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Abstract 

Visual warnings are used to help prevent drivers’ from making unnecessary mistakes and if the 

warnings are not noticed in time they are useless. Today are warnings most often placed in front 

of the driver, behind the steering wheel, but this may not be the most conducive location for all 

warnings. An unexpected warning can increase the risk for distraction, just as a poorly placed 

warning can, which could decrease the drivers’ chances to react correctly for what is warned for. 

A dilemma for traffic safety experts is how to expand the ways warnings can be presented to the 

driver without negatively affecting driver performance. In this study was a questionnaire used to 

find out peoples perception to in-vehicle warnings and where they preferred those to be found; in 

a head-up display (HUD), head-down display (HDD), infotainment (IF), or a center-stack (CS). 

In continuation were twenty respondents tested in a high fidelity fixed base simulator to see how 

different warnings placements were responded to and how they affected normal driving. Ten 

respondents were simultaneously presented a warning in the HUD and HDD and ten respondents 

were presented a warning in one of the displays, HUD, HDD, IF, and CS. The respondents’ 

response times (via focal vision), driving performance, and their own subjective responses were 

measured. This included measuring the cognitive workload with the Driving Activity Load Index 

(DALI). The results showed that the HUD was almost exclusively used by the respondents of the 

HUD/HDD group and all respondents stated that the HUD was best fitted for important warnings. 

More transparent groupings of warnings were requested as was a separation of warnings based on 

their level of importance. Moreover, the drivers performed best when the warnings were 

presented in the HUD and IF locations. 



Introduction 

 The trend today is to produce automobiles that have exciting systems which enhance the 

users’ experience, but not much consideration has been taken to the fact that these increase the 

risk for distractions (Ashley, 2001; Wogalter & Leonard, 1999). This also includes the vehicles’ 

warning and advanced safety systems. Since the driving process is highly visual (Peacock & 

Karwowski, 1993; Schieber, 1994) and many functions are being added to vehicles today which 

are highly visual, too much, or improper, information at the wrong time can lead to distraction by 

taxing the drivers’ mental processing capabilities (Wikman, Nieminen, & Summala, 1998). The 

distraction potential of these systems has, however, not fully been considered in that there can be 

large differences in the driver’s level of distraction caused by visual load. A dilemma for traffic 

safety experts is how to expand the ways warnings can be presented to the driver without 

negatively affecting driver performance.  

 The purpose of warning systems is to elicit an appropriate avoidance response from the 

driver. For high-priority warnings, the time between warning signal onset and response may be 

less than 2 seconds leaving very little margin for delay or error (IHRA-ITS, 2008). This 

perception response sequence becomes fast and reflexive for very well practiced drivers but the 

sequence may be slower for situations and responses that are unexpected or less familiar to the 

driver (Chapman & Underwood, 1998). Drivers that are fully expecting a hazard have an 

estimated median reaction time of 0.6 to 0.65 seconds, but to unexpected yet common hazards the 

estimated median reaction time is 1.15 seconds, and to completely unexpected events the median 

reaction time is up to 1.4 seconds (Campbell, Richard, Brown, & McCallum, 2007).  

 Research has been conducted to produce relevant warnings for the International Standards 

Organization and this continues as the number of safety systems increase (Campbell, 

Hoffmeister, Kiefer, Selke, Green, & Richman, 2004). Wogalter and Leonard (1999) argued that 

the research on warnings has been driven by an increased interest in safety due to concern for 

legal implications where the lack of, or an improper warning, could determine the outcome of a 

lawsuit, and from national governments and standards organizations who understand the need for 

them. There are some guidelines, such as those in Europe (ESoP, 2005), North America (AAM, 

2002), and Japan (JAMA, 2004), but, unfortunately, all these principles are voluntary and apply 

only to the design of in-vehicle information systems (IVIS) and communication systems and are 

not for warning systems. Warning systems are different in many ways from in-vehicle 



information and communication systems, and as a consequence should have separate 

requirements (IHRA-ITS, 2008).  

 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 enough and 

appropriately to unexpected warnings nor their hazards. Cognitive workload is defined by the 

relationship between resource supply and task demand on an operator which means that the 

mental resources cannot take care of all the demands placed on it (Reason, 2002; Wickens & 

Hollands, 2000). Demands, such as those in traffic situations or even secondary tasks in the 

vehicle can cause the driver to have a high cognitive workload, hence, reducing the operator’s 

ability to perform safely. As Bishop (2005) stated, 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. In designing and developing 

warnings it is important to choose the correct object of study as well as the correct user (Frantz, 

Rhoades, & Lehto, 1999). 

 In vehicle operation, traffic safety, driver distraction, and cognitive workload are intrinsically 

intertwined (Patten, 2007). In designing warnings, the visual workload and the line of sight need 

to be considered so that when a warning is actuated the driver does not need to make movements 

that are unnatural/abnormal, which could hinder a correct and timely response. Accident research 

shows that distraction is a major factor to rear-end collisions (Ranney, Mazzae, Garrott, & 

Goodman, 2000) and drivers do choose to engage in distracting activities since they do not have a 

correct understanding of how it effects their driving (Lesch & Hancock, 2004; Wogalter & 

Mayhorn, 2005). 

 As a result of safety concerns, automobile manufacturers have increased the number of IVIS’s 

which are to help drivers by presenting real-time information regarding routes, delays, 

congestion, and warnings of potential hazards (May, Ross, & Osman, 2005). However, there is 

concern over their potential to distract drivers and reduce driving performance as well as increase 

accidents even more (Engström, Johansson, & Östlund, 2005; Goodman, Bents, Tijerina, 

Wierwille, Lerner, & Benel, 1997; Goodman, Tijerina, Bents, & Wierwille, 1999; Tijerina, 

2000). A dilemma the automobile industry is facing today is how to expand the ways visual 

information can be presented to the driver and, at the same time, increase safety in traffic. 



 Studies have shown that displays up front and within 15˚ of the line of sight, called Head-Up 

Displays (HUD), are optimal 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, Laakso, & Summala, 1999; Wittmann, Kiss, Gugg, Steffen, Fink, 

Pöppel et al., 2006). Even when visual attention is focused on onboard displays, road control can 

still be maintained when the distance of the display to the traffic scene is not too great (Wittmann 

et al., 2006). Although, if all information were to be placed high up in the traffic scene then a 

problem of cognitive overload could occur since too much information would be available at one 

place in one time. Therefore, the different placements used in today’s high-end automobiles (e.g. 

BMW 7-series) for warnings should be tested so that the driver can experience how warnings can 

be responded to in different traffic situations. 

 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 the HUD did help the driver to react more quickly to the 

vehicles warning systems (Wickens, Martin-Emerson, & Larish, 1993), but also did hinder the 

driver’s ability to correctly receive traffic scene 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 significantly decreases in relation to the distance from the line of sight and especially 

on the vertical plane. 

 As Advanced Driver Assistance Systems (ADAS) are becoming more common in 

automobiles it is crucial to optimize their potential, hence, “…both warning and control play an 

important role for safety enhancement…(an) effective warning has a potential of compensating 

for the known limitations of drivers and thus preventing road trauma”, (IHRA-ITS, 2008, p. 9). 

The interaction between drivers and driver information systems has to be as uncomplicated and 

fast as possible since the main task for the driver is to drive. Technology can enhance the ability 

of warning displays to attract people’s attention and facilitate warning noticeability (Wogalter & 

Leonard, 1999) and could also provide customized presentation according to the specific users’ 

needs (Essa, 1999; Kwahk, Williges, & Smith-Jackson, 2002). As stated in the IHRA-ITS work 

package (2008) “…no common policies exist at the moment for their design” (p.1) and it is 

therefore necessary to design human-machine interfaces that make easy and safe interactions 



possible (Roessger & Hoffmeister, 2003) and produce policies for manufactures that are more 

driver focused.  

Aim of study 

 This chapter investigates drivers’ perceptions of warning information and the placement of 

that information. First, to gain an understanding of peoples perceptions of the importance of the 

various warnings avaliable in vehicles, young drivers were asked to rate various warning 

information and state where they would prefer it to be placed in the automobile. Young drivers 

were chosen as study group since they were hypothesized not to have become too fixed in their 

ideas about automobile systems with the intent to find new ideas and conceptions about warnings. 

Secondly, the questionnaire results were tested in a driving simulator using eye-tracking, driving 

data, and physiological measures. 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 area(s) are more 

preferred for warnings? Are the subjective measures in agreement with the eye-tracking and 

driving data? Finally, a discussion of how warnings can be developed and their layout can be 

designed for future use is presented. 

 

Study 1 - Drivers Perceptions 

 

Method 

Participants 

 The respondents were college students from a broad group of programs attending a university 

in Luleå, Sweden. They were approached by their course leaders and all complied to participate 

in the study, which resulted in 142 respondents (28% females). Their average age was 22 for the 

females (SD= 3.595) and 22 for the males (SD= 6.792) and 81.0% (75% females and 83.3% 

males) had a driver’s license. The females had an average of 3.3 (3SD=.455) years of driving 

experience and males 3.6 (SD= 6.186).  

 

Materials 

 Results from consultation with automotive experts and researchers in design and engineering 

psychology produced a questionnaire focused on finding out the level of importance that different 



information presented to the driver had and what its preferred placement should be. For more 

details on the method see Tretten, Gärling, & Pettersson (2008). Each of the questions, 

concerning warnings, had an ISO standard warning icon and a text explaining the type of 

warning. Those rated from 1-3.9 were considered as not important, 4-4.9 moderately important, 

5-5.9 important, and those from 6-7 as very important (scale 1-7). A complementary question 

asked the subjects to choose, out of four placements, where they preferred that the warning in 

question should be placed (Figure 1). The choices were a head-up display (HUD) on the 

windshield, a head-down display (HDD) behind the steering wheel on the dashboard, an 

Infotainment area (IF) to the right of the steering wheel on the dashboard above the traditional 

placement of the radio and climate controls, or in the center-stack (CS), the area between the 

driver and the passenger, typically where the radio and climate controls are found (Figure 1). It 

was also stated that the respondents were to “Remember that information placed in the 

windshield (HUD) is transparent and would not impair your vision”. 

 

 

Figure 1. Different display positions for onboard information presentation. 

 

Results 

Data treatment 

 The warnings were split up and organized into four groups based upon their scores so that it 

would be easier to follow them in the text: Engine Operation, Support Systems, Driver 

Awareness, and Driver Error. Chi square tests were used for non-metric data analysis. To gain 

support for the groupings a Principal Component Analysis, with Varimax rotation was used. 

Anti-Image correlations and communalities were used to test the variables for sufficiency. 

Cronbach alpha was used to test for reliability.  

 



Warnings, perceived importance, and placement 

 Overall, the warnings were perceived as relatively important and the warning type Engine 

Operation was rated somewhat more important than Support Systems and Driver Awareness, 

which were rated as moderately important, while Driver Error was rated as not important. The 

respondents perceived the Vehicle Operation item low fuel level as the most important specific 

warning and the Driver Error motor stall as the least important specific warning (Table 1).  

 

 Table 1. Perceived importance of warnings (from 1 not important to 7 very important) and 

preferred placements. 

Type of warning Specific warning 

Mean 

Rating Placement (%) 

Engine Operation 

low fuel level 6.3 HDD  (71) 

high motor temperature 6.1 HDD  (58) 

low oil pressure 6.0 HDD  (64) 

    

Support Systems 

ABS failure 5.9 HDD  (58) 

parking brake engaged 5.3 HDD  (56) 

electrical failure 5.2 HDD  (48) 

charging system failure 5.2 HDD  (60) 

airbag not in function 5.0 HDD  (43) 

    

Driver Awareness 

service engine 4.5 HDD  (48) 

poor driving conditions 4.5 HDD  (40) 

low tire pressure 4.3 HDD  (52) 

door ajar 4.3 IF       (37) 

malfunctioning light 4.3 HDD  (48) 

low washer fluid 4.0 HDD  (68) 

    

Driver Error motor stall 2.9 HDD  (52) 

 

The items rated as being very important were classified as items important for Engine Operation 

and had directly to do with keeping the vehicle drivable: high motor temperature, low oil 

pressure, and low fuel level. Those considered as important were classified as Support Systems to 

the driver: ABS failure, parking brake engaged, electrical failure, charging system failure, and 

airbag not in function. The items rated as moderately important dealt with Driver Awareness: 



service engine, poor driving conditions, low tire pressure, door ajar, malfunctioning light, and 

low washer fluid and one item that was rated as not important, motor stall dealt with Driver Error. 

Of all the warnings, only door ajar was chosen to be placed in the IF instead of the HDD. 

Principal Component Analysis  

 Table 1 contains the 15 items concerning warnings presented and Table 2 shows the results of 

the Principal Component Analysis (PCA). Using Barlett’s test of Sphericity x2 (91)= 551.98, 

p=.000, 61% of the variance was explained by the four components. The analysis resulted in four 

components. Low fuel level, was removed due to low communality. The first component was 

rated as very important, with a strong internal correlation, the second and fourth factors as 

moderately important, while the third factor was rated as not important. The last three had a 

moderate internal correlation. Component 1 consisted of the specific warnings high motor 

temperature, charging system failure, ABS failure, airbag not in function, electrical failure, and 

low oil pressure and these items dealt with Serious Failures. Component 2 consisted of the 

specific warnings poor driving conditions, low tire pressure, and low washer fluid of which all 

dealt with items which Need Attention but are not necessarily unsafe to driving. Component 3 

consisted of the specific warnings motor stall, malfunctioning light, and service engine these 

concerned Service Items. Component 4 consisted of the specific warnings parking brake engaged 

and door ajar which concerned Reminders. 

 

Table 2. PCA of warnings and mean ratings for warnings and components (N =142). 

 

Component 1 Component  2 Component 3 Component 4 

Serious Failures  M Need Attention    M Service Items   M Reminders      M 

Motor temp. 6.1 Poor condition  4.5 Motor stall 2.9 Brake 5.3 

Charging system 5.2 Tire pressure 4.3 Malf. light 4.3 Door ajar 4.3 

ABS failure 5.9 Washer fluid 4.0 Service 4.5   

Airbag failure 5.0       

Electrical 5.2       

Oil pressure 6.0       

M  5.6   4.3   3.9   4.8 

Chronbach α .800  .533  .540  .492 

 

 



 The most basic needs for vehicle operation were in the first components and rated as the most 

important, therefore, an emphasis upon the vehicles traffic worthiness was taken by this study. 

The first component concerned Serious Failures, which dealt with the vehicle’s mechanical 

operation and the mechanical functionality of which the driver would be warned. The second 

component, Reminders, dealt with items that warn for things that could impair safe driving. 

Thirdly, Need Attention, concerned conditions that could impair driving if the driver does not 

notice them, and, finally, Service Items, concerned vehicle maintenance which could be taken 

care of after a drive and thus not of impending importance. 

 

Discussion 

 Warnings in general are of high importance since they are designed to communicate a specific 

message quickly to the driver and, in response, the driver would take proper action to the 

situation. Therefore, all the warnings were overall rated as important. The initial groupings of 

dealing with the engine’s operation, support systems, items needing driver awareness, and, 

finally, warnings for driver error is already in use in vehicles today. Those warning for important 

situations are grouped together as red colored icons and are symbolizing warnings that need 

immediate action while warnings concerning routine vehicle service are orange, which symbolize 

the need for a less immediate action. The warning low fuel level was removed as it was rated very 

important by all respondents’ and therefore, tended to fall into its own construct separate from the 

other warnings.  

 The PCA analysis showed that there are other ways warning layouts/groupings could be used 

in vehicles. The components perceived as most important for this study followed a clear pattern, 

by order of their mean scores. The Serious Failures component was rated as most important 

which could be explained as reasonable considering the severity of the mechanical damage that 

would occur if the driver did not take immediate preventive action. Reminders concerned items 

that notify the driver of conditions that are not serious but if not taken care of could lead to 

serious safety issues (e.g. a door opening during the drive since it was not properly closed). Need 

Attention concerned items that the driver needs to be aware of but must make a judgment on how 

to deal with it. It may not be serious at certain times while more serious in others. Service Items 

concerned items that could be taken care of at a time the driver judges appropriate, which could 

be immediately or in a month and driving is not necessarily affected by it. The respondents 



seemed to be satisfied with the traditional placements of warnings, with one exception, door ajar. 

This warning was placed in the IF and this choice of placement shows that the respondents 

probably perceived it as not being necessary information during the drive.  

 

Study 2 - Simulator Results 

Method 

Participants 

 Twenty four respondents with more than five years driving experience were asked to 

complete the experiment. Four respondents withdrew themselves and one respondent’s driving 

data was removed due to technical problems in measurement. The respondents were split into two 

groups; the Central and the Peripheral group. Half of them were randomly divided amongst the 

groups to those that drove the experimental block first and those who drove the baseline first. The 

average age of the Central was 41years (SD= 14.484) and of the Peripheral 35 (SD= 12.621), the 

average license age was 21 years (SD= 13.983) for the Central and 18 (SD= 12.492) for the 

Peripheral, the average distance driven per week for the Central and Peripheral groups was 151 

km (SD= 120.227) and 157 km (SD= 175.764), respectively. All respondents had either normal 

or corrected to normal vision. None of the respondents’ private vehicles were equipped with any 

type of HUD display. 

Driving 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 of road with no 

traffic. 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 in a rural area. The experimental route was exactly the 

same as the baseline but in the reverse direction. 

 The experiment was conducted in a high-fidelity fixed base simulator with four 

programmable digital displays (Figure 1), one of which, the CS, was a touch-screen. The HUD 

placement consisted of a 8” LCD screen placed from 12˚ to 15˚ below the line of sight in front of 

the driver, the HDD was a 12” LCD screen placed behind the steering wheel from 22˚ below the 

forward line of sight, the IF was an 8” LCD screen 30˚ to the right of the driver and 13˚ to 17˚ 



below the line of sight, and the CS consisted of a 12” touch-screen on edge placed from 30˚ to the 

right of the driver and from 30˚ below the line of sight. 

 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 in this study was set to 100ms (Horrey & 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 three rearview mirrors, the HUD, the 

HDD, the IF, and the CS displays. Each individual respondent was calibrated and the 3D model 

was adjusted accordingly. 

Procedure 

 The experiment consisted of warnings displayed in either a Central layout consisting of 

simultaneous warnings in the HUD and HDD locations (vehicle speed was also shown in both 

displays) or a Peripheral layout in which warnings were presented to the respondents randomly in 

the HUD, HDD, IF, and CS placements. For the latter, warnings were presented to the driver in 

the form of common automobile warnings consisting of a 15×15mm icon accompanied by a text 

(e.g. low washer fluid). There were ten generic warnings of similar complicity and length. 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 of having 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 response 

times to the warnings (via focal vision and the pressing of a button), their gaze patterns, speed, 

maneuverability, and subjective responses were measured. 

Questionnaire and Interview 

 After each of the blocks a questionnaire measuring the cognitive workload, Driving Activity 

Load Index (DALI) (Pauzié, Manzano, & Dapzol, 2007; Pauzié & Pachiaudi, 1997), was 

conducted. The DALI, based upon the NASA-TLX, is designed to evaluate the workload during 

the driving task, it measures the perceptual load, mental workload, and drivers state. These items 

are measured by the respondent rating visual demand, auditory demand, tactile demand, temporal 

demand, interference, attention demand, and situational stress on a six point scale which is from 

Low (0) to High (5). The respondents are asked to relate the given driving task to what they 

consider to be normal driving conditions. An interview containing questions concerning 



sociodemographics, driving and simulator experiences, and questions concerning how they 

experienced the display placements, was conducted at the end of the driving experiment. 

Questions were also asked concerning where they would prefer the placement of driver 

information, along with which placement they would prefer for warnings for serious failures, 

vehicle operation, service items, and miscellaneous reminders. 

Experimental Design 

 The experiment was a mixed within subjects, between groups design. All respondents 

completed both driving conditions and the two different display configurations, Central and 

Peripheral, were presented to one of the groups. This method was chosen so that the warning 

would appear in the exact same traffic environment for two different types of layouts.  If the 

same respondent completed both tests then they could possibly predict the traffic environment 

which would have reduced the quality of the experiment. For the Central group the warnings 

were displayed in the HUD and HDD every single time while for the Peripheral group the 

warnings appeared in this order of placement: IF, CS, HDD, IF, HUD, HDD, IF, HUD, HDD, 

and CS. These items were measured from the onset of every warning until it was reset: Mean 

Speed, Standard Deviation from Speed, Maximum Speed, Standard Deviation from Speed Limit, 

Standard Deviation from Lane Position, Number of Lane exceedences, Time to Notice, Glance 

Frequency, Total Glance Time, Glance Time away from traffic scene, and Time to Reset. All 

respondents were able to respond to the warnings before the next warning appeared and, thus, 

potential outlier data was kept whereas the Mann-Whitney U test was regarded as the most 

appropriate to use for this data. One respondent from the complex group needed to be removed 

because of missing driving data, although, the subjective data was reported. 

 

Results 

Driving Task 

 When the respondents were compared in the layouts (Table 3), the Peripheral group 

responded slower and with less accuracy to the measures. Significant differences were found 

between the Central and Peripheral groups, in that the Peripheral layout took longer Time to 

Notice U(19)= 21,000, p= .050, showed a greater Glance Frequency U(19)=7,500, p=.002, 

showed a greater Total Glance Time on the warning displays U(19)=19,000, p=.034, showed a 

greater Glance Time from Road U(19)=11,000, p=.006, showed a longer Time to Reset 



U(19)=16,000, p=.018, showed a greater Lane Position Deviation U(19)=17,000, p=.022, and a 

greater Speed Limit Deviation in the 70 zone U(19)=21,000, p=.050. 

 

Table 3. Central and Peripheral layouts effect on the driving task showed in mean scores. 

Test Central Peripheral 

Time to notice (sec.) 2.25 5.50*** 

Glance frequency 1.51 2.64* 

Total glance time (sec.) 0.75 1.18** 

Glance time from road (sec.) 1.69 4.09* 

Time to reset (sec.) 4.61 11.29** 

Lane Position Deviation (std dev) .325 .425** 

Speed Limit Deviation (km/h) 7.53 8.11*** 

* p< .01 **p< .05 ***p= .05 

 

 The Central group was given the option to read warnings from either the HUD or the HDD. 

Two of the respondents used the HDD first, tried the HUD once, and continued to use the HDD 

for the remaining warnings. These two respondents did not significantly differ from the other 

respondents. The remaining eight chose to use the HUD exclusively. 

 No specific correlation was found for the specific traffic conditions during each specific 

warning in relation to time spent noticing, reading, or responding to the warnings for within or 

between groups. Table 4 shows the display placements and response times for each measure. The 

Peripheral group did spend more time noticing, reading, and responding to certain warnings, 

however, the same warnings were not responded to in the same way. For the Time to Notice 

measure the Peripheral group noticed one warning, number 4 in the IF, quicker than did the 

Central group. The Time to Notice was quickest for the IF placement and then the HDD, HUD, 

and CS, respectively. For the Glance Frequency measure the IF placement received the fewest 

overall, followed by the HUD, HDD, and CS, respectively. The Total Glance Time was least for 

the Central group, followed by the Peripheral placements CS, IF, HUD, and HDD, respectively. 

Glance Time from Road was least for the Central group, followed by the IF, HUD, CS and HDD, 

respectively. Lastly, the Time to Reset was shortest for the Central Group, followed by the 

Peripheral placements IF, HUD, HDD, and CS, respectively. 

 



Table 4. Display position and placement in relation to time to notice, number of glances before 

reset, total glance time before reset, glance time from road before reset, and time to reset from 

onset of warning for each group and a total for the Peripheral group. 

 

 Central Peripheral 

 HUD/HDD HUD HDD IF CS Total 

Time to notice: 4.69 3.73 2.82 2.57 15.68 5.5 

Glance Frequency: 1.51 1.56 3.33 1.48 4.44 2.64 

Total glance time: 7.54 1.01 1.73 1.00 0.79 1.18 

Glance time from road: 1.69 2.47 6.15 2.12 5.61 4.10 

Time to reset: 4.61 7.49 14.61 5.76 18.22 11.29 

 

Driving Activity Load Index 

 Overall, Visual Demand, Auditory Demand, and Stress were rated higher in the experimental 

blocks than in the baseline blocks. No significant differences were found either within or between 

the Central and Peripheral groups. 

Likeability and Usability 

 The respondents rated how they liked the display layouts and how usable they perceived the 

placements to be for warnings while driving (Table 5). For the both groups the HUD display was 

perceived as most likable and most usable while the CS was perceived as the least likeable and 

usable for warnings. Within the Central group the HUD was rated as significantly better than the 

HDD for both likeability, t(9)=-3.943, p=.003 and usability t(9)=-4.000, p=.003. Concerning the 

Peripheral layout group the HUD was rated as being significantly more likeable and usable than 

HDD t(9)=-3.873, p=.004 and t(9)=-3.873, p=.004, HUD more usable than IF, t(9)=-3.545, 

p=.006, HUD more usable than CS, t(9)=-7.965, p=.000, HDD more usable than CS, t(9)=-

7.060, p=.000, and IF more usable than CS,  t(9)=-4.846, p=.001. 

 



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

  Likeability Usability Total 

Central 
HUD 1.3 1.0 1.2 

HDD 2.5 2.5 2.5 

     

Peripheral 

HUD 1.3 1.1 1.2 

HDD 2.1 2.2 2.1 

IF 2.5 2.6 2.5 

CS 4.4 4.4 4.4 

 

Respondents Choices of Information 

 The Central and Peripheral task groups chose HUD, overall, as the most preferred placement 

for warning presentation, the most preferred placement for serious failures, and the most 

preferred placement for vehicle operation warnings. Both groups chose service items and 

miscellaneous reminders to be placed in the HDD (Table 6).  

 

Table 6. Preferred presentation for types of warnings and percent of respondents. 

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 

 In this study the drivers’ ability to notice, glance time, and time to react was measured to see 

how quickly a driver could notice and respond to a warning in four common vehicle placements. 

All the respondents did not notice all the warnings even though the warnings were presented 

together with an icon and short text. The respondents were told to reset the warnings when they 

saw them and, therefore, in more demanding traffic conditions, some waited until the traffic 

situation became less demanding for them before allowing their attention to be moved from the 

traffic scene. This was true for both groups and would explain some of the longer response times 

(outliers). In two instances the respondents did not see the warning until a few minutes after its 



appearance, which occurred in the placements below 15°, the HDD and CS. Since the HUD was 

almost exclusively used by in the Central group, it then can be compared to the Peripheral 

placements. When the HUD was used they responded quicker, overall, and fewer “long” times 

were recorded, while the drive was straighter and the speed limit more accurate. Important 

conclusions are that, either additional senses need to be coupled in to attract the drivers’ attention 

quicker and/or the graphical presentation needs to be designed to grab the driver’s attention more. 

HUD and IF were noticed the quickest and the displays that were more than 15° below the 

forward line of sight took longer to notice and required several more looks, longer looks, 

increased time spent from road, and took longer time to respond to, which seems to agree with 

earlier driving research (Miura, 1990).  

 The drivers expressed that they wanted a clear separation and organization of the warning 

information being presented near to the traffic scene. This idea of separation also falls in line with 

Wickens and Hollands (2000). Overall, the respondents preferred the HUD to be used for 

warnings of great importance like serious failures and vehicle operation, while warnings of lesser 

importance (e.g. service items and miscellaneous warnings) were chosen to be displayed in the 

HDD. While both the HDD and IF locations were rated as being equally likeable and usable, 

having to notice warnings in the IF was considered unfamiliar. Although the HDD was preferred 

over the IF, the respondents did not perform better with the HDD. Wittmann et al. (2006) found 

that display locations, equivalent to the HUD and IF layouts used in this study were easier to 

notice and better for conducting tasks while driving. The respondents did prefer the HUD 

placement strongly over the IF and the HDD placements. Since the respondents did express that 

they wanted a clear separation of information, not just locally in a specific display but, globally 

within the automobile. Taking into consideration pervious research (Wickens & Hollands, 2000) 

the IF would be a viable location to place warnings that could be used in the drive since the 

respondents did not need to rotate their heads from the traffic scene to notice warnings there since 

they were able to monitor the traffic scene with their peripheral vision. 

 It is known that average drivers are underrepresented in crash statistics and the more extreme 

and unusual behaviors are overrepresented, thus, they should be studied to see how these 

behaviors can be reduced (Horrey & Wickens, 2007). In this study the response times show two 

important things: firstly, that the respondents chose to focus on the traffic scene and not on in-

vehicle information and, secondly, the warnings and two of the display positions were not 



effective in attracting all their attention. It is also possible that the delayed reaction times could 

partially be a result of a higher cognitive load, but that was not confirmable. The HDD was 

difficult to use and this may have been due to the fact that respondents needed to look down, 

which may have been complicated by the other information found there (e.g. speedometer, 

odometer, fuel gage, and motor temperature). Even though the respondents did not show a high 

cognitive load in the DALI, or state that the driving test was difficult, their increased glance times 

showed a significant difference between placements and driving performance. 

 Even though the CS was far from the traffic scene it was perceived to be appropriate for 

controls and information that are not directly related to driving in that the driver could choose 

whether or not to use them while driving. An individual driver is most likely to be more 

comfortable using their own vehicle’s IF and feel safe doing it but this study shows that 

performance was negatively affected by information in the IF and restraint is recommended. 

 

General Discussion 

 There are no international standards for automobile warnings and this is a point of confusion. 

The automobile safety organizations do realize that different markets and different cultures do 

interpret symbols and colors differently and, thus, are hesitant to make broadly encompassing 

regulation (IHRA-ITS, 2008). Another area concerning the use of warnings, which is also 

relevant, is the way they are presented. This study does not propose to add more driver 

distractions by scattering warnings and driver information throughout the entire vehicle 

environment, but, instead, recommends new ways to help improve the overall design of the 

vehicle driving environment. Since new technologies are being implemented at an ever increasing 

rate and in order to reduce the possibility for confusion and cognitive overload brought on by 

these new systems, new possibilities of warning presentations need to be studied which can add 

to the knowledge for warning presentation location. This would also support the vehicle 

regulation authorities in their decisions for guidelines to new Advanced Vehicle Technologies 

(AVT). 

 The HUD and the IF could be applicable for AVT warnings in that they could attract a 

quicker response from the driver and this area could be developed. Firstly, a greater separation of 

information so that the individual could better understand the imminence of importance by the 

presentation location, there warnings closest to the traffic scene are most important and items 



further away would be of lesser importance. Secondly, displayed warnings should be restricted in 

that they are to be shown only under relevant driving conditions. Finally, in order to reduce the 

amount of information presented in one specific area should the possibilities of allowing driver’s 

to personalize some types of warning information by choosing what is important to them and 

where it could be presented in the vehicle. This would be similar to the way computer users can 

choose which icons they want to be displayed on the screen or start menu for quicker access. 

 Since the advancement of AVT’s are creating new opportunities for both safety and 

entertainment, design should also consider the way drivers can be a part of the driving process. 

This could be done by including a system that is adaptive to the driver and the drivers’ behavior 

based upon their responses to visual indicators. Through that the vehicle’s systems could be able 

to predict, and help to improve, the drivers’ performance by reducing the cognitive load in the 

vehicle by reducing unnecessary driver information and assisting the driver to make correct 

decisions so that they could quickly respond to warnings of traffic hazards. 
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