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The concern for mental overload from warnings has been considered over a longer period of time, even 
though; warnings continue to be added in vehicles. Both warnings and icons are being tested for 
understandability but perceptions of the importance of each specific warning and its placement in the 
driving compartment seems to have had lesser importance in research. Such as, too much visual 
information presented to the driver or confusing warnings has showed to cause overload and, hence, reduce 
the driver’s ability to perform safely. A dilemma the automobile industry is facing today is how to expand 
the ways visual information via warnings can be presented to the driver without increasing the cognitive 
workload, which, in turn, increases the risk for distraction. The aim of this study was to investigate the 
effects of warnings placement on the drivers’ ability to respond to them while maintaining safe driving in 
normal driving conditions. Twenty respondents drove a fixed based high fidelity driving simulator though 
15km of light to moderate traffic in both rural and urban areas while responding to warnings. Ten 
respondents received warnings in both the head-up display (HUD) and head-down display (HDD) 
simultaneously while the other respondents received the same ten warnings in one of the four displays: 
HUD, HDD, infotainment display (IF), and center-stack display (CS) in the same traffic situations but in 
only one of the four placements at a time. The respondents’ response times to the warnings (via focal 
vision), their gaze patterns, average speed, maneuverability, and their own subjective responses were 
measured. The results showed that there were no significant differences between the baseline and 
experimental runs due to the simple nature of the tasks while significant differences were found in the 
response times regarding the four placement design. Warnings for serious failures and those pertaining to 
the vehicles mechanical operation were preferred to be placed in the HUD while warnings for maintenance 
and service along with reminders were chosen to be placed in the HDD. Response times and driving was 
perceived to be better when using the HUD while the CS was considered too far away to be looked at for 
warnings. 

 
 
 

INTRODUCTION
 
 Automobiles are becoming more and more 
technologically complex (Baber & Wankling, 1992; Noy, 
1997) with more and more built-in driver information 
systems (Tsimhoni & Green, 2001). This also increases the 
amount, and range, of information presented to the driver, 
which leads to the use of dynamic displays showing many 
types of information in one place (Baber & Wankling, 1992). 
The driver is mainly guided by vision when driving, and 
visual information can be lost when a large quantity of 
information is displayed to the driver and this can have a 
negative effect on driving safely, since the visual faculties 
compete with the same perceptual and cognitive resources 
that are used to conduct the driving task. (Horberry, 
Anderson, Regan, Triggs, & Brown, 2006). For a safe traffic 
environment, drivers must have their attention on the outside 
of the car rather than on in-vehicle displays (Baber & 
Wankling, 1992). Luoma and Rämä (2002) even claim that 
an in-vehicle information system should only provide 
information when it’s really needed. Having attention on 
something other than driving, a secondary task, increases the 
in-vehicle glance durations and is associated with decreased 
driving performance and increased crash risk (W.J. Horrey & 
Wickens, 2007; Tsimhoni & Green, 2001). 

 As Bishop (2005) states new technologies must be 
human centered and take into consideration how visual 
attention is conducted, the level of cognitive load a driver 
faces, and in what way it should be maintained for safe 
driving because the driver workload concerns both primary 
and secondary tasks. Horrey, Wickens, and Consalus (2006), 
and Wittman et al. (2006) declare that if information is 
acquired from a display located close to the road view, the 
driving performance is less degraded than for a distant 
display. The Head-up Display (HUD) opens up new 
possibilities, because it reduces the number, and duration, of 
drivers’ sight deviations from the road. Thereby the drivers 
can receive information via the HUD without taking their 
eyes off the road (Dingus, 1989; Green, 1999). As earlier 
research has shown there is no clear difference between the 
HUD and Head-down Display (HDD) in relation to the 
driver’s ability to navigate accurately (Hooey & Gore, 1998; 
Liu & Wen, 2004). In other findings did the HUD help the 
driver to react more quickly to the vehicles warning systems 
(Wickens, Martin-Emerson, & Larish, 1993), but also to 
hinder the driver to receive road information (Gish & Staplin, 
1995; Liu & Wen, 2004). According to Wittmann et al., 
(2006), the detection of signals is easiest near the line of 
sight, and it decreases significantly in relation to the distance 



from the line of sight and especially on the vertical plane. 
Physiological measures has been used earlier to study 
workload in in-vehicle technology studies, however, more 
research is needed as they have not always shown any effects 
(Johansson et al., 2004). 
 High-end automobiles today contain HUD and HDD 
along with various other display locations (e.g. BMW 7-
series). In order to find out how drivers react to warnings in 
different display positions do placements need to be tested 
and compared. Since the HUD has previously been shown to 
be a viable placement for driver information it should be 
tested verses the HDD. One way would be to test the HDD 
exclusively and then compare the results to the HUD and 
other placements. Another solution would be to present the 
same basic information in both the HUD and HDD at the 
same time and via eye-tracking follow the drivers’ vision, 
observe their actions, measure driving performance, and find 
out their preferences. This way can the drivers can compare 
the two placements “on the fly” as to give another angle on 
how warnings could be presented to the driver. To the 
author’s knowledge this has not been previously tested.  
 The aim of this study is to, from a user perspective, 
investigate how simulated normal driving conditions effect the 
drivers ability to detect warnings in a central and a peripheral 
layout. The following questions were investigated; how do 
drivers respond to centrally located warnings vs. a spread out 
layout and what kind of layout do they prefer? What are the 
benefits and disadvantages of the two layouts? What is the 
area of choice for warnings? Do the subjective measures agree 
with the physiological, eye-tracking, and driving data? 
 

METHOD 
 

Respondents 
 
 Respondents with more than five years driving experience 
were asked to complete the experiment. Four respondents did 
not complete the experiment due to various reasons. The 
respondents were split up into two groups; the Central and the 
Peripheral group. Half of the respondents were randomly 
divided up amongst the groups that drove the experimental run 
first and the other half the baseline first.  The average age of 
the Central was 39 years and of the Peripheral 35. The average 
license age was 19 years for the Central and 17 for the 
Peripheral. The average distance driven per week for Central 
and Peripheral groups was 138 km and 152km, respectively. 
All participants had a valid driver’s licence and either normal 
or corrected to normal vision. None of the participants’ private 
vehicles were equipped with any type of HUD display. 
 
Road environment 
 
 The road environment consisted of three driving blocks, 
namely, the practice, the baseline, and the experimental block. 
The practice block consisted of a 10 km stretch similar to the 
experimental and baseline blocks. The baseline drive consisted 
of a 15 km route that had both 50 and 70 km/hour zones. The 
route began in a rural area with light traffic continuing 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 exactly the 
same as the baseline but in the reverse direction. 
 
Driving environment 
 
 The experiment was conducted in a high-fidelity fixed 
base simulator with four programmable digital displays 
(Figure 1), of which one Center-Stack (CS) was a touch-
screen. The HUD placement consisted of a 8” LCD screen 
placed from 15˚ below the line of sight in front of the driver, 
the HDD consisted of a 12” LCD screen placed behind the 
steering wheel from 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 17˚ 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. Four different display positions for onboard 
information presentation. 
 
 Eye movements were monitored by Seeing Machine’s 
FaceLab system (version 4.5) with two Point Grey Flea 
cameras and one infrared sensor mounted on top of the 
instrument panel. The minimum duration for a glance was in 
this study set to 100ms (Horrey and Wickens, 2007). Eye data 
calculations were based on fixations towards areas of interest. 
The following areas were included in a 3D model, the forward 
roadway, each of the rearview mirrors, the HUD, the HDD, 
the IF, and the IF displays. Each individual respondent was 
calibrated and the 3D model was adjusted accordingly. 
Physiological measures were collected with Mind Media’s 
Nexus-10 hardware and BioTrace (version 1.20) software. 
EKG sensors in a Lead II chest position were used for 
measuring HR. Galvanic skin resistance (GSR) sensors were 
mounted on the index and ring finger of the left hand. A 
temperature sensor was mounted on the middle finger on the 
left hand. 
 
Procedure 
 
 The experiment consisted of warnings displayed in either 
a Central layout consisting of simultaneous warnings in the 
HUD and HDD locations (speed was also shown in both 
displays) or a Peripheral layout in which warnings were 
presented to the respondents randomly in either the HUD, 
HDD, IF, and CS placements. The driving conditions were 



“driving only” and “driving with a task”. For the latter, were 
warnings presented to the driver in the form of common 
automobile warnings consisting of a 15×15mm icon 
accompanied by a text such as for instance “Low washer 
fluid”. There were ten generic warnings of similar length and 
similar complicity displayed. The respondents were to respond 
to the warnings by pressing a “reset” button, easily accessible 
on the end of the turn signal handle. This was used as a 
confirmation to that they had noticed the message and also to 
delete it from the screen. The warnings were shown 10 times 
during the drive. The respondents were not asked to prioritize 
either the driving or the task over the other. The respondents 
then rated the placements and clarified their choices. The 
respondents’ response times to the warnings (via focal vision 
and the pressing of a button), their gaze patterns, speed, 
maneuverability, and their own subjective responses were 
measured. 
 
Material 
 
 After each of the blocks a questionnaire measuring the 
cognitive workload, Driving Activity Load Index (DALI), was 
conducted. The DALI, based upon the NASA-TLX, contains a 
scale from zero to five which is used to measure the drivers’ 
visual demand, auditory demand, tactile demand, temporal 
demand, interference, attention demand, and situational stress 
in relation to normal driving. An interview was conducted to 
gain a better understanding of their experiences and it 
contained questions concerning sociodemographic data, 
driving and simulator experience, and their experienced level 
of likeability and usability to the display locations. E.g. 
“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, where they would prefer its 
placement and which placement they preferred to receive 
warnings for serious failures, vehicle operation, service items, 
and miscellaneous reminders.  
 
Experimental Design 

 The experiment was a 2 (driving condition) x 2 (display 
configuration) factorial design with repeated measures on the 
first factor. The two display configurations were “Central” 
where vehicle speed and warnings was presented to the driver 
redundant in the HUD and HDD, and “Peripheral” where 
vehicle speed was presented in the HDD display and warnings 
appeared in one of the four display positions (Figure 1). The 
order of displays the warnings appeared in was: IF, CS, HDD, 
IF, HUD, HDD, IF, HUD, HDD, and CS. Due to the unequal 
distribution for variables due to outliers for “Time to notice”, 
Glance frequency”, Total glance time” Glance time from 
road”, “Time to reset”, Lane position deviation”, and 
Deviation from speed limit 70 zone” was the Mann-Whitney 
U test used. 
 
 

RESULTS 
 
Driving task 
 
 There were no significant differences due to speed, lane 
position deviation, GSR, pulse, between the baseline tests. 
Neither were there any significant differences between the 
driving situation and its effects on the layout position when 
comparing these as global measures. When driving was 
compared in relation to the two layouts (Table 1) did the 
Peripheral respondents respond slower and with less accuracy 
to; time to notice, glance frequency, total glance time, glance 
time from road, time to reset, lane position deviation, and 
deviation from speed limit.  
 
Table 1. Central and Peripheral layouts effect on the driving 
task 

Test Central Peripheral 
Mann- 

Whitney U
Sig.  

(2 tailed)
Time to notice 22.45 55.00 21 000 .050 
Glance frequency 1.51 2.64 7 500 .002 
Total glance time 7.54 11.81 19 000 .034 
Glance time from 
road 

16.86 40.97 11 000 .006 

Time to reset 46.09 112.92 16 000 .018 
Lane position dev. .339 .447 17 000 .022 
Dev from speed 
limit 70 zone 

6.71 8.96 21 000 .050 

 
 Comparison of the display layouts, using a Mann-
Whitney test, found a significant differences there the 
peripheral group showed greater time to notice U(19)= 21,000, 
p= .050, glance frequency U(19)= 7,500, p= .002, total glance 
time U(19)= 19,000, p= .034, glance time from road 
U(19)= 11,000, p= .006, time to reset U(19)= 16,000, p= .018, 
lane position deviation U(19)= 17,000, p= .022, and deviation 
from speed limit U(19)= 21,000, p= .050. The differences 
between all other data failed to reach significance. 
 
Driving Activity Load Index 

 Overall, the Visual Demand, Auditory Demand, and 
Stress were rated as higher in both experimental blocks than in 
baseline block (Table 2). For the Peripheral group was Stress 
rated as significantly more demanding in the experimental 
block t(9)=  -3.857, p= .004. There were no significant 
differences between the other factors. 
 
Table 2. DALI results (0 low to 5 high). 

 Central Peripheral 
DALI factors Base Experiment Base Experiment 
GAD 3.8 4.1 3.8 3.6 
Visual Demand 3.6 3.7 3.4 3.9 
Auditory Demand 1.9 2.1 2.3 2.5 
Tactile Demand 2.9 2.5 2.8 2.8 
Stress 3.5 3.7 3.1 3.7** 
Temporal Demand 2.3 3.3 2.9 2.6 
Interference 2.7 3.3 3.4 3.3 
Total 2.7 3.3 3.2 3.3 

 **p<.01 
 



Likeability and usability 
 
 The respondents rated how they liked the display layouts 
and their usability while driving in traffic (Table 3). For the 
Central and Peripheral groups the HUD display layout was 
perceived as more likable as well as more usable and in the 
Peripheral group the IF display position as more likable as 
well as more usable than the CS.  

Table 3. Likeability and usability ratings of display placement 
(1 very good – 5 very poor). 

 Central Peripheral 

 Likeability Usability Total Likeability Usability Total 

HUD 1.3 1.0 1.2 1.3 1.1 1.2 

HDD 2.5 2.5 2.5 2.1 2.2 2.1 

IF n/a n/a  2.5 2.6 2.5 

CS n/a n/a  4.4 4.4 4.4 

 
 Within the Central group was the HUD rated as 
significantly better than the HDD for both likeability and 
usability, t(9)= -3.943, p= .003 and t(9)=  -4.000, p= .003, 
respectively. Concerning the Peripheral layout group was the 
IF rated as being significantly more likeable than the HDD 
t(9)=  -5.547, p= .000 and for usability was HUD was rated as 
being significantly better than HDD t(9)=  -3.873, p= .004 and 
IF as being significantly more likeable and usable than the CS 
t(8)= -5.376, p= .001 and t(9)=  -4.846, p= .001, respectively. 
There were no significant differences between the Central and 
Peripheral groups concerning likeability and usability of the 
two layouts; the HUD and the HDD. 
 
Respondents Choices of information 
 
 Both groups preferred the HUD location overall as well as 
for serious failures and vehicle operation warnings while the 
HDD was preferred for service items and miscellaneous 
reminders (Table 4). The Central and Peripheral task groups 
chose HUD as the overall best placement, best placement for 
serious failures, and vehicle operation warnings. Both groups 
chose service items and miscellaneous reminders to be placed 
in the HDD.  
 
Table 4. Preferred presentation for warnings. 

 Types of information  Central  Peripheral 

Overall (%) HUD (80) HUD (70) 

Serious Failures (%) HUD (90) HUD (80) 

Vehicle Operation (%) HUD (80) HUD (70) 

Service Items (%) HDD (40) HDD (40) 

Misc. Reminders (%) HDD (60) HDD (40) 

 
 
 
 
 
 

DISCUSSION 
 
 The results showed that there were no significant 
differences between groups with the measures for eye-
tracking, speed, lane deviation, GSR, pulse, hand temperature, 
and the DALI subjective measures. Since the road and traffic 
scenes were exactly the same it is reasonable to assume that 
the groups experienced them similarly. There was no 
significant difference in driving performance for the global 
measures of the Baseline and Experiment blocks. While traffic 
in the Experiment not did significantly differ from the 
Baseline the task measures between the groups did. The 
Central did not show any significant differences in either the 
Baseline subjective measures or the simulator data. It should 
be noted that the respondent’s physical movements did not 
substantially differ between the Baseline and Experimental act 
of driving. The Peripheral layout, on the other hand, presented 
warnings randomly in one of the four displays of which the 
main difference was that the driver needed to rotate their head 
to scan the displays in cab to see them. 
 The subjective measures showed an increased level of 
Stress for the Peripheral group. This result can be partially 
explained together with the simulator data where Glance time 
from road, lane position deviation, and deviation from the 70 
speed limit was significantly higher for the Peripheral group. 
Since both groups received the exact same traffic situations in 
relation to the warning presentation, the traffic situation did 
not seem to affect the Stress levels but the need to scan the 
Peripheral layout added visual demands that required the 
respondent to look away from the traffic, which also resulted 
in decreased driving performance.  
 Overall, the Peripheral group was not as quick to detect 
the warnings, which is natural since the CS was much further 
from the traffic scene and the task of scanning four screens 
spread out naturally takes more time than just scanning a 
display closer to the line of sight. An unexpected result was 
the increased amount of time it took the Peripheral group to 
read the warnings in the CS display and the increased number 
of glances the respondents needed before they did reset the 
warnings. It may be possible that the eye-tracking equipment 
missed certain glances to the HUD resulting in a lower 
number of glances and less glance time but this was not likely 
since even the subjective measures stated that the CS was 
“uncomfortably” far away from the road scene.  
 Even though average drivers in average traffic use the 
radio and climate controls found in the CS are they really 
comfortable with that? These respondents stated that this area 
was not a preferred area for warnings and did spend more time 
reading the warnings found there than in the other locations. 
Their decreased level of performance with minor messages 
shows that an even greater risk is taken by drivers’ while in 
traffic where they adjust less clearly understood controls 
found in the CS. It was also stated by the respondents they, in 
some conditions of higher cognitive demand, waited until the 
traffic situation became easier before they choose to reset the 
warning or even scan for warnings. The same is true in real 
traffic there drivers do choose to prioritize traffic scanning.  
 Since the experiment was not particularly demanding it 
was difficult to measure significant differences between the 



physiological measures in the different tests. The GSR, pulse, 
and hand temperature data did show some tendencies that 
related to the traffic situation but there were no direct 
significant differences. The subjective measures, DALI and 
interview questions, resulted in significant differences which 
did not correspond with the physiological measures but the 
subjective measures did relate to the driving performance 
measures. Concerning the physiological measures it would be 
interesting to compare these results to normal driving and 
normal daily activities so to gain a better knowledge of how 
people behave in test environments verses natural 
environments.  
 Overall, was the HUD preferred by both the Central and 
Peripheral groups to be used for warnings. More specifically 
were warnings of great importance like serious failures and 
vehicle operation preferred to be displayed in the HUD while 
warnings of less importance e.g. service items and 
miscellaneous warnings, were preferred to be displayed in the 
HDD. The respondents expressed that they wanted a 
separation and organization of information being presented 
close to the traffic scene. This is also in congruence with 
Wickens and Hollands (2000). The results showed that 
warnings displayed further away from the traffic scene 
resulted in decreased vehicle control and a higher level of 
experienced stress. This is also why CS was rated as being 
very poor for both likeability and usability.  
 An interesting result is that both the HDD and IF 
locations received similar ratings for both likeability and 
usability. Wittmann et al. (2006) found that display locations 
equivalent to the HUD and IF layouts used here were the best 
for conducting tasks while driving. But these results show that 
the HUD was strongly favored over the IF and the HDD. None 
of the participants had a HUD in their personal vehicle so the 
HUD was perhaps not the primary choice in the search for 
information in their normal driving habits. The IF may be a 
reasonable alternative to the HDD, even though, it is not in 
widespread use in vehicles today and would take some time to 
get used to, the respondents did not think that it was an 
alternative to the HUD. Since the respondents expressed that 
they wanted a separation of information and earlier research 
has shown that the IF location would be a better location since 
drivers would not required to rotate their heads as far from 
away the traffic scene as Wittmann et. al. (2006) posits. It is 
also noteworthy to mention that the driver’s are, at the same 
time, able to monitor the traffic scene with their peripheral 
vision. 
 

CONCLUSIONS 
 

 For the design and layout of warnings is the HUD the 
overall most preferred location for warnings due to the results 
of eye-tracking data, driving data, and subjective responses. 
The respondent’s also preferred a separation and organization 
of warnings based upon the level of importance but did not 
want them to be located in the CS since it was too far away. 
Finally, the IF placement received similar results to the HDD 
and therefore could be implemented more often. Earlier 
research has shown it to be a safe alterative and the 

respondents rated it as equally likable and usable as the HDD 
for warning presentation. 
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