
Where Should Driver Information be Placed? A Study on Display Layout 
 

New and more in-vehicle functions are being added into vehicles in different 
locations with the purpose of increasing satisfaction and safety. Driver’s re-
sponses to simple and complex tasks from four commonly found display place-
ments were tested. The respondents’ cognitive workload was tested with the 
Driving Activity Load Index (DALI). Their perception of likeability and ac-
ceptability was sought concerning four display placements in the vehicle. The 
primary results show that the Head-Up Display (HUD) was fitting for warnings 
and primary driver information. For cognitively demanding tasks, the HUD was 
less appreciated by the respondents.  

 
 

INTRODUCTION 
 

 The trend today is to produce automobiles which enhance 
the users’ driving experiences and improve traffic safety. The 
driving process is highly visual (Peacock & Karwowski, 1993; 
Schieber, 1994) and, given that many new functions being 
added to vehicles are also highly visual, there is a risk that too 
much or improper information at the wrong time can lead to 
distraction by taxing the drivers’ mental processing capabili-
ties (Wikman, Nieminen, & Summala, 1998). The driving 
process demands that a driver tracks changes in the traffic 
environment but, if the drivers’ attention is captured by a non-
driving secondary task or if the driver is cognitively loaded in 
another way (Horrey & Wickens, 2006) the driver will not be 
able to react quickly and appropriately to unexpected hazards. 
One of the main safety considerations when using visually 
demanding in-car equipment, like Intelligent Vehicle Tech-
nologies (IVT), is the driver’ s ability to detect objects ap-
proaching in front of the vehicle (Lamble, Laakso, & Sum-
mala, 1999). Accident research shows that distraction is a ma-
jor factor to rear-end collisions (Ranney, Mazzae, Garrott, & 
Goodman, 2000) and drivers often choose to engage in dis-
tracting activities since they do not have a correct picture of 
how it effects their driving (Lesch & Hancock, 2004; Wolgal-
ter & Mayhorn, 2005).  
 Studies have shown that displays up front and within 15˚ 
of the line of sight, called Head-Up Displays (HUD), are op-
timal for reducing the risk for visual distraction since the 
driver does not need to look away from the traffic scene to 
read important driving information or conduct secondary tasks 
(Lamble et al., 1999; Wittmann, Kiss, Gugg, Steffen, Fink, 
Pöppel, et al., 2006). When visual attention is focused on on-
board displays, road control can still be maintained when the 
distance of the display to the line of sight outside is not too 
great (Wittmann et al., 2006). However, there are clear trade-
offs that must be considered. If all in-vehicle information were 
to be placed in the line of sight, there is a risk of cognitive 
overload caused by too much (and, not to mention, cluttered) 
information. Therefore the different placements used in to-
day’s high-end automobiles (e.g. BMW 7-series), for driving 
information, should be tested so that the driver can experience 
how tasks that can be read and responded to.  
 Even though research has shown that HUD’s are a viable 
safety alternative it’s not certain that the level of acceptance 

by drivers’ constitutes the implementation of HUD’s in pas-
senger vehicles. When young drivers and less experienced 
drivers were asked for perceptions of driver information and 
its placements they did not chose the HUD even though it was 
an option (Tretten, Gärling, & Pettersson, 2007). It could be 
that driver’s familiarity and experience with non-HUD 
equipped vehicles precludes them from seeing the HUD as a 
viable option. The Driving Activity Load Index (DALI) is 
designed specifically to be used for measuring the subjective 
cognitive load of the driving task, whereas other methods like 
the NASA-TLX, commonly used for measuring subjective 
workload, are adapted from other fields of research. The 
NASA-TLX also measures physical activity and analytical 
thought processes, which were not relevant for testing normal 
everyday driving (Chin, Nathan, Pauzié, Manzano, Nodari, 
Cherri, et. al., 2006, Pauzié, 1994; Pauzié, Manzano, & Dap-
zol, 2007). The purpose of this paper is to test and compare 
four different display placements of driver information for 
usability and likeability, from a user perspective. The respon-
dents’ cognitive workload, their perceptions of usability and 
acceptance concerning display placements, and their overall 
perception of in-vehicle display placements will also be com-
pared and measured. 

METHOD 

Respondents 
 

 Twenty four respondents with more than five years driv-
ing experience were recruited. Of these, four did not complete 
the experiment, resulting in a final sample of 20 drivers. The 
respondents were equally balanced with respect to gender, 
age, experience, and mileage (Task groups described below). 

Driving environment 
 

 The experiment was conducted in a high-fidelity fixed 
base simulator with four programmable digital displays (Fig-
ure 1), of which one Center-stack display (CS) was a touch-
screen. The HUD placement consisted of a 8” LCD screen 
placed from 10˚ to 12˚ below the line of sight in front of the 
driver with a focal point of roughly one meter from the driv-
ers’ eyes, the Head Down Display (HDD) consisted of a 12” 
LCD screen placed behind the steering wheel from 18˚ to 22˚ 
below the forward line of sight, the Infotainment display (IF) 



consisted of a 8” LCD screen 30˚ to the right of the driver and 
15˚ below the line of sight, and the CS consisted of a 12” 
touch-screen on edge placed 30˚ to the right of the driver and 
30˚ below the line of sight. 
 

 
 

Figure 1. Display placements for information presentation. 

Road environment 
 

 The road environment consisted of three driving blocks, 
namely, the practice session, the baseline, and the experimen-
tal session. The practice session consisted of a 10 km stretch 
similar to the experimental and baseline runs. The baseline 
drive consisted of a 15 km route, which took over 20 minutes 
to complete, beginning in a rural area with light traffic con-
tinuing through several small communities to an urban area, 
where the driver met moderate traffic and was required to stop 
at a traffic light. The route had two roundabouts and finished 
up with light traffic in a rural area. The experimental route 
was the same as the baseline but in the reverse direction.  

Procedure 
 

 The respondents were split up into two groups; those who 
were given either simple tasks or complex tasks. The between 
subject design was chosen so that the task would appear in the 
exact same traffic environment for two different types of lay-
outs, this was done to reduce the possibly to predict elements 
of the traffic environment. The Simple task group responded 
to generic warning messages by pressing a “reset” button, 
easily accessible on the end of the turn signal handle, to con-
firm that they had noticed the message and to delete it from 
the screen. The warnings were shown 10 times during the 
drive from one of the four display positions and this occurred 
often when the outside environment demanded the respon-
dents’ attention (e.g. at a stop light, entering a roundabout, 
etc). The Complex task group was given 10 instructions in the 
same screen placements in the exact same traffic situations as 
the Simple task group.  The driver had to read and carry out 
the instructions. For example, they used the vehicles CS own 
systems to adjust temperature, change volume, activate CD, 
activate MP3, change MP3 artist, call two different telephone 
numbers, and change the fan speed. The subjects were not 
asked to prioritize either the driving or the secondary task over 
the other. The purpose of testing and comparing simple and 
complex tasks was to determine whether cognitive workload 

had any effect in how the respondents perceive the place-
ments. 

Data analysis 
 

 After each block, a questionnaire measuring the cognitive 
workload, Driving Activity Load Index (DALI), was con-
ducted. The DALI, based upon the NASA-TLX, contains a 
scale from zero to five which is used to measure the driver’s 
perceptual load, mental workload, and the drivers’ state. 
These consist of seven questions which measure the drivers’ 
visual demand, auditory demand, tactile demand, temporal 
demand, interference, attention demand, and situational stress 
in relation to normal driving. For example, for visual demand 
the drivers were asked “How do you rate the visual demand 
required during the test with regard to what you usually feel 
while driving?”. Questions regarding tactile demand were 
removed since tactile aspects of the tasks were not studied. 
 An interview was conducted to measure the respondents’ 
subjective experience of the tasks in relation to screen place-
ments. The interview contained questions concerning socio-
demographic, driving and simulator experience, and questions 
concerning likeability and usability. For example, drivers were 
asked “on a scale from one to ten where one means very easy 
and ten means very difficult, how would you rate the diffi-
culty of reading and completing the given task”, “Given very 
good, good, average, poor, and bad how would you rate your 
experience of information being presented in HUD”, and 
“Given very good, good, average, poor, and bad how would 
you rate the ease of use for completing a task from the HUD”. 
Questions were also asked concerning the placement of driver 
information. The respondents were asked which display place-
ment they preferred overall, which placement they preferred to 
receive warnings for serious failures, warnings concerning 
vehicle operation, service items, and miscellaneous reminders. 

RESULTS 

Respondents 
 

The respondents consisted of two groups, Simple and Com-
plex task. The average age of the Simple task group was 35 
years and 36 for the Complex task group. The average license 
age was 17 years for the Simple task group and 18 for the 
Complex task group. The average distance driven per week 
for Simple and Complex task groups was 152 km and 157km, 
respectively. 

Driving Activity Load Index (DALI) 
 

 Overall, stress was rated as significantly higher in the 
experimental runs as opposed to the baseline runs t(19)= -
3.943, p= .001. For the Complex task group was stress 
rated as significantly more demanding in the experimental 
run t(9)= -3.857, p= .004 (Table 1). 

 



Table 1. DALI results (0 low to 5 high). 
 Simple Complex 

DALI factors Base Exp Base Exp 
GAD 3.8 3.6 3.8 4.2 
Visual Demand 3.4 3.9 3.0 3.4 
Auditory Demand 2.3 2.5 1.8 2.3 
Stressa 3.1 3.7 2.8 3.7**
Temporal Demand 2.9 2.6 2.7 3.4 
Interference 3.4 3.3 2.4 3.0 
Total 3.2 3.3 2.8 3.3 

        **p<.01 a p<.05 both baselines vs both experiments 
 

Placement of information 
 

 The HUD location was rated favorably on likeability and 
usability, the HDD and the IF were rated as being moderate, 
and the CS was rated as very poor. Overall, the HUD was, 
regardless of group, rated as the best placement for reading 
and completing the given tasks and the CS placement as the 
poorest. The HDD and the IF differed only marginally from 
each other (Table 2).  

 
Table 2. Likeability and usability ratings of display place-
ment (1 very good – 5 very poor). 
 

 Simple Complex 

 Likeability Usability Total Likeability Usability Total 

HUD 1.3** 1.1** 1.2 1.5 1.4** 1.4 

HDD 2.1 2.2 2.1 2.0 2.3 2.1 

IF 2.5 2.6 2.5 2.6 2.4 2.5 

CS 4.4** 4.8** 4.4 4.6** 3.8** 4.6 

*p<.05 **p<.01 

 
 Respondents in the Simple group rated the tasks as being 
easier than those who completed and rated the complex task, 
4.9 as opposed to 7.9. A one-way correlated ANOVA showed 
significant differences for the Simple task group in likeability 
and (F 3,24 = 32.35, p=.000). Post hoc tests with Bonferroni 
correction found that HUD differed from IF (p=.033) and the 
HUD the (p=.000). The CS differed from the HDD (p=.001) 
and IF (p=0.004). For usability were significant differences 
found, (F 3,21 = 36.84, p=.000). Post hoc tests with Bonferroni 
correction found that the HUD differed from HDD (p=.043) 
and CS (p=.000). The CS differed from the HDD (p=.000) 
and IF (p=.006). A one-way correlated ANOVA showed sig-
nificant differences for the Complex task group in likeability 
(F 3,21 = 38.20, p=.000). Post hoc tests with Bonferroni cor-
rection found that CS differed from HUD (p=.000), HDD 
(p=.000), and IF (p=.000). For usability were significant dif-
ferences found, (F 3,24 = 15.70, p=.000). Post hoc tests with 
Bonferroni correction found that HUD differed from IF 
(p=.016) and CS (p=.006). The CS differed from the HDD 
(p=.021). 
 
 

Respondents choices of information 
 

 The Simple task group preferred the HUD location over-
all for information as well as for serious failures and vehicle 
operation warnings; however preferred the HDD for service 
items and miscellaneous reminders. The Complex task group 
preferred the HDD overall and for miscellaneous reminders 
but preferred the HUD for serious failures, vehicle operation 
warnings, and service items (Table 3).  The Simple task group 
chose HUD as the overall best placement with 70% while the 
Complex task group chose the HDD as the overall best place-
ment with 50% of the respondents choosing it. Both groups 
chose serious failures and vehicle operation to be placed in the 
HUD. The Simple task group chose service items to be placed 
in the HUD while the Complex task group placed it in the 
HDD and finally both groups chose miscellaneous reminders 
to be placed in the HDD.  
 

Table 3. Preferred presentation for warnings. 
 Types of information (%) Simple  Complex   

Overall  HUD (70) HDD (50) 

Serious Failures  HUD (80) HUD (60) 

Vehicle Operation  HUD (70) HUD (90) 

Service Items HDD (40) HUD (40) 

Misc. Reminders  HDD (40) HDD (60) 

DISCUSSION 
 

 Both the Simple and Complex task groups were given a 
message on one of the four display locations. The DALI re-
sults showed that the stress level was higher for the Complex 
task group. The complex task was the more demanding of the 
two since it required, in addition to visual scanning and in-
creased attention, drivers to follow instructions and complete 
them correctly. The other factors did not vary significantly 
from the baseline runs.  
 The respondents showed that they preferred the HUD 
placement through their high ratings of likeability and usabil-
ity. This placement was high-up close to the drivers’ line of 
sight and the information was not too demanding, according to 
the respondents, as supported by Dingus (1989) and Green 
(1999) for display placement. The use of the CS placement 
resulted in restricted vision to the road scene during driving—
which could account for the low ratings it received. This was 
especially evident in the Complex task group since they had to 
not only read a message there they were to complete a task in 
that area of the vehicle. Previous research of HUD in automo-
biles has shown advantages for the HUD placement (Liu & 
Wen, 2004; Wittmann et al., 2006), though others have re-
ported that respondents’ unfamiliar with HUD’s tend to prefer 
more common solutions for information placement (Tretten, 
Gärling, & Pettersson, 2008). After having tested and experi-
enced these display placements which are typical of some 
high-end automobiles the respondents in the current study 
tended to support the implementation of HUD’s in passenger 
vehicles. 



 Another interesting result is that the drivers rated both the 
HDD and IF as being similar in both likeability and usability. 
There have been attempts in modern vehicles (e.g. Toyota 
Prius) to use the IF placement as an alternative for most driver 
information but some manufacturers which previously used 
the IF placement for primary driver information have chosen 
to move the information back to the HDD placement (e.g. 
Nissan X-Trail). The IF option was placed in more affordable 
vehicles since HUD’s are often only found as an option in 
high-end vehicles due to the high manufacturing cost (Head 
up price, 2006). The IF is closer to the traffic scene and closer 
to control functions, thus, it is possible that such a display 
location could support more complex functions in vehicles 
today. Possibly a high up IF location is the best for IVT func-
tions that do not demand an immediate response from the 
driver. Those demanding an immediate response, on the other 
hand, might be best placed in a HUD location. 
 Even though the HUD was rated as the having high like-
ability and as having a high usability by both the Simple task 
and Complex task groups, it was not the most preferred place-
ment in the Complex task group. The complex task did pro-
duce a higher cognitive load presented in the DALI where 
they had a higher stress level relative to baseline driving and 
this probably factored into their overall response. Their tasks 
were more complex but no more complex than tasks regularly 
completed in traffic today. The HDD placement is what they 
are used to and it is possible that people rely on that what they 
are used to and the addition of the HUD along with increased 
stress made them feel uncomfortable thus they chose to 
choose the HDD since it was within their own comfort zone. 
 Both the Complex and Simple task groups chose serious 
failures and vehicle operation warnings to be placed in the 
HUD probably because that information is necessary to vehi-
cle safety and safe operation. Information was split up so that 
information concerning the most necessary warnings and re-
minders were to be placed in the HUD and those of less im-
portance to be placed in the HDD further away from the line 
of sight. It is possible that people are not used to the HUD and 
due to that unfamiliarity are not as willing to buy one in their 
own vehicles. Research has been relatively clear in that dis-
plays that are high up and close to the traffic scene reduce 
some distraction risks but that is not enough of an argument 
for people to want them in their own vehicles. Perhaps with 
increased exposure, drivers’ perceptions will change and lead 
them to want the safety advantages.  
 Given the focus of this study no driving performance data 
was taken. The next step in validating the cost-benefit of the 
various display locations would be to test them in more realis-
tic driving conditions. 
 

CONCLUSIONS 
 

 According to the respondents’ the HUD was most appli-
cable for primary driving functions and important warnings. 
When HUD displays become more widespread, drivers will 
learn to quickly rely on them as they do the HDD today. 
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