noticeable (e.g. click, 
vibrate). 
 

Negative side effects  
 The information service should minimise negative side effects, for example, an advice 

should not lead to higher speeds, and particularly avoid large speed differences 
between different drivers (maximum 20km/h differences in operating speed).  

 Route planning should avoid routing through city centres, school areas and other 
safety critical areas (if they are not the final destination).  
 

System Guide 
 An in-car information system supplier should provide a concise description of the 

main system purpose, the design of the interface, its benefits and limitations 
 The system device should clearly state how and when drivers can use it and when they 

cannot. 
 The driver should be able to be aware of the current status of the device or at least 

know the meaning of displayed signals when the system is activated.  
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2.1. Additional workload  

Limit additional workload 
The driving task is a task that can be quite loading for a human being, but at other times 
it can also be monotonous. Additional task load, for instance having to process a visual, 
auditory or tactile message, may add considerably to the varying workload of driving in 
difficult driving conditions. In scientific terms it concerns a secondary task in addition to 
the primary task of safely driving the car. Provided that the driving task has priority over 
other tasks at all times, the time for processing messages, including execution should be 
kept as short as possible and low-demanding to prevent overload. Drivers should always 
be informed and aware of the risks associated with the secondary task, even if they are 
already accustomed to doing so while driving [45, 39]. For the task load of the primary 
task, the complexity of the situation is very important (the complexity of the situation is 
also important for the criterion ‘Timing of a message’). The complexity of the situation 
depends amongst others on the complexity of the infrastructure, traffic density and the 
speed that is being driven as well as weather conditions. Driver state (e.g., fatigue), 
together with the just mentioned task load, determine workload.  
For example, with increasing speed, task load of driving and the amount of information 
that needs to be processed within a given time frame increases accordingly. As a result 
the corresponding spare capacity for a secondary task decreases. And vice versa of course, 
which might even lead to favourable effects of a secondary task in case of a long tedious 
primary task, e.g. driving on a quiet road with low traffic density for a long time.  
In general, it is advisable to develop an in-vehicle information device where functions 
which are not relevant or should not be used by the driver while driving, should be made 
inaccessible while the vehicle is in motion. The supplier is encouraged to provide a clear 
warning regarding the negative consequences associated with the use of the device while 
driving and to make a clear statement on how the driver retains responsibility for his or 
her actions and compliance with traffic rules [4, 61]. Services should be confined to 
information providing messages, being more or less task-relevant. Actions such as 
gaming, using social media, skyping, using WhatsApp etc. are undesirable. Experience 
may have a positive effect in the sense that task load is not as high for an experienced 
driver than for a novice driver. The effects of ageing can be twofold, on the one hand older 
drivers are experienced drivers, on the other hand cognitive processing may slow down. 
In general messages should preferably also be adapted for the ageing driver, to enable 
adequate processing and allow safe driving.  
 
Example 1. Adjustable settings Some car manufacturers today lead the way by designing 
and developing driving aid devices to provide information in such a way that their target 
groups (e.g. solvent, often elderly drivers) are offered more tuning adaptations such as 
larger font, more time to process the messages, navigation based on arrows only etc. So, 
the settings of a service provider can be standard initially, but should in principle be 
adaptable. Adapting the interface should be made transparent and easy to use for the user.  
 
Example 2. Workload related settings Some apps or services have a ‘Driving mode’ that 
should switch on when used in the car. This means that while driving, specific items or 
actions cannot be performed while driving. A more advanced option would be that in the 
vicinity of complicated road networks (large junctions), less information is provided, or 
information is provided in a simpler way with less details.  
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2.2. Timely presentation  

Information should be presented in a time window when it needs to be processed and can be 
acted upon  
Route guidance has a long history, from indicator stones along the roads in the Roman 
Empire to modern digital navigation systems. TomTom starts 2km before a required 
action (and when referring to a distance they refer to the end of an exit), while 
Rijkswaterstaat starts 1200 m before, referring to the start of an exit or in case of a 
weaving area to the end of the weaving area. The Rijkswaterstaat distances are tuned to 
the standard cruise speed at 120 km/h on motorways, which is 36 seconds when 
converted to time. Information regarding route choices should be provided at least 200 m 
before the first route guidance sign (allowing time for reading the normal road guidance 
signs). Position and timing are based on an optimum across the motorway user, allowing 
sufficient time to read and process all the information and to make a decision and act; this 
requires about 36 seconds as a starting point for a navigation message. It leaves sufficient 
time to change traffic lane(s) in time in high traffic density. Note that providing a message 
rather late may lead to dangerous driving behaviour by drivers who still try to follow up 
on the advice but do not succeed (or succeed by performing risky behaviour). It is advised 
to provide a message at least 9 seconds before the start of the off ramp. On the other hand, 
providing information too early may be perceived as a false alarm by drivers and lead to 
confusion, which undermines the acceptance (see also criteria on valid and reliable 
information and acceptance). Besides, when providing road side information in-car, it is 
strongly advised to match the timing (see also criterion on consistency and 
recognisability). It has to be stressed that the above timing applies to motorway driving, 
not to driving in a built-up area where intersections can follow quickly after each other. 
With 100 metres separation and a driving speed of 30 km/h, the 100 metres are covered 
in 12 seconds. Obviously, timing needs to be different here. 
In contrast to route guidance messages, the time range of safety related warnings varies 
more, depending on the content of the message. Preferably the message is also given  
early, but a (repeated) warning close to the situation or event is also important. As 
opposed to navigation messages, safety related warnings that alert the driver (and 
provide an advice on the control level of the driving task, see Annex 1) should always been 
given since they require less time to be processed and executed. For example, collision 
alerts seem to be more effective if designed in a multi-stage mode. Being warned in 
advance favours an adaptation of driving behaviour to the critical situation ahead, thus 
reducing stress responses. At the same time, early safety-related messages may also be 
interpreted as false alarms if the critical situation has mitigated itself when arriving at the 
situation. In fact, there is a compromise between giving drivers adequate time to prepare 
for the traffic scenario and the risk of being intrusive and unnecessary. A multi-stage 
warning can overcome these risks by extending the range of early warning signals to 
higher levels of caution when an immediate reaction by the driver is foreseen to avoid a 
safety critical situation [65]. From initial results published, there is a linear relationship 
between the speed difference and the distance to the safety-critical scenario. In other 
words, the more one expects a critical scenario, the greater the distance from which to 
activate the early warning signal. This relationship is influenced by the difference in speed 
between vehicles on the road: the smaller the difference, the smaller the distance from 
which to activate the signal [65]. Other information is continuously relevant to display, 
such as the maximum speed at that road section. However, in case of high priority (safety) 
messages, it is advisable to give them priority at certain moments (see criterion about 
priority). Also relevant for the timing of a message is the location and traffic situation, i.e. 
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the point in time of the start of message presentation in relation to sharp curves, high 
traffic densities or even the presentation of two simultaneous messages (then priority has 
to be assigned to the most important message that should obviously be provided first). 
This presupposes a lot of information about the direct environment, but in a modern car 
this information can be made available (e.g., via extended maps). In complicated 
situations, for example, a blind bend or high traffic density, workload for safe driving may 
easily increase (see also criterion about workload) up to a point that messages should not 
be given unless very urgent. However, route guidance information should always be 
provided, but it may be provided earlier if the driver is approaching a complicated 
situation or workload is expected to be high. Less urgent messages should be postponed. 
 
Example 1. Stranded lorry Urgent message: suppose the driver approaches a stranded 
lorry, situated just after a blind bend in dense traffic, the message “leave the right traffic 
lane / stranded lorry ahead” is provided further ahead than in case of a normal lane 
change advice. If there is a delay in the information provision, it is given even while 
entering the curve; all other messages are suppressed.  
 
Example 2. A too late navigation message Advising the driver to take the exit while he is 
already passing it, may lead to dangerous driving behaviour by the driver who still might 
try to take the off ramp. On motorways the information is preferably provided 200 m 
before the first route guidance sign of 1200 m.  
 
Example 3. Wrong way driver It is hard to accurately predict the location of a wrong way 
driver, since this information is often based on limited reports of other road users and 
changes rapidly. A safety related warning is therefore provided to all road users in a wide 
range (e.g., 30 km area circular around the location), who (may) come across the wrong 
way driver.  
 

2.3. Priority by context and urgency  

Information is prioritised by safety criticality to the driver in relation to the context and 
urgency  
Priority is defined by:  
 
- Relation to change in behaviour Information that relates to acute required changes 

(such as speed adjustments or lane changes) gets priority over information not 
directly related to driving behaviour (such as delay due to traffic congestion).  

- Relation to the strategic, manoeuvre, control (operational) level of the driving task 
(see Annex 1) and urgency. Generally speaking, information with respect to the 
manoeuvre/control level (e.g., lane changes) gets priority over information with 
respect to the strategic driving task (e.g., route changes) and information at the control 
level (e.g., braking) gets priority over route information or lane changes.  

- Relation to safety. Safety related warnings and advises have priority over general 
information with respect to the manoeuvre/control level.  

 
Only one message at a time should be presented and not too soon after one another (see 
for details criterion on visual distraction), since this is detrimental for drivers’ 
comprehensibility and increases distraction and workload (see criteria related to 
distraction and workload). As already mentioned in the previous paragraph (see criteria 
on timely presentation), in the case of a safety related message, a multi-stage strategy is 
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advisable. Users seem to prefer being informed first of the expected critical situation, 
followed by an early warning signal which then becomes more and more acute as the 
distance from the risk is getting shorter. It might also be useful to give the driver the 
option to turn off or disable non-safety related information [44] and adjust volume and 
brightness [45].  
 
In addition, presenting information that is not related to the driving task is therefore 
highly discouraged as well. This type of information should be presented while being 
stationary (e.g., at a petrol station or while parked). Safety warnings should only be 
presented if the scenario requires a behavioural change of the driver or if raising alertness 
is needed directly. The following lists indicate the priority of safety warnings and non-
safety related information. Please note that the priority of a warning also depends on how 
close one is to the actual hazard. This means that distance to the hazard has priority over 
the hazard in itself. Exception here is wrong-way driver since the exact location of the 
hazard cannot be determined, so this always has the highest priority.  
 

Safety related warnings1  

a) Wrong way driver  

b) Unprotected accident area  

c) Animal, people, obstacles, debris on the 
road  

d) Slippery road  

e) Unmanaged blockage of a road  

f) Reduced visibility  

g) Exceptional weather conditions  

h) Short-term road works  

i) Unexpected end of queue  

j) Protected accident area  

Non-safety related information  

a) Navigation  

b) General traffic information  

c) Feedback and advice on traffic flow 
(e.g., speed and lane advice to pass a 
traffic light at green) or eco-friendly 
driving (to reduce fuel consumption)  

d) Fuel advice (e.g., advising the most 
favourable petrol station on the route, 
etc.)  

 

 

Example 1. Slippery road  

A safety warning is suddenly activated, such as a slippery road 

ahead. This slippery road warning temporary mutes the route 

navigation messages (sound) as long as a driver is not required to 

take action. If a driver is required to take action, the two warnings 

should be played after one another: “In 600m, take the exit on the 

left, warning, slippery road”. The symbol for slippery road can 

remain to be displayed on the screen as long as this message is valid.  

Example 2. Traffic delay  

                                                           
1 Warnings a) to h) are described in the European regulation No886/2013. Warnings i) and j) are added since 
they are also used in practice. 
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If information, in addition to the navigation screen, about a traffic delay is presented in 

the navigation screen, these messages should disappear if a safety related warning is 

activated. The safety message has priority and in order to avoid too many messages on 

one screen non-safety related information should disappear, see also the criterion on 

visual distraction (2.5). 

2.4. Visual attention  

Visual distraction from the driving task should be avoided  

Visual signals must be applied with great care as the visual channel of the driver is already 

heavily engaged in the primary task of driving. This means that the visual signals must be 

readily seen, recognised and understood without negatively interfering with the driving 

task. For this purpose, there are several characteristics that can be defined to improve and 

maximise the visibility, readability and comprehensibility of the message, for example, 

features such as the type of display, use of touchscreen, use of colour, size and spacing of 

the text (see also ergonomic criteria). 

Visual information should not lead to a situation in which drivers take their eyes off the 

road for longer than 2 seconds. Driving with the eyes off the road for longer than 2 seconds 

has been shown to lead to increased crash risk and hazardous situations ([34]). 

Messages should not contain animations, moving images or alternating messages. 

Presenting animations or alternating (text) messages will attract attention from drivers 

and distract them from the driving task. Drivers are curious to see what will come next 

and will continue looking at the screen to see the next part of the animation or message. 

As a result drivers may take their eyes off the road for too long. In general, it is also 

suggested to avoid a cumulative time spent gazing out of the roadway for more than 12 

seconds [45]. 

Emotional content should be avoided. From research on distraction by commercial 

billboards along the road it is known that drivers react slower to traffic signs, brake 

harder and look longer away from the road, when the message has emotional content. 

Especially negatively emotional content, such as showing the consequences of an 

accident, is highly distracting. As a result drivers pay less attention to the relevant aspects 

of the road environment. Positive emotional content, such as romantic pictures, is also 

distracting, though to a lesser extent.  

For safety-related messages, continuous or graded displays can be helpful in facilitating 

driver’s situation awareness (e.g., for imminent forward crash warnings [23]). In general, 

critical visual messages should be placed within 5 degrees of the driver's field of vision, 

while warning displays should not exceed 15 degrees [45].  

The display should not present more than four separate types of information units 

simultaneously in relation to an event, next to the continuously shown navigation 

information. Other information, not relevant to this event, should be suppressed. Too 

many different types of information cannot be read and processed within a few seconds, 
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and will be distracting to drivers. Upon request of the driver, messages can also be spoken 

out loud to minimize visual distraction.  

Commercial messages should be avoided while in driving mode.  

Example 1. Social media       

Messages that are continuously provided by other 

(non-traffic related information) applications and 

thus not directly relevant for the driving task, 

should be switched off while driving.  

This should be done automatically, if a device is mounted and/or put in driver-mode 

(‘safe’). For instance, social media messages and applications are often not designed for 

safe usage while driving. While driving, these messages should be blocked by the traffic 

information service or a safe user mode should be activated (e.g., messages are spoken 

out loud). 

Example 2. Road work warnings    

Information, additional to the navigation 

screen, should not contain more than four 

information units. A safety warning on road 

works may therefore contain a speed sign, 

road works warning sign, an indication of 

the road layout and distance. 

 

2.5. Auditory attention  

Auditory distraction from the driving task should be avoided  

In case of hazardous situations and safety warnings directly relevant for the driving task, 

visual information should always be combined with an auditory attention cue. Acoustic 

signals can help the driver to understand the critical scenario on the basis of the urgency 

(i.e., criticality of the situation), of the place from which it comes (i.e., where the danger is 

expected) and of the semantic meaning (i.e., information on the situation and on the 

necessary actions) of the signal itself. In general, acoustic signals work better as imminent 

warnings than as general or non-urgent information alerts. This is because acoustic 

signals are perceived more as acute, sometimes even annoying and cognitively 

demanding.  In order to prevent the driver from turning off the acoustic signals entirely, 

it is essential to consider the linear relationship between urgency and annoyance of 

sound. As the acoustic signal increases in frequency, intensity or volume, the greater the 

possibility of being perceived as urgent and less as annoying. 

A ‘neutral’ auditory sound should be used when warning for hazardous situations rather 

than emotion-laden sounds (such as exclamations). Drivers receiving auditory (spoken) 
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route guidance, show better lane keeping behaviour and report less workload compared 

to visual route guidance.  

A neutral alert sound preceding a risky situation leads to a reduction of the speed without 

affecting lateral position, and may help drivers to look at relevant areas of their visual 

field. It is important to make sure that there is no confusion among the various signals in 

the vehicle’s auditory repertoire . Sounds associated with acute alarms such as sirens used 

by emergency services (police, ambulance, fire brigade) are not neutral and should 

therefore not be used. Loud sounds may cause startle reactions, therefore simulated 

traffic horns and honking sounds should also be avoided. Semantic urgent warning signs 

(such as the word: Danger) at a moderate noise level (70 dB) and less urgent signals (such 

as the word: Pay attention) at higher volume (85 dB) were found to be effective in 

reducing the risk of a (simulator) accident. Sounds should not exceed an intensity of 90 

dB [45]. It could be of help to discriminate cautionary warnings from imminent warnings 

based on the urgency, intensity, and frequency of the auditory signals as follows [45]: 

For cautionary warning use For imminent warning use 

Lower urgency characteristics Higher urgency characteristics 

Continuous tone Intermittent with short intervals 

Low signal repetition rate His signal repetition rate 

Low intensity High intensity 

Pleasant, ‘’friendly’’ sounds Obtrusive sounds 

Gradual onset and offset rates 
Rapid onset/offset rate (but not enough 
to startle) 

 

Example 1. Mute sound warnings of non-driving related apps  

Some apps that inform and/or provide warnings on incoming email or weather alarms 

combine these messages with auditory sounds. This mode should be switched off during 

driving since auditory warning sounds should only be used in hazardous situations.  

Example 2. Continuously changing information  

A sound related to continuously changing information, as expected traffic delay and 

current speed limit, is highly distracting and interferes with the important warnings. 

These messages should not be used in combination with auditory cues. 

2.6. Haptic attention 

Haptic distraction from the driving task should be avoided  
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There are two types of haptic interfaces, vibrotactile and kinaesthetic interfaces. The 

first provides information through vibrations in physical contact with the driver and is 

usually included in seat belts, the steering wheel or the touchscreen. The second type 

excerts forces on limbs or affects body motion, e.g., counter-force applied to the 

accelerator pedal.  

From preliminary research on haptic signals, it is concluded that information should be 
provided within a signal frequency range between 150 to 300Hz for all body sites to 
ensure optimal sensitivity [10]. The optimal vibration frequencies are reported to be 
between 200 and 250 Hz. Vibrations should not be shorter than 50ms or longer than 
200ms, adapting them to the urgency of the message in such a way that for example 
imminent, cautionary and notification messages can be easily distinguished [46]. To 
distinguish messages, vibrotactile variations should differ in terms of location and timing 
rather than frequency and amplitude. 
 

2.7. Ambiguity, validity and reliability  

Information presented should be non-ambiguous, valid and reliable  

Care has to be taken that information is clear, as ambiguously formulated information can 

(by definition) be understood in multiple ways. This may lead to confusion by the driver 

and unsafe driving behaviour. In case the message contains a (safety) advice, the message 

should clearly communicate what is going on, why an advice is given and what 

(behaviour) is expected from the driver. Only when there is no time for additional 

information, the safety warning should only present what is expected from the driver, 

without an explanation. High reliability is crucial for acceptability and road safety. It is 

therefore important that there are no false alarms (a message when there is no issue, e.g., 

a traffic queue warning system providing a warning for congestion under free driving 

conditions) and no misses (no message when there is an issue, e.g., a road works warning 

system does not report a roadwork zone). False alarms and misses decrease trust and the 

willingness to comply and lead to de-activation of the system in the longer term. Drivers' 

trust can be safeguarded if the safety system provides a follow-up feedback after the alarm 

has been activated but the danger is no longer present [45]. Furthermore, the content of 

the message should be relevant and in line with the traffic scenario at that moment in 

time. In case speed limits and other roadway traffic signs are shown in-car, the limit or 

sign should only appear at the moment where the limit or traffic sign is actually valid. So, 

it should not be active before or after the road section at which it applies. It is strongly 

recommended to assess the reliability and validity of the system before the system 

launching. Note, reliability is a point of interest for the service providers as well as the 

government; the latter is responsible for providing correct and timely information in the 

first place (see Nationaal Wegen Bestand).  

Example 1. Signs may be ambiguous in their context  
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Indicating a traffic jam sign with a speed limit 

might mean that this speed limit is due to a traffic 

jam ahead, or that this speed limit tries to 

prevent the occurrence of a traffic jam. The 

message does not clearly communicate what’s 

going on and why the advice is given. Using the 

same traffic jam sign in both scenarios may 

undermine the credibility of the advice. In this case, it is advised to use the formal traffic 

jam sign to indicate and warn for an existing traffic jam ahead. 

Example 2. Validity of a message 

If a lane or motorway exit is blocked, an advice to follow this lane or take this exit is not 

valid. The information service should advice a different lane or exit and provide an 

alternative route in case this is necessary. In addition, when this information is not 

relevant to the driver because he takes an off ramp earlier, this information should not be 

provided at all. 

Example 3. Avoid exceptions and clarifications that may lead to more confusion 

This sign tries to communicate a complex message, 

containing two specifications about the speed limit. 

First of all, the message is complicated in itself and 

secondly, the speed limit outside this range is 

implicit (130, this is not explicitly mentioned). It is 

not clear to drivers what is expected of them. In 

addition, the two specifications might be 

interpreted in multiple ways. This leads to 

confusion and larger variations in speed, which is 

adverse to traffic safety. Due to these 

comprehensibility problems, these road signs are no longer used. In-vehicle systems 

should always provide the speed limit that is valid at that specific moment in time at that 

specific location. 

2.8. Recognisability and consistency  

Information should be recognisable and consistent with legal traffic signs and signals and 

local road side information 
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80 or 90 km/h? 

Not only should the information itself be easy to understand, it is also important that in-

car information is in accord with local road side information. Discrepancy between 

roadside information and in-car information may lead to confusion and might be 

perceived by the driver as incorrect, undermining the perceived reliability of the service. 

High consistency is especially important when the information concerns legal traffic signs 

and signals. It may have a detrimental effect on traffic safety if drivers are advised 

incorrectly with respect to legal limits and traffic regulations. If the posted information on 

site deviates from the in-car presented information this is confusing and attention 

capturing. This problem may easily happen if speed limit information in the vehicle is 

based on obsolete maps.  In the Netherlands, the traffic information service should use 

the formal Dutch national signs and signals if applicable. Although a foreign driver may 

encounter signs that are not used in his/her home country, providing the local signs in-

car is to be advised. The chance of errors increases when local signs need to be translated 

into signs and symbols of the driver’s home country. Text messages may be displayed in 

the driver’s preferred language. In addition, no new signs or signals should be “invented”. 

Only if current traffic signs and signals are not applicable, a new sign may be introduced 

after proper testing for the self-explaining character in user tests.  

Example 1. Signs when driving in The Netherlands A foreign driver is provided with a 

Dutch warning sign in The Netherlands, though the explaining text is in his own language. 

A driver can set his/her own language preferences in the settings.  
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Example 2. Displaying routes in-car   

Routes should be displayed resembling the signs 

used on the roadside, for example, in the Netherlands 

direction signs are white on blue and detour signs are 

black on yellow, whereas in Germany normal 

direction signs are black on yellow.  

Example 3. Speed limit    

     

Displaying a speed limit should be in accordance with the general 

symbol for speed limits. The bad example in the image shows an 

undesirable modified version. By modifying the symbol, the sign 

becomes more difficult to interpret and affects the legibility. Is it 

50 km/h over 1000m or during the upcoming 1000m? Also, the 

red border is smaller and the font for the 50 is also different than 

the 50 used on traffic signs. If one wants to display this kind of 

additional information (e.g. “in 1000 m” or “during 1000 m”) one 

should display this on a separate sign below the speed limit sign. 

 

2.9. Credibility, acceptance and compliance  

Information is credible and aims for high acceptance and compliance  

Whether a message in a certain situation is accepted by the 

driver depends on how the message is perceived given that 

situation. If the driver completely agrees with, or endorses the 

underlying principle or reason behind the message, compliance 

is high. However, compliance is not necessarily a direct 

consequence of acceptance and credibility, though good 

acceptance and high credibility certainly help. If a message is not 

credible but the inherent measure is visibly enforced (by the 

police), acceptance will be low, but compliance is highly likely. To create or enhance 

acceptance of messages and advice, solid arguments should be given why this specific 

behaviour should be adapted if it deviates from normal command and prohibitory signs. 

For normal prohibitions and commands (such as an overtaking ban in a curve or a speed 

limit at the entrance of a village) no extra explanation or argument is needed. However, 

dynamic information such as a sudden speed limit change or closing off a traffic lane 

should be accompanied by an argument. The trustworthyness of the underlying 

argumentation is related to or is even conditional to complete acceptance of messages and 

advices. In particular prohibitions or commands that may seem inconsistent or illogical 

to the road user, should be presented in the order that is most convincing. The driver 

should have a feeling of feasibility of the commanded behaviour, it must be practicable. 
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Not trustworthy messages with respect to a certain ordered behaviour will quickly lead 

to an interpretation of false alarm, if not properly argued.  

Pure information provision, for example “For Dam Square, turn right in 600m”, needs not 

to be argued.  

Example 1. Compliance 

Advice to keep right without an explanation will result in a lower compliance. If the reason 

is not made clear, drivers are less inclined to follow up on the advice. When explaining 

that a traffic lane is closed, for instance due to road works, drivers will understand the 

importance of the advice. 

Example 2. Trustworthiness  

Suppose the speed limit is decreased, but no explanation is given, the trustworthiness will 

be low and compliance is quickly gone. This is disastrous for that specific spot and the 

effect could easily spread out. When this speed limit is accompanied by an explanation 

such as “urban area”, acceptance and compliance by drivers will be higher. Also, when 

presenting a speed limit with the explanation ‘smog’ on a clear day, trustworthiness is 

also affected and compliance will be low, although the advice may be correct as smog is 

not always clearly visible and noticed by drivers. 

2.10. Physical interaction  

Physical interaction with the driver should be minimised  

The information service should not require any manual control input from the driver 
while driving. This means that there may be manual interaction with the system on the 
initiative of the driver, but the system should be able to function properly without the 
driver’s response. Physical interaction while driving results in reduced attention to the 
road, which potentially results in a decrease in driving performance. This is due to 
physical as well as visual and cognitive distraction. Therefore it is important that default 
settings are consistent with drivers’ needs and preferences. However, upon request of the 
driver, it should be possible to turn off the application, to adjust the brightness of the 
screen and tune the volume. These may be adjusted by the driver with a simple interface, 
but preferably brightness and volume are adjusted automatically to the changing 
surroundings (like darkness in tunnels). In case any manual control input is requested, 
driver should always be able to keep at least one hand on the steering wheel while 
performing the secondary task. Also if manual controls are located on the steering wheel, 
the specific command should not require concurrent use of both hands. Some preliminary 
results suggest the use of touchscreens which appear to be preferred by drivers and are 
less demanding than rotary and steering controls [38]. This probably depends on the 
(input-)task and will be different in other contexts. More research is needed on this topic. 
 
Preferably, a driver should only operate a simple button in case the system desires input 
by the driver, for instance a ‘yes’ or ‘no’ button. Though, with the remark that the 
corresponding message is easy to comprehend and the whole exercise does not lead to 
more than 2 seconds eyes off the road (see criterion on visual distraction). If the display 
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is not located within reach of the driver, hazardous situations might arise if the driver 
wants to control the system. Hence, put controls within easy reach. Reach envelopes for 
drivers are specified in SAE Standard Driver Hand Control Reach (SAE J287). Other 
relevant information appears in SAE J1138. Research on driver reach preferences shows 
that preferred ranges are 4 to 8 in (10 to 20 cm) which are less than the maximum 
envelopes in the standards and recommended practices.  
 

 

For safety reasons, the display should always be fixed to the car by means of a holder. 

Recommended is to place the display at dashboard level (see picture), to ensure that the 

display is not blocking the view of the driver. 

Example 1. No input necessary  

When drivers are asked whether they would like to take a shorter alternative route, with 

a yes/no button. Preferred: no input is necessary; the driver sees the options and chooses 

by following the directions he prefers.  

Example 2. Extensive menu  

Service gives the driver the opportunity to mark an incident or police surveillance, though 

the option menu is extensive with long and uninterruptible sequences of manual-visual 

interactions to indicate the type and location of the incident. If this input cannot be 

simplified, this should not be a feature of the service at all.  

Example 3. On/off button  

A system should have a clear on/off button at a fixed spot. 

2.11. Negative side effects  

The service avoids negative side effects  

Advice should not have substantial negative side effects on any of these traffic related 

outcomes. With regard to safety, it should be avoided that the advice will lead to higher 

speeds Apart from larger impact in case of a collision, higher driving speeds also provide 

less time to process information and to act on messages or instructions, and increasing 

the braking distance. Therefore the possibility of avoiding a collision is smaller. 

The information or advice should not lead to large detours away from motorways to less 

safe roads. Driving more kilometres will lead to more crashes and unwanted 

environmental effects. Moreover, not all roads are equally safe. Motorways are the safest 

roads. In the Netherlands, most fatalities occur in crashes on urban and rural roads with 

http://standards.sae.org/j287_200702/
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speed limits below 90 km/h. Generally speaking, the number of fatalities per distance 

travelled by motor vehicles on motorways and trunk roads has been shown to be around 

four times lower than on roads with a speed limit of 80 km/h. In addition, city centres, 

school areas and other safety critical areas should be avoided (unless the final 

destination).  

Example 1. Avoid abrupt behaviour  

Do not warn for speed checks at the very last moment (< 100 m or < 3 seconds) because 

this can cause abrupt braking reactions (see also criterion on timing). 

Example 2. Encourage smooth driving  

An application that encourages drivers to accelerate in order to get the green light just in 

time would lead to undesired behaviour from both a safety as well as an environmental 

perspective. On the other hand, a good example would be informing the driver about 

green lights coming up with an advice to choose a smooth and constant driving speed that 

will lead to drive through the green traffic lights. Such smooth driving behaviour can be 

beneficial for safety, environment and traffic flow.  

Example 3. Erroneous information  

Erroneous information regarding the current speed limit – either too low or too high – 

can result in large speed differences on the road between those who rely on the advice 

provided by the application compared to those using the signs along the road. 
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3. Ergonomic criteria  

Brightness and contrast of the system are adjustable to ambient lighting conditions. In 

addition, contrast ratio is between 3:1 and 10:1  

When the brightness and contrast of the system are not adaptable to the ambient light 

conditions (day/night), this could result in blinding and/or difficulty to read the message. 

It is desirable that brightness and contrast are automatically adjusted to match the 

ambient. In addition, contrast is easily adjustable by the driver while driving, with a very 

simple gesture (preferably turning knob on side of display). In general, a contrast ratio 

between foreground and background between 3:1 is considered acceptable, but an higher 

contrast is recommended. A contrast ratio of 5:1 is preferred, especially in night mode 

[46]. 

Font type, size and spacing should be easily legible from the driver’s seating position (taking 

into account different age groups)  

The font should be simple and clear to facilitate easy reading. Font size should be 

determined by the distance between the eyes and the screen, and a minimum visual angle 

of 12° (20° is recommended), even though earlier guideline suggest a greater height of 

24° [46]. Possible crowding effects should be taken into account. This may occur due to 

words and symbols that are located too close together. As a result visual clutter may occur. 

The human factors literature shows that differences among modern font types have less 

impact on legibility (readability) than physical characteristics such as size or contrast. 

Nevertheless, plain font types (such as Arial, Geneva and Helvetica) are more legible than 

ornate ones (such as London), especially for short messages or single words. Where in-

vehicle displays are compared with external displays (e.g., highway signs), it is desirable 

that the font types be similar. Research has also focused on defining stroke-width and 

character height standards to guarantee sufficient legibility (i.e., the easiness in 

identifying and understand a character or a symbol). Initial results suggest to use larger 

stroke and character width, when the information is more critical. The ratio between 

stroke width and character height should be between 10% and 20% whereas the ratio 

between character width and height is set between 65% and 80% [30]. 

Use words of maximum 10 letters and no more than 2 lines of 4 to 5 words per message, 

confining reading to 2x2 seconds maximum  

Long messages may result in too much distraction, since drivers keep their eye off the 

road for too long. See also criterion on visual distraction in the previous chapter. Previous 

guidelines suggest to display not more than four units of information in a single in-car 

device message. 

The auditory volume level of the system should be adaptable, but never higher than 115 dB  

The volume of the system should be loud enough to overcome background noise, though 

not too loud to be a cause for driver distraction or startle the driver. Pitch (increase) may 

emphasize a message, but only to be used temporarily. Research claims maximum volume 
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levels of 95 dB-115 dB. It is desirable that the volume level is automatically adjusted 

according to the background noise. Volume level should be easily adjustable while driving 

with a very simple interface, preferably one touch on a touch screen or by means of a knob 

on the side of the display. In addition, it is preferred that the volume level is about 15 dB 

above ambient noise.  

Colour use should be in line with drivers’ expectations and general colour use in traffic. For 

colour blind people use redundant colour coding or colour combinations that are visible for 

them  

Colour use is closely related to comprehensibility. In order to facilitate quick recognition 

of the signs provided, they should be designed according to the standard colour coding of 

road signs. It is desirable that no more than 5 colours are used in the design (incl. black 

and white). The NHTSA, instead, suggests to use only 4 colour codes [45]. Naujoks 

suggests to use no more than 5 colours (excluding white and black) [46]. The colours 

selected to communicate with the driver should be in accordance with typical stereotypes 

and common scenarios. For example, red is commonly accepted to report the presence of 

an imminent danger or a critical situation, orange-yellow to activate a state of alert and 

green to assure the driver of the absence of danger. Moreover, there are some colour 

contrast combinations that should be avoided because they are detrimental to convey the 

message (i.e. green/red, green/blue, yellow/red, yellow/blue, violet/red) 

For colour blind people extra design rules should be observed, first of all, relaying also on 

aspects other than colour to convey critical messages (i.e. text messages, auditory signals). 

In the Netherlands, about 1 out of every 12 men and 1 out of every 200 women has a 

colour deficiency. The vast majority has a congenital type of red-green colour blindness. 

To provide for colour blind people, use redundant colour coding, i.e., support the colour 

coding with additional information of a different type (e.g. shape, position, size, text, 

sound) which is directly linked to the colour. For example, the red traffic light is always 

on top. Furthermore, use an orange-red colour instead of red as an alarm signal and a 

bluish-green colour instead of green as “safe situation” signal. Part of the colour blind 

people (protanopes) perceive a red colour as black, therefore they are unable to see red 

coloured objects on a black background. The use of an orange-red colour overcomes this.  

Information presented should make use of abbreviations as little as possible  

Abbreviations often take more time to be comprehended by the driver and can be quickly 

misunderstood when the explaining context is minimal. Commonly known abbreviations 

that can be used are km/h, m, min and s. The use of abbreviations for safety-critical 

situations should be avoided. 
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5. Annex 

Annex 1 The three-level model of the driving task (ref?)  

Level Explanation 
Strategic Finding the way through a road network 

(navigation) including, modifying modal choice, 
route choice and exposure (e.g. frequency and/or 
length of travel).  

Manoeuvre 
(Tactic) 

Changing lanes, keeping the vehicle on the lanes, 
including modifying speed choice.  

Control 
(Operational) 

Maintaining speed, headway and distance to other 
vehicles.  

 

 


