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“According to motor manufacturers, safety, efficiency, and enjoyment are the 

fundamental drivers behind the implementation of computing and technology in 

vehicles. From this perspective, computing is applied to reducing accidents, 

increasing the efficiency with which drivers can use their vehicles and the road 

network, and endowing cars with qualities and features that make them enjoyable 

to use” (Walker, Stanton, & Young, 2001, pp. 204-205) 
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Preface 
 

This Doctorial thesis in Industrial Design focusing on present day 
transportation research was performed within the Optimized system 
Integration for safe Interaction In Vehicles (OPTIVe) project and partially 
financed by the Swedish Intelligent Vehicle Safety System (IVSS) research 
foundation and the Swedish Road Administration.  
 
The issues of safety in transportation for the most part have focused on the 
roadway and the vehicle body. But transportation is more than that. The 
human is also an important part in the transportation process. Many of the real 
issues lie in the human factors area like cognitive workload and driver 
distraction and in what way vehicles can be designed to promote, or not, a 
safe driving environment.  
 
This thesis has been written with the hope that the layout, the theoretical 
introduction, and the language are understandable to readers from many 
different disciplines. Therefore, it would be pertinent to start with a general 
introduction of the distraction risks involved in vehicle operation before 
delving into the theories and empirical studies of cognitive workload, 
information processing theory, skill risk knowledge taxonomy, design 
aspects, design prototypes, and ending with a general discussion and 
conclusions. 
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Abstract 
 
The number of automobiles worldwide increases every year adding to highly 
trafficked roadways. Visual demands placed on the drivers also increase due 
to the number of in-vehicle systems being added. The automobile has become 
a new type of communication platform and many forms of communication, 
from radio, nomadic devices, telephone, Internet, to TV and social media, 
surround the vehicle occupants. Since the driving task is highly visual and 
drivers have limited visual cognitive resources, too much or improperly 
presented information can hinder drivers in monitoring the traffic scene and 
even noticing their own vehicles safety systems. Therefore, in this thesis 
knowledge on driver’s perceptions of driver information and its placement in 
the vehicle are sought and recommendations to improve driving satisfaction 
and safety are presented with a focus upon the Head-Up Display. This thesis 
used qualitative and quantitative research methods in studying four different 
display areas, the Head-Up Display (HUD), the Head-Down Display (HDD), 
the High-up Center-Stack (HCS), and the Center-Stack (CS). Three studies 
were conducted, a questionnaire, a driving simulator study, and an on-road 
study. The main results of the studies show that three markets, China, 
Sweden, and US, with 167, 142, and 89 participants, respectively, chose 
display locations similar to well-known vehicles in their respective markets, 
but for crash prevention the Swedish and US markets preferred the HUD and 
the Chinese the HCS. The Chinese placed high importance on safety and the 
US on items of safety and operation. A total of thirty-eight participated in the 
driving simulator study, which was conducted to test performance with simple 
and complex task. The HUD was noticed quickest and the HDD and CS were 
missed the most often in the complex task and, overall, the HUD was 
preferred for serious failures and vehicle operation. In the on-road study 40 
participants tested using a HUD during three 24-hour days. The HUD was 
rated as the most preferable display location and it was to be located about 5° 
below the drivers line of sight. The conclusions are that driver information 
should be grouped according to how critical it is to the drive and the most 
critical information is to be located in the HUD. Moreover, all driving 
information should be displayed closer to the traffic scene than it is today, the 
HUD should display speed information in an analog way, and fourthly, the 
HUD was found to be an attractive solution in vehicles, and, the use of 
redundant information seems not to be necessary.  
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Abbreviations 
 
ADAS –  Advanced Driver Assistance System 
ANOVA –  Analysis of Variance 
CS –   Center-Stack Display 
DALI –  Driving Activity Load Index 
GAD –  Global Attention Demand 
HCS –  High-up Center-Stack 
HDD –  Head-Down Display 
HUD –  Head-Up Display 
IVIS –  In-Vehicle Information Systems 
IVT –  In-Vehicle Technologies (includes both ADAS and IVIS) 
LCD –  Liquid Crystal Display 
US –   United States of America 
ISO –  International Organization for Standardization 
 
 
  



Definitions 
Affordance – The actionable properties between the world and an actor. 

Auditory demand – Auditory demand during the test required to achieve the 
whole activity. 

Cognitive load – The amount of mental activity required to accomplish a 
goal. 

Cultural values – Shared beliefs, desirable end states, or behaviors that 
transcend specific situations and help guide selection or evaluation 
of behavior. 

Design – Making things better for people. 

Fixation – When the gaze is directed towards a particular location and 
remains there for some period of time. 

Fixations – Number of times a person looks at a specific display. 

Glance – All consecutive fixations on a target plus the proceeding transitions. 

Global attention demand – Mental (to think about, to decide…), visual, and 
auditory demand required during the test to achieve the whole 
activity. 

Interference – Disturbance of the driver’s state and consequences on the 
driving activity, when conducting the driving activity 
simultaneously with any other supplementary task. 

Line of sight – The main area of focus straightforward where the driver 
looks, when navigating in normal traffic. 

Mean speed – The vehicles mean speed during each task. 

Nomadic devices – Portable communication devices, e.g. mobile phone, 
navigator, MP3 player, video player, etc. 

Prototype – A model of a product or process that is used to communicate a 
design with the intention to further develop the product or process. 

Prototyping – The creation of simple, incomplete models or mockups of a 
design. 

Reaction time – The time it takes to react to an occurrence. 



Saccades – Abrupt eye movements from one location to another.  

Standard deviation of lane position – The standard deviation a driver is 
from the center of lane. 

Stress – When the perceived demand exceeds a persons resources, resulting 
in undesirable outcomes. 

Tactile demand – Specific constraints induced by vibrations during the test. 

Task completion time – Total time it takes to complete the task, from onset 
to completed. 

Temporal demand – Pressure and specific constraint felt due to timing 
demand when running the whole activity. 

Time off road scene – Time spent looking away from the traffic scene when 
completing a task. 

Time to notice – Time from message onset until the gaze fixates on the 
display. (This differs from the ISO recommendation, which states 
that it should be measured until the last fixation before fixation on 
target). 

Total fixation time – The total time spent fixating on the specific position, 
including saccades within the target area. 

Traffic scene – The traffic environment that the driver needs to attend to 
maintain safe travel. 

Visual demand – Visual demand required during the test to achieve the 
whole activity. 
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1.1 Driving Concerns 
Motor vehicles are no longer used for transportation purposes only. Initially the 
need to transport people and products spurned the demand for new transportation 
methods, from walking to riding animals, to being pulled in wagons, to powered 
vehicles, to airplanes, and even space travel, which all have led to more 
sophisticated methods in transportation. To understand the automobiles role one 
must understand that automobiles are a part of humanity, they have become an 
integral part of many cultures (Featherstone, 2004). Continually, man is looking to 
improve his environment and with motor vehicles many advances have been made 
in the recent years, which allow for greater comfort and safety. An example of this 
is that about fifty years ago motor vehicles only had a speedometer and a few other 
gauges and today there can be over a 100 different sources of information 
(Gartman, 2004).  
 
A few decades ago entertainment systems became commonplace along with more 
gauges, then more warnings to make sure that the driver would not miss necessary 
information the gauges could warn for. Since the 80’s the number of accessories 
and in-vehicle systems have increased significantly. Many are designed to increase 
the drivers’ comfort and assist them, while others are used for mainly aesthetic 
purposes (Gartman, 2004). Today nomadic devices, navigation, and Internet based 
applications have taken a greater role in the automobile. Active safety systems with 
their warnings and displays have also been added to the driving environment, with 
the purpose of increasing traffic safety (Bishop, 2005), and this trend does not seem 
to be slowing down. Much of this comes from technology driven design where 
manufacturers seek to implement new functions, which can help them sell more 
new vehicles. Therefore, the need for user-based design in automobile 
environments is of utmost importance. 
 
Along with that the number of automobiles worldwide increases every year, which 
leads to more traffic and, along with that, the visual demands placed on the drivers 
are also increasing due to the number of in-vehicle systems being added, e.g. 
multimedia, navigation, safety systems, crash prevention systems, etc. (Bishop, 
2005). Drivers themselves are also even adding to that number by taking with them 
nomadic devices for navigation, music, telephone calls, and Internet access. The 
automobile has become a new type of communication platform where the 
occupants are surrounded by many different communication channels (Laurier, 
2004). People use their time in the vehicle to conduct other activities while driving. 
These are a potential distraction hazard. Traffic safety data shows that collisions 
occur frequently while conducting secondary tasks while driving. Even though 
many of these items and systems are intended to increase the drivers’ comfort, 
there may be a conflict since this driver information may impose on safety and 
comfort by distracting the drivers (Lee, 2008). 
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Since the driving task is highly visual (Peacock & Karwowski, 1993; Schieber, 
1994; Sivak, 1996) and drivers have limited visual cognitive resources. They can 
be hindered monitoring all these additional systems, while trying to keep their full 
attention on the traffic scene. As Wierwille (1993) described, a driver has only one 
foveal visual resource, which can only gather detailed information from a single 
source. Traffic safety studies have shown that there are many information sources 
that can lead to safety risks while driving, e.g. telephones (Alm & Nilsson, 1995; 
Horrey & Wickens, 2006), text messages (Drews, Yazdani, Godfrey, Cooper, & 
Strayer, 2009), and Internet. A driver can also be confronted with confusing service 
interval notices, when it is least relevant to the drive. 
 
Since the modern automobile is becoming more and more complex, vehicle system 
designers need to learn more about, and gain a greater understanding of, the 
complexity of the driving task and in what way the automobile systems should 
work together with the driver. A poorly designed, or an overly sensitive system, 
can increase the drivers’ risk to be distracted, therefore, “a very good understanding 
of the driver’s psychology and behavioral habits is essential” (Vahidi & 
Eskandarian, 2003, p. 148). Driving demands high visual attention (Peacock & 
Karwowski, 1993; Schieber, 1994) and the task of driving requires functioning 
perceptual, cognitive, and motor skills in order to perform adequately. This is a 
need that must be fulfilled so that vehicles and their information systems can be 
more human-centered (Bishop, 2005). This includes taking into consideration how 
visual attention is conducted, the level of cognitive load a driver faces, and how it 
should be maintained for safe driving since driving includes both primary and 
secondary tasks.  
 
Information presented to the driver, from the vehicle, is found in the three common 
locations Head-Down Display (HDD), High-up Center-stack Display (HCS), and 
Center-stack Display (CS). The HDD, which is located in front of the driver behind 
the steering wheel, where the speedometer, gauges, and warnings are located in 
most vehicles. The HCS display is located high up on the dashboard to the center of 
the vehicle, however, not many items are found there but they can vary from a 
clock to more advanced displays presenting navigation and other advanced vehicle 
functions. The CS is located, on or below, the dashboard between the driver and the 
front passenger, where the radio, multimedia, and climate controls traditionally are 
located. A fourth option, which is not common, is the Head-Up Display (HUD), 
which most often shows speed information, motor status items, and some warnings. 
A HUD is defined as a “virtual-image display in which the symbology typically 
appears to be located at some distance beyond the cockpit, cab, or workstation” 
(Weintraub & Ensing, 1992, p. 1). For automobiles the HUD should be located near 
to the drivers line of sight when looking forward at the traffic scene, roughly 5° to 
15° below the drivers line of sight (Green, 2007). 
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The HUD was first mentioned in an article published by Fitts in 1946 dealing with 
the human factors issues of how information should be grouped in displays. 
Originally, the HUD was developed for military aircraft, implemented first in the 
Hawker-Siddeley Buccanneer in 1960, providing navigation and weapon 
information and since the 1980’s commercial aircraft have used HUD’s for 
navigation purposes. By the late 80’s, a 1988 Cutlass Supreme was the first 
automobile with a HUD installed (Figure 1.1), but they have not met widespread 
popularity for several reasons. One is that the safety advantages have not been 
shown to be conclusive (Tufano, 1997), however, many studies since then have 
also shown benefits of the HUDs (Wittmann, Kiss, Gugg, Steffen, Fink, Pöppel, et 
al., 2006). The largest problem may be that the HUDs are not popular amongst 
drivers and, thus, do not sell well (Gish, Staplin, Stewart, & Perel, 1999). 
 

 
 
Figure 1.1. Picture of a simple automobile HUD similar to the 1988 Cutlass 
Supreme (Toyota.com, n. d.). 
 
The lack of interest in HUDs might have been based upon ignorance of what a 
HUD is. Before 2003 only a few vehicle models had a HUD and, yet, the HUD had 
been in use over 15 years. Within the last few years several manufacturers have 
begun to make the HUD available, e.g., Audi, BMW, Citroën, General Motors, 
Nissan, Toyota, and SAAB. Peugeot (2010) has a HUD solution (Figure 1.2) that 
differs from the others in that the image is projected on an adjustable glass plate 
placed in front of the windshield with the image located within the vehicle. In 2001 
Chevrolet Corvette was the first automobile to use a full-color HUD and in 2003 
BMW was the first European manufacturer to implement a HUD in their 
automobiles. Two vehicles, Cadillac and Lexus, project a night vision image on the 
windscreen, which shows a picture of possible objects in front of the vehicle up to 
500 meters (Martinelli & Boulanger, 2000) (Figure 1.3).  
 
 
 



 6 

 
 

Figure 1.2. HUD system in 2010 Peugeot 3008 (Peugeot, 2010). 
 
 

 
 
Figure 1.3. A night view system (Siemens VDO, n. d.). 
 
Modern luxury vehicles use more advanced HUDs, but the manufacturing costs 
seem to limit their widespread implementation. Possibly a more reasonably priced 
and practical full color HUDs will take the HUD out of the luxury segment 
(Siemens develops, 2006). Warning systems are being implemented in the HUD 
location, e.g. forward collision warning and darkness assistance (Lind, 2007), but 
these systems are redundant to what is shown in the HDD (Figure 1.4).  
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Figure 1.4. BMW instrument panel with warning systems in the HUD and HCS 
(BMWblogg.com, 2010). 
 
The concept of full windscreen displays (Figure 1.5) was tested for usefulness (Wu, 
Blaicher, Yang, Seder, & Cui, 2009) and Charissis, Papanastasiou, and Valchos 
(2009) completed driving simulator tests using the whole windshield to test 
augmented early notification warnings. A 3D image was also tested for HUD usage 
(Sigeru, Akinori, Noboru, & Toyohiko, 2003). Showing that new methods and 
presentation locations solutions are being sought after for improving driver 
performance.  
 

 
 
Figure 1.5. GM full windscreen HUD with augmented road markers and sign 
detection support (GM reimagines, 2010). 
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As described previously, due to the technological advances in display technology 
and vehicle systems the placement of information and its presentation are no longer 
physically limited to a specific location in the instrument panel. Instead of physical 
gauges a multicolor digital display can present more information and several 
different types of information in the same area opening up new design solutions. 
However, if too much information is presented to the driver simultaneously, called 
visual clutter (Figure 1.6) has been shown to cause a high cognitive load (Horrey & 
Wickens, 2004). It is also known that displays used to present visual information to 
the driver are more effective and less likely to be a distraction when the display is 
closer to the traffic scene (Wittmann et al., 2006).  
 

 
 
Figure 1.6. The possibilities of a HUD producing visual clutter (Photo: Erik 
Pawassar). 
 

1.2 Factors for Display Design 
The displays in vehicles present information that, in many cases, is used for 
safe vehicle navigation, such as, critical driver information like warnings, 
speed, fuel level, and motor temperature. Although items like the radio and 
climate control are not directly considered as necessary, they can play an 
important role in reducing the risk for tiredness and boredom which can result 
from being too hot, too cold, or too little stimulated (Hancock & Caird, 1993), 
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which can be just as hazardous as being distracted from the task. In the same 
way the mobile information technology people use while in the vehicle, to 
tune into the world (Sheller, 2004), can be also used to help reduce distraction 
levels. Sheller (2004) also states that automobile manufacture marketing 
departments try to make the vehicles seem to be a “smart-car”, designed to 
give an intelligent environment that provides enhanced safety and 
entertainment functions, thus giving customers a sense of protection, security, 
and safety when driving, and helping them meet feelings of insecurity. 
 
Visual clutter can be a cause for distraction. Therefore, the design of a display 
and its layout should be carefully developed and focus upon the driver’s 
capabilities. Earlier research has shown that a HUD, in relation to HDD, help 
decrease visual scanning (Liu & Wen, 2004), but the benefits can be reduced 
under conditions of high workload (Gish & Staplin, 1995). Wickens and 
Hollands (2000) and Fitts (1946) posit that if the workload increases and the 
drivers’ visual scanning becomes erratic then a better organization of driver 
information will help reduce the degrading effect of stress. Another note of 
importance is that the information, and how it is presented, needs be to easily 
understood and directly related to the task, or the responses, that are to be 
completed (Wickens & Hollands, 2000). According to Blanco et al. (2006) “a 
gap exists in the literature; empirical testing is needed to define how much 
information is too much while driving as well as what types of decisions 
could be performed while still driving safely” (p. 896). This leads to the 
initial questions of what types of driver information are relevant in traffic, 
where should they be placed, and how it should be presented to reduce 
distraction levels.  
 
As earlier research has shown there is no clear difference between the HUD 
and 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 vehicle’s warning systems (Wickens, Martin-
Emerson, & Larish, 1993), but also to 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. There is a need for more 
knowledge of driver’s performance, when responding to information 
presented to them from different locations in the vehicle.  
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Various systems available in modern automobiles present information to the 
driver and these contain warnings, messages, entertainment information, 
directional guidance, etc. and all demand a certain amount of workload to 
respond to. As Schlegel (1993) stated, workload that is too excessive, too low, 
or that rapidly and unexpectedly changes encourage driver error and, 
depending on the situation, in an accident. These problems can occur in 
automobiles as a result of safety systems like In-Vehicle Technologies (IVT), 
e.g. Intelligent Vehicle Information Systems (IVIS) and Advanced Driver 
Assistance Systems (ADAS), which are designed to help the driver perform 
better while operating the vehicle. Examples of these can include navigation, 
multimedia, Adaptive Cruise Control (ACC), obstacle detection, etc. While 
designed to improve driver safety and the driver’s confidence incongruences 
can arise reducing the driver’s ability to read, understand, or respond to the 
information presented to them (Bishop, 2005).  
 
These safety systems, when improperly used in traffic, can lead to a greater 
focus on the function itself than on the traffic. When too much, or improperly, 
presented information is not correctly recognized by the driver, errors do 
occur, especially, when the information is an obstacle warning. These systems 
can promote a false sense of security, which can lead to an over-trust in the 
system so the driver becomes overconfident and too relaxed. If having too 
low cognitive workload the driver cannot react quickly enough to unexpected 
traffic situations and in some cases totally miss them. Rapid and unexpected 
changes of information, which can result from too much information or 
simple messages and warnings that unexpectedly light up and/or are 
interpreted incorrectly can cause confusion and an increased workload, thus, 
also distracting the driver from the traffic scene. Hence, all these together 
show that cognitive workload, driver distraction, and traffic safety are 
intrinsically intertwined in vehicle operation (Patten, 2007) and according to 
Bishop (2005, p. 1) “Driver error is the main cause of the vast majority of 
crashes, with roughly half of these instances due to delays in recognition”. 
Although driving often leaves drivers with spare attentional capacity, this 
capacity can be severely limited relative to the periodically intense demands 
of driving (Moray, 1990; Senders, Kristofferson, Levison, Dietrich, & Ward, 
1967). Even a simple tracking task can interfere with sign detection (Noble & 
Sanders, 1980) and relatively brief glances away from the road can increase 
brake reaction time (Zhang, Smith, & Witt, 2006) and crash risk (Klauer, 
Dingus, Neale, Sudweeks, & Ramsey, 2006). 
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An example of this could be taken from a recent experience. A friend, while 
driving to a location that he did not usually travel was talking on the mobile 
phone planning a dinner activity. At this time, both tasks, the telephone 
conversation and the driving task demanded a higher level of attention and 
concentration than what he was normally used to. What probably happened is 
that he/she experienced a higher than normal attentional and cognitive 
demand, which limited his thought processes and for some reason, in the 
middle of the drive, he turned around and drove home. There he parked the 
vehicle, turned it off, helped the passengers out, entered the house and 
finished the telephone conversation before realizing the mistake. This is an 
example of a conversation that demanded too much attention and, hence, 
affected the cognitive ability to continue focusing upon the goal. Driving 
safely was most likely of high importance, followed by the conversation, but 
the limited cognitive resources did not allow for full attention upon the task of 
navigation and goal completion. Thus, the goal to travel to a specific location 
was given lesser importance and the goal was never achieved as intended. An 
example of this relationship is shown in Figure 1.7. 
 
 

 
 
Figure 1.7. Relationship between resources demanded, reserve capacity, and 
primary task performance (Wickens & Hollands, 2000). 
 
Michael Goodman of the NHTSA (cited in Ashley, 2001, p. 53) says that at 
least “25 percent of (all) fatal crashes are distraction related”. A distraction 
can be caused by things within and outside the vehicle (Horberry, Anderson, 
Regan, Triggs, & Brown, 2006), e.g. appealing roadside advertisements, 
mobile phones, and even the radio or the CD player can lure the drivers’ focus 
from the traffic situation (Stutts, Reinfurt, Staplin, & Rodgman, 2001). What 

Primary task performanceMaximum

Reserve
capacity

Resources demanded

Resources
suppliedResource

supply
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happens is that the drivers’ attention, originally focused on the task of driving, 
attends to something else. In vehicles of today are both IVIS and ADAS used 
to help prevent accidents by both guiding the drivers and alerting them of 
possible hazards. These can be effective, but problems have arisen from 
ADAS systems, e.g. Adaptive Cruise Control (ACC), allowing drivers to 
operate with smaller margins and being less focused on the roadway, thus, 
they end up taking more chances (Hoedemaeker & Brookhuis, 1998). The 
immediate problem is not the IVIS or ADAS or even the mobile phones 
themselves, but instead it is the driver’s relation to them while driving in 
traffic makes it difficult for people to stop using them (Sheller, 2004). 
Therefore, understanding drivers’ perception, and awareness, of distraction 
effects may help drivers better manage the engagement and disengagement of 
in-vehicle activities. With the inception of these systems have different 
display locations been tested to show their status and warnings. These 
problems have led to an increased concern for traffic safety. Kopits and 
Cropper (2005) report that traffic accidents are expected to increase globally 
by 60% from 2000 to 2020. Traffic fatalities are a worldwide problem as 
shown by the World Heath Organizations (WHO, 2008). Hence, 
manufacturers are trying to build economical vehicles that at the same time 
are safer than previous models. Vehicle safety standards are regulated by 
governmental organizations, but that does not always solve all safety issue 
problems. 
 
Another problem facing the automobile manufacturers today, when trying to 
develop products for several different markets, is an understanding of the 
specific market’s cultural characteristics. The purpose of design is to make 
things better for people and when taking into consideration different markets 
and people with different backgrounds a designer can learn about their 
different understandings of things. Even though the human is in the center of 
a culture the automobile also plays as large roll in defining the culture. 
Garthman (2004) shows what the defining characteristics that attracted 
vehicle buyers changed based upon cultural characteristics. The failure to take 
that into consideration has been the account for many failures. As Ricks 
(1993) states what works in one market may not work in another leading to 
that products demise. The automobile market is an international market, thus, 
it is important for automobile manufacturers to gain a good understanding of 
the pertinent sales markets when designing and building automobiles for 
those. What is common and acceptable in the US may differ from what is 
common and acceptable in Canada, an adjoining country.  
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The social structure, traditions, and even the availability of automobiles in 
different markets affect the way individuals perceive the automobile and their 
usage. Due to this, different designs have been used in different markets and 
an example of this is the 2008 Honda Civic. In the American version, the 
instrument panel has softer forms and more rounded lines and the controls 
and displays are more conservatively located as opposed to the European 
version, which has a much more aggressive design and more information is 
located somewhat higher up (Honda Cars, n.d.; Honda Civic, n.d.) (Figure 
1.8). More specifically, the large multimedia screen located in the center of 
the dashboard is lower and a touchscreen in the US version, while in the 
European version it is higher up and remote controlled.  
 

 
 

 
 

Figure 1.8. The 2008 Honda Civic for USA (Honda Civic, n.d.) and European 
(Honda Cars, n. d.) markets show distinct differences in the location of the 
navigation displays. 
 
Specific automobiles’ markets may include more than a single country, or 
culture, and since cultural norms and beliefs are powerful forces in shaping 
people’s perceptions, dispositions, and behaviors this aspect has become of 
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even more important (Markus & Kitayama, 1991). People seek vehicles to 
express and/or compliment their individuality, e.g. sports-utility vehicles, 
environmentally friendly cars, elegant vehicles, multi-purpose vehicles, and 
hybrid cars. People see and express themselves through the car (Sheller, 
2004). 
 

1.3 Earlier Solutions 
The problem, in many ways, is that drivers are being confronted with too 
much information at the wrong time and possibly the wrong information in 
the wrong place. Since the 1980’s vehicle manufacturers have been looking 
for different solutions to present greater amounts of information to the driver 
(Bishop, 2005). The placements being used are typically the HDD, HCS, CS, 
and with a few exceptions the HUD. Different vehicle manufacturers have 
experimented with other placements, for example, in the middle of the 
dashboard just below the windshield, which are higher up and closer to the 
line of sight (Figure 1.9) and even attempts are being made to test the steering 
wheel as a display location for warnings (Watson, Cech, & Eßers, 2010).  
 

 
 
Figure 1.9. The 2010 Toyota Prius has the main instrumentation in a high-up 
HDD configuration (Toyota Prius, n.d.). 
 
Some have chosen to split up information presentation to separate locations, 
while others have chosen to concentrate information in the HDD area. In 
some cases even the radio, CD, Mp3 player, etc. have been moved to the 
HDD, an area that is typically used for General Driver Information (GDI). 
Menus presenting more detailed vehicle information and driver helps are also 
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typically found in the HDD today. Automobile manufacturers, who choose to 
use HCS and CS displays for varied information sources, have spread out the 
amount of data presented to the driver over a greater area. A result of that is 
that primary and secondary tasks are separated from each other, which may be 
good, but it also places greater requirements on the driver’s visual scanning. 
The more recent trend has been to raise the information located in the CS up 
so that it is closer to the HCS location and most important of all, the traffic 
scene. The most common types of vehicles sold might represent how 
information can be used, for example, the most sold automobile in the United 
States in 10 of the last 11 years is the Toyota Camry (Muller, 2010) (Figure 
1.10).  
 

 
 
Figure 1.10. 2011 Toyota Camry instrument panel (Toyota Camry, n.d.). 
 
What needs to be done is to further develop the driving environment so that it 
helps produce a safer driver. Bødker and Buur (2002) state that it is probably 
more important to find solutions based upon the user’s needs, than try to get 
the users to adapt them. For this to happen one must consider how the 
participants fit into the larger social system and then learn what drivers 
respond to as a user (Dishman, 2003). Aaker and Maheswaran (1997) showed 
that there is a need for cross-cultural studies in order to understand the 
processes in which cultural differences affect attitudes and behavioral actions. 
Cultural factors need to be understood by studying the local customs and their 
social norms to find out what needs are to be focused on, as well as, how 
products should be introduced into the market (Leach & Liu, 1998).  
 
One problem is that “typical” users have difficulty articulating their needs, 
therefore, to reach the actual user needs one must go beyond the empirical. 
This is where the importance of design methods and the designer’s role come 
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in the development process. Designers use human-centered research methods 
and practices to investigate and help their task to shape and develop good 
design (Laurel, 2003). Designers are to develop situations there the users can 
help the design process (Bødker & Buur, 2002). Laurel (2003) states that 
users, in general, cannot express what they want and they cannot develop or 
design something they themselves will buy.  
 

1.4 Purpose and Research Questions 
The purpose of this thesis is to study the way information is presented to 
drivers in motor vehicles. It will take into consideration the display layouts 
found today, Head-Up Display (HUD), Head-Down Display (HDD), High-up 
Center-Stack HCS), and Center-Stack (CS). Bsed upon earlier work 
concerning the driver’s use of information presented from these locations 
seek to understand the safety issues behind the tasks that can be conducted by 
the driver. The main research questions are as follows: 

1. In what way can the conceptual (questionnaire), simulated (driving 
simulator), and realistic setting (on-road test) be used to validate the 
driver’s perceptions of driver information and its placement? 

2. In what way would the addition of a HUD improve driving satisfaction 
and safety? 

3. Based upon the results from the questionnaire, driving simulator study, 
and the on-road study, what can these add to the general knowledge 
concerning driver information and HUD’s? 

4. What recommendations can be made concerning further development of 
in-vehicle displays? 
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2.1 Research Approach 
“Research is a discerning pursuit of the truth. Those who do research are 
looking for answers” (Hair Jr., Money, Samouel, & Page, 2007, p. 4). In 
defining the research problem one chooses methods that will be used in 
searching for answers and those methods often define how the answers will 
be interpreted. The general research process for this thesis contains three 
phases as shown in Figure 2.1.  
 

 
 
Figure 2.1. The basic research process (Hair Jr. et al., 2007) 

This process first begins with the decision making process which starts with 
the type of problem that is to be studied. When that is decided Phase 1 begins, 
consisting of formulation, here the need is established, the problem is defined, 
a review of pertinent literature is conducted, and the objectives are developed. 
Phase 2 is the execution phase where empirical research is executed, sampling 
methods are confirmed, data collection forms are designed, and data is 
collected, analyzed, and stored. In Phase 3 analytical work is conducted, this 
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includes data analysis, interpretation of data, the identification of limitations, 
and the reporting of results.  
 
According to Yin (1997), a case study is well fitted for exploratory, 
descriptive, or explanatory research and this method was used to find out the 
“how” or “why” necessary to define the research problem. This was in this 
thesis conducted in conjunction with experts in the field of automotive safety, 
experts in human factors, and college students with the purpose of studying 
multiple sources as to triangulate the results and, thus, maintain a high level 
of rigor. 
 
In this thesis both quantitative and qualitative methods were conducted to 
obtain data. The difference between the two methods is that quantitative 
approaches involve collecting numerical data about beliefs, opinions, 
attitudes, behaviors, lifestyles as well as general characteristics and 
background information, while qualitative involves the recording of narrative 
information (Hair Jr. et al., 2007). The quantitative approach is best suited for 
collecting large numbers of data rather quickly from individuals either 
through observations or surveys. With this method several steps need to be 
considered, the design, validation by pre-testing, and the method of 
administration. While the advantages with quantitative methods are that they 
are easily distributed, standardized, mutually exclusive questions can be used, 
the researcher does not need to be present, and statistical analysis can be used 
to find patterns, which easily can be presented in tables and graphs. The 
drawbacks are that the outcomes are often exclusive, the use of language is 
very important, a loss of researcher control, and if the participants are not 
motivated then the results will be less accurate (Hair Jr. et al., 2007).  
 
The qualitative approach collects narrative data either through observations or 
interviews and is mostly interested in answering questions of what and how. 
In this approach the research is conducted through an intense contact with 
what is studied, a holistic understanding is to be gained, as well as, attempts 
to capture “inside information” from the study and try to explicate the ways 
people relate to their surroundings (Miles & Huberman, 1994). With this 
process a trained researcher needs to collect the data since asking correct 
questions and recording them correctly is essential. In the interview process 
the researcher speaks directly to the participant, poses open-ended questions 
and follow-up questions like why, how, when, where, and who, to gain a 
deeper understanding of the problem in focus (Hair Jr. et al., 2007). 
Disadvantages are that much more time is required, thus, adding to the costs, 
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very little standardized instrumentation can be used, most analysis is done 
with words, and the researcher is directly involved in the process, which can 
influence the participants answers (Miles & Huberman, 1994). 
 
This thesis began with a pilot study that was conducted together with human 
factors experts, which resulted in a quantitative questionnaire (Study I) that 
was sent to three markets asking drivers with lesser than 10 years driving 
experience about their perceptions of driver information. From those results a 
mockup was built in a driving simulator to test and compare the participants’ 
answers with actual behavior. This was used to verify the previous work and 
build a more robust study. Then a qualitative method with structured 
interviews and observations along with a quantitative subjective workload 
questionnaire was used to gain insight on how the instrument panel could be 
developed for future automobiles. In continuation, in the simulator study 
(Study II) both quantitative and qualitative methods of measurement were 
used and measures of speed or time, accuracy or error, workload or capacity 
demands, and measures of preference were performed (Wickens & Hollands, 
2000).  
 
Then Study III was conducted in traffic focused on gaining knowledge about 
the driver’s experiences of a HUD. A questionnaire and a semi-structured 
interview of both quantitative and qualitative nature were used to gain a 
deeper understanding of how the HUD was used, why they used it the way 
they did, their reflections about it, and how it could be further developed for 
future automobile use. 
 
The previously mentioned methods were used to gain a better understanding 
of driver’s behavior and performance in different conditions. As the focus of 
this work was to develop the design of driver environments design methods 
were also taken into consideration where the user studies were developed. 
Since it is known that users generally cannot express their needs when it 
comes to the design of a product, service or experience (Laurel, 2003) it is 
important to use methods that can help the designer to gain insight to the true 
needs and development issues. 
 
Therefore, in this thesis human-centered research methods were used to 
investigate and help the designer’s ability to shape and develop good design 
(Laurel, 2003). Participatory methods, which are human-centered and involve 
the users in the development process (Ireland, 2003), were used to gain 
further insight to how the driver instrumentation was to be developed. Users 
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should not be turned into designers, even though it is a risk designers face 
when using participatory methods, since they do not usually know what they 
want (Ireland, 2003). The on-road study (Study III) in this thesis was, 
therefore, designed to develop a situation where the participants could feel 
more comfortable, which could help the design process. During the three-day 
on-road study, the drivers were given time, as prescribed by Bødker and Buur 
(2002), to reflect the use context, accumulate design knowledge, and inspire 
innovation. Another factor taken into consideration with this work was that 
likely users were implemented in the process as objects of study. Ehn and 
Kyng (1991) state that it is of utmost necessity when using representations, 
like prototypes or mock-ups that the designer interacts with likely users. The 
choice of using representations or prototypes was that quick changes can be 
made to them, and they can be conceptually fruitful. Bødker (1998) states that 
when parts are filtered away, they also reduce interference of other 
manifestations that can hinder the users ability to help the design process. It is 
necessary to understand that the design process is specific for each context 
and that each situation varies, therefore, exact design methods cannot be 
followed, but must instead be made through the process (Button & Sharrock, 
1994). 
 
Although the product design and evaluation cycle is about how the design 
process is conducted it begins with the product user and finishes with the final 
design or design concept. In Figure 2.2 the product design and evaluation 
cycle shows that the design process can be continuous, where each design 
iteration can be further developed and refined after consultation with the 
product user. This is similar to the general research model (Figure 2.1) with 
the addition of the product user. 
 

 
 
Figure 2.2. Product design and evaluation cycle (Wickens & Hollands, 2000). 
 
This process is further explained in figure 2.3, the iteration cycles of design 
and evaluation. This model shows more specifically how the design process 
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and the refining of the design leads to a prototype, P1, which is evaluated and 
that knowledge is added to further develop the design, which in turn can lead 
to the next prototype, P2, etc. Each iteration may also lead to one or several 
prototypes, as shown by the arrows, depending on what the designers learn in 
each step of the process. Even though the users are not shown in this model, 
they are a part of the evaluation research. As with this thesis the users, e.g. the 
drivers, were continuously considered during each prototype and design 
iteration.  
 

 
 
Figure 2.3. Iteration cycles of design and evaluation (Wickens & Hollands, 
2000). 
 

2.2 Limitations 
The thesis consists of three main studies, shown in Figure 2.4. Study 1 
showed how participant’s from China, Sweden, and US perceived and rated 
driver information. Since no actual measurements of their actual behavior was 
collected, the answers could have been affected by their mood or a recent 
traffic incident in the media skewing their answers. The Chinese participants 
were chosen from volunteers of licensed drivers, while the Swedish and 
American (US) were college students, a substantially younger group. The age 
differences could have affected the responses, since crash research has shown 
that younger drivers often are less concerned about following safety 
regulations and the younger could also be more open to choose other 
information placements than what they are used to. There are also specific 
differences in the driving environments and exterior driving climates between 
the participants, due to climate factors. This could definitely have affected the 
participants’ way of perceptions and, thus, their responses in the 
questionnaire. They did, however, respond in a way that groupings could be 
developed from the data and that was used to gain information for the 
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development of driving information. The prototypes used were developed to 
be a representation of what was learned from the users.  
 

 
Figure 2.4. Sequence of studies beginning with questionnaire, driving 
simulator, and on-road test. 
 
The driving simulator study, Study 2, focused on ability to notice and read 
messages located in four different positions within the driving compartment. 
Even though, the task did not heavily rely on the need for a totally realistic 
driving environment. The simulator is not a true vehicle operated in the 
natural road environment, thus, the participants may not have completed the 
study as naturally as they would have in a real automobile. This study placed 
a large amount of focus upon the driver’s performance in relation to simple or 
complex tasks. This was done so to learn how drivers respond under driving 
conditions of little and moderate cognitive load. In this way the participants 
themselves could also respond on how the different display locations affected 
them. Coupled with the driving performance and eye-tracking data could their 
responses be analyzed so to produce a higher degree of certainty to explain 
and support design recommendations.  
 
Study 3, an on-road HUD study, used a nomadic device to present a projected 
image on the windscreen, which differs from a true HUD image. The 
participant’s private vehicles were used and, thus, the reflective coating 
normally used for HUDs was not used and a double image of the speed, 
almost like a light shadow, was produced reducing the clarity of the image 
due to the laminated windscreen. Nor did the image have the light intensity 
and contrast of a true HUD and the optical focal point was only one meter 
from the driver, whereas, automobile typical HUD’s focal point is roughly 
two meters. The study was conducted during a period of three days/nights, 
which gave the participants a chance to get used to the HUD and, thus, also 
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allow for the novelty effect to somewhat wear off, although a longer period 
may have reduced this novelty effect even more as would a longitudinal study 
have given a better understanding of which positive and negative effects 
could arise in unusual situations. Four display locations were used in this 
driving situation of which the participants were required to perform a task. 
This gave support for prototyping a HUD that could be used in participant’s 
own vehicles. Specifically, the type of information that was to be used was of 
lesser importance, but the idea that they could use a HUD and how that could 
be implemented in a vehicle was of more importance. 
 
Overall, only a few warnings and GDIs were tested, which could hinder the 
participant’s ability to create a realistic representation of how other warnings 
and GDIs could function in the displays and, thereby, limit the studies validity 
to make a good analysis of the data. An attempt to hinder this was that 
pictures were shown to the participants explaining the items functions, thus, 
helping the participants make an educated guess on how it would be in their 
own vehicle. 
 
How the thesis was developed in relation to the 10 papers and conference 
presentations is shown in Figure 2.5. A licentiate thesis is listed as P5 and it 
included all material from Study I and the subjective data from Study 2. The 
papers were used to both help develop a better understanding of how driver’s 
perceive the information presented to them and to gain knowledge for 
developing recommendations for instrumentation design. The rows show how 
the papers helped the progress of the thesis, beginning with a pilot study and 
finishing with an on-road study. Papers P1, P6, and P8 showed how 
fundamental knowledge was gained for further testing in Study 2. Papers P2 
and P3 present Study 1. Papers P4, P6, P8, and P10 present the different 
simulator tests and the knowledge gained from them, and, finally, paper P11 
shows Study 3. 
 



 26 

 
 
Figure 2.5. Each paper in relation to the study it represents and where it is 
used in the design process.  
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3.1 Driver Performance 
The task of driving involves many facilities, but the focus of this chapter is on 
the driver’s performance while driving. Of utmost interest is how the driver 
perceives and uses the information displays found in vehicles. For this to be 
done must both the human’s physical and cognitive abilities be understood 
and how they interact since they control the drive. Driving is a complex task 
including both controlling and maintaining safety margins (Gibson & Crooks, 
1938; Summala, 1985) and not just a perceptual-motor task as it was believed 
to be earlier (Groeger, 2000), e.g. that a driver only responds to the changes 
of the visual environment. As a driver learns the dimensions of their own 
vehicle and behavior and how other drivers act in traffic they can learn to 
navigate safely. Thus, drivers learn to compensate for expectancies, 
uncertainty, and risk and how to not feel at risk in traffic (Summala, 1985). 
The fields of cognitive and social psychology have played important roles in 
helping to understand traffic, resulting in the field of traffic psychology and 
showing that the driver is a part of the traffic system (Groeger, 2000). To be 
more specific the task of driving contains: control (handling, operational), 
maneuvering (tactical, guidance), and planning (strategical, navigational) 
levels (Kelly, 1968; Adams, 1971 cited in Summala, 1985).  
 
Driving Framework 
Groeger (2000) produced a framework for understanding the driving task 
based upon a variety of experiments. This framework shows four hypothetical 
processes that underlie driver behavior (Figure 3.1) “(1) a process that detects 
changes which imply some discontinuity in currently active goals, (2) a 
process that appraises this threat, (3) a process that selects and constructs the 
most appropriate form of action in the circumstances, and (4) a process 
responsible for the implementation of any changes in current activity that this 
may require.” (Groeger, 2000, p. 190). Hence, it contains four elements, 
implied goal interruption, appraisal of future interruption, action planning, 
and implementation that provide a reasonable account of how driver’s drive 
and the cognitive abilities and processes that are relied upon for the task and 
how they interact. This four-facet framework was developed to help 
understand “how the general cognitive abilities underlie driver performance” 
(Groeger, 2000, p. 203). However, as Michon (1985), Groeger (2000), and 
Lee (2008) state there is no general model of cognition that explains driver 
behavior completely, because the complexity of driving is so difficult to 
understand and predict.  
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Figure 3.1. Four elements of driver behavior from Groeger (2000, p. 190). 
 
Implied goal interruption. It is implied that there are a number of goals that 
influence driving, such as, for instance, the purpose of a journey and the goal 
to remain safe and/or enjoy the drive. Summala (1985) shows that driving is a 
habitual activity and the principal motivation is the destination and that 
human behavior in traffic is motivational, which is explained, in general, in 
that people use transportation as a means to reach a goal. At the same time 
drivers seek to satisfy their needs and desires to reduce time and increase 
excitement (Walker, et. al., 2001). Groeger (2000) uses the term goal to show 
that people drive to accomplish something, and, thus, they also are more 
likely to learn from the process and use those experiences for future 
situations.  
 
Appraisal of future interruption. This element pertains to what happens when 
a threat to the goal is detected. In this stage, the driver’s beliefs are 
considered, e.g. control to handle one threat and the self-efficacy to those 
beliefs. This takes into consideration the personality in assessing the threat, 
how the threat is appraised, the attitude at the time, personality characteristics, 
and experience in handling such threats.  
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Action planning. This element pertains to how drivers respond to a ‘newly 
established’ goal, which results from a threat. If a threat is minor, very little or 
no response at all is necessary, but if the threat is considered to be major the 
driver will need to respond by changing the initial course of action. Selecting 
between different actions may be difficult, especially for novice drivers, since 
many of the situations may be unfamiliar and unpracticed. 
 
Implementation. It refers to the way the action selected is performed, this also 
includes the decision to “maintain current activity”. This element has mostly 
to do with behavioral routines, but it includes physical motor control, 
coordination, and feedback from the drivers’ appraisal of their own 
performance. 
 

3.2 Human Information Processing 
To help understand the process of how drivers process information the model 
of human information processing is of most importance. This human 
information processing model (Figure 3.2) explains why human performance 
changes in relation to the operation of an object, such as an automobile.  
 

 
 
Figure 3.2. A model of human information processing (Wickens & Hollands, 
2000). 
 
It also helps to give the designer a framework to follow concerning the 
distinctions between the psychological and physical motor processes that are 
affected by a design. Its effectiveness is that it links both basic psychological 
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theories and helps identify different design solutions (Wickens & Hollands, 
2000). Hence, the model is used as a “framework for analyzing the different 
psychological processes used in interacting with systems and for carrying out 
task analysis” (p. 10). This model represents a series of stages whose function 
is to carry out an operation on the information and the feedback loop shows 
that there is no fixed starting point in the process. 
 
Sensory processing is about how information from the environment gains 
access to the brain and includes the peripheral sensory organs and how they 
influence information processing. Perception is when sensory data, sent to the 
brain, is interpreted. This process occurs automatically and rapidly and is 
driven by both sensory input (bottom-up processing) and input from long-
term memory (top-down processing), which work harmoniously together. The 
working memory involves cognition, which involves long-term memory and 
attention resources, thus, the “cognitive operations generally require greater 
time, mental effort, or attention” (Wickens & Hollands, 2000, p. 12).  
 
Attention is the supply of mental resources available, since many mental 
operations are not automatic they require attention. Attention is the selective 
application of these resources to a specific task. Attention can be divided into 
three categories: selective attention, focused attention, and divided attention.  
 
Selective attention is when a driver selects to attend certain cues that stand 
out, rather than to what is necessary. The central area of attention should be 
the traffic scene but the driver can lose track of the situation and attend to 
other things. An example of that would be when a driver attends to the 
navigator in the vehicle, unknowingly, withdrawing attention from the traffic 
scene.  
 
Focused attention is when a driver focuses his/her attention on something, 
whether intended to or not, and shut out other sources of information. An 
example of this is when a driver focuses on driving straight ahead and misses 
seeing an emergency vehicle about to cross his/her path.  
 
Divided attention is when attention is divided between two information 
sources and, thus, the limited capacity of the attention resources are split 
between two tasks, which limits them even more and reduces the chance to 
notice new necessary information. The phenomena cognitive tunneling occurs 
where the driver becomes so focused on the task(s) that his/her attention 
decreases and he/she is not able to notice/attend to information that he/she 
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normally would. All these operations are conscious activities and have limited 
resources. 
 
Response selection and response execution are based upon the understanding 
of a situation, which, in turn, is based upon perception and cognition, and a 
response is chosen. For the response to be executed muscle control and 
coordination are needed. Feedback shows that the flow of information can be 
initiated at any point in the stage and the feedback loop shows that in many 
tasks the information flow is continuous, that is, an action causes perception, 
in the same way, perception causes an action. Feedback most often occurs in, 
when the driver notices how his/her actions are conducted in the environment.  
 
The human information-processing model with its framework helps clarify 
how human performance works and its components can be studied and 
analyzed separately. An important issue in understanding driving is to 
understand the flow of information so that different tasks confronting the 
driver can be compared. The amount of information that a driver faces is not a 
problem, but instead the humans’ ability to process and use that information 
effectively is.  
 
Visual Search 
Visual search begins with visual sampling and that is the search for 
information and targets. Though studying visual search behavior, for example 
gaze patterns with eye-tracking, much can be learned. This occurs through a 
tracking of the pupil movements and this can be done because only a small 
region of the visual field can perceive details. This is called the fovea and 
foveal vision, which is used to look at something in detail. When the eye 
moves between different targets it is called saccadic movements and when the 
eye follows something it is called pursuit movements. When vision is fixed 
on a target it is called a fixation and prolonged observation or studying of a 
target, which also includes many small saccades even when looking at 
specific parts of the target along with the fixations is called a glance. The time 
spent studying a target is called glance time. There are two aspects of visual 
processing, focal vision and ambient vision. Focal vision is basically related 
to foveal vision since it deals with details and pattern recognition. Ambient 
vision deals mostly with peripheral vision and helps with ego motion and 
orientation. These two use separate resources concerning time sharing, brain 
structures, and different types of information processing (Wickens & 
Hollands, 2000). 
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Visual scanning research has shown that people tend to fixate in areas 
containing most information (Yarbus, 1967 cited in Wickens & Hollands, 
2000) and “visual attention will be drawn to items that are large, bright, 
colorful, and changing (e.g., blinking), a characteristic that can be exploited 
when locating visual warnings” (Wickens & Hollands, 2000, p. 75). An 
abrupt stimulus, e.g. light turning on, attracts attention especially when 
located in the visual periphery, because the visual system seems to be 
extremely sensitive to new perceptual objects (Yantis & Hillstrom, 1994). 
People tend to scan based upon their knowledge of the displayed area and/or 
their experience. Wikman, Nieminen, and Summala (1998) found that novice 
drivers spend more time looking at the instruments than experts. To help 
drivers detect important visual information is standardization of symbols, 
indicators, signs, information sources, etc. used on roadways and in 
automobiles. Wickens & Hollands (2000) state that visual scan is a good 
indicator that can be used to learn about the users attention and what drives 
their visual behavior. 
 

3.3 Attention 
Parallel processing and divided attention, as opposed to selective attention, 
are good for performance in many situations. In some situations, like in an air 
traffic control center, it could be detrimental if controllers allowed themselves 
focus and to block out other sources of information. Problems occur when 
divided attention becomes mandatory and impairs the ability to attend to 
important changes in the environment. Tufano (1997) states that attending to 
the road and a HUD speedometer at the same time should facilitate divided 
attention and Sojourner and Antin (1990) found that drivers detect road cues 
much quicker with a HUD than with a HDD. Having items in close proximity 
can help produce a more successful divided attention, but it can also add to 
confusion if the person has difficulty in focusing on one them (Wickens & 
Hollands, 2000).  
 
Spatial Displays 
For spatial displays Wickens and Hollands (2000, p. 119) state “human 
performance depends on accurate judgments of distance, extent, and depth, 
involving analog perception. In analog perception, large spatial or physical 
differences are more significant than small ones”. For display integration, the 
proximity compatibility principle (Wickens & Carswell, 1995) says that items 
of similar task should be located together within the same proximity. This is 
similar to the Gestalt law of proximity (Lauer & Pentak, 2007). The items 
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may not necessarily be used simultaneously, but due to their similarities they 
should be found within the same spatial and perceptual proximity to help the 
mental or processing proximity of the driver. This is complementary to 
ecological display design (Rasmussen & Vicente, 1989) in which 
representations are to show the constraints of the physical system and 
deviations in the shape of a display indicating potential problems in the state 
of the system. Further, displays that are compatible with the physical system 
are read more quickly, used more proficiently and more accurately. 
Concerning the design of information layout should the performance load be 
minimized “to the greatest degree possible, by reducing and or eliminating 
unnecessary information from displays, chunking information, providing 
memory aids to assist in complex tasks, and automating computation-
intensitive and memory intensitive tasks, reducing overall motion and energy 
expended” (Lidwell, Holden, Butler, 2004, p.148). The greatest advantage is 
that these benefits increase under conditions of stress (Hollands & Wickens, 
2000). 
 
Finally, the sense of depth is used to create a third dimension, which can 
represent another (nondistance) quantity besides proximity. Three-
dimensional displays are dependent on the position of the person. Cutting and 
Vishton (1995) found that depth is separated into three regions; personal 
space (within 2m), action space (2-30m), and vista space (30m+). Some clues 
are effective regardless of distance, namely occlusion and relative size. 
Occlusion is used with automobile HUDs, the image of focus is located circa 
2.3 m in front of the driver to help the driver sense that the depth of the HUD 
is beyond the personal space and the time to focus is held to a minimum.  
 
Stress and human error 
Stress and errors are often found in a closed-loop combination. When errors 
are made, they cause stress, which, in turn, can lead to more errors. Stressors 
that can cause stress are noise, vibration, heat, dim lighting, and high 
acceleration, as well as psychological factors such as anxiety, fatigue, 
frustration, and anger along with time pressures (Wickens & Hollands, 2000). 
Stress has three manifestations; an emotional experience, physiological 
changes in heart rate, skin temperature, dilated pupils, and catecholamine in 
the bloodstream, and degration of the information process. Human 
performance as a response to stressors is not predictable since so many other 
variables play in, e.g. cognitive disposition, skills, and training.  
Arousal is one effect of stressors and it can be measured by physiological 
changes. Some stressors can increase the arousal, which help improve the 
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level of performance, while others, like fatigue, can decrease arousal. 
Selective attention, or attention narrowing, is another effect of stress (Stokes 
& Kite, 1994) where peripheral-performance decreases leading to cognitive 
tunneling in which items of lower priority are filtered (Bacon, 1974). In some 
instances the level of performance increases for items in focus (Houston, 
1969). 
 
Selective Attention: Distraction 
Many stressors impose a distraction and, thus, divert selective attention away 
from task-relevant processing. Yerkes Dodson Law (Yerkes & Dodson, 1908) 
states that arousal improves performance, while too much arousal or stressors 
cause performance to decrease. This follows an inverted U shaped pattern. 
People who are stressed, while performing, chose patterns of self-
preservation, that is, they often continue with a plan of action, which, they 
have used in the past (Zakay, 1993 cited in Wickens & Hollands, 2000). This 
is when cognitive narrowing or cognitive tunneling occurs, which can be 
dangerous because it hinders or restricts attention to the environment and 
what occurs there. To cope with this four ways are used. One is by recruiting 
more resources by trying harder, thus, increasing arousal, which in the long 
run produces fatigue. A second is to remove the stressor by turning it off or 
tuning it out, a third is to change the goals of the task by lowering the effort, 
which reduces the workload, and a fourth is to not respond to the stressor 
(Hockey, 1997). 
 
Design solutions are one type of remedy to the effects of stress. In the case of 
motor vehicles reducing the necessary amount of information, reducing 
clutter, and increasing organization to the driver could be a solution. Schwartz 
and Howell (1985) found that analog displays helped reduce the effects of 
time pressures, because they are easier to scan and interpret than digital 
displays. Wickens and Hollands (2000) state that a high display compatibility 
is important so that the presentation of information fits the drivers’ mental 
model of the driving task. 
 
Driving is conducted in a complex sociotechnical system 
Vicente (1999) describes a complex sociotechnical system with 11 
characteristics; large problem spaces, social, heterogeneous perspectives, 
distributed, dynamic, potentially high hazards, many coupled subsystems, 
automated, uncertain data, mediated interaction via computers, and 
disturbances. All 11 of the characteristics are found in the driving process to a 
lesser or greater degree. Driving is a social experience in which the driver 
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must communicate in a clear way with others and coordinate actions with the 
others such as motorists, pedestrians, cyclists, etc. In some driving 
environments, more than in others, are drivers from different social and 
cultural backgrounds forced to drive in situations foreign to them. Rural 
drivers may be navigating in urban environments, a driver may use different 
vehicles for different situations, or a driver may regularly operate rental 
vehicles, which have both different layouts and positions. There is also a high 
degree of potential hazards while driving, for both the driver and others 
around, depending on the driving situation. An abrupt fog on a highway may 
result in hundreds of vehicle crashes resulting in major and fatal injuries.  
 
Operating a vehicle can also be defined as a mediated interaction between 
mechanical systems of the vehicle, especially now when more advanced 
systems with driving helps are implemented into the driving environment. 
Even disturbances can be included since a driver can be faced with many 
different types of unexpected events that are potentially fatal if not responded 
to appropriately. These potentially hazardous events are rather uncommon, 
but the potential is always there, just as in the case of the fog or in the case of 
another driver who blacks out, loses control and drives through a red light. 
Since driving and the traffic environment are so complex it is not easy to deal 
with. Many different fields work on different parts of the traffic system, from 
designing road surfaces for better friction in varying conditions to making 
easily understandable symbols in the vehicle and bringing everything in the 
vehicle together. 
 

3.4 Human Error  
According to Reason (1997) the primary cause of major accidents and 
incidents in complex systems such as nuclear power, process control, and 
aviation is due to human error. Many errors committed in operating systems 
are the result of bad system design or bad organizational structure rather than 
irresponsible action (Norman, 1988; Reason, 1990). Human error in traffic is 
hard to measure but crash statistics show that up to 80% of all crashes can be 
caused by the driver being distracted and in many of these cases are drivers at 
fault, because they chose to focus on a secondary task. Human errors made in 
experiments are not as detrimental as errors made in real life situations, 
therefore, are models or guidelines produced to help designers predict and test 
for errors before implementing new changes. In dealing with humans it is 
difficult to isolate errors of a certain kind because the human, as mentioned 
earlier, can be affected in many different ways. 
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Skill Rule Knowledge Taxonomy 
Human error can be categorized in several ways and a model that is consistent 
with the information processing model is the Skill Rule Knowledge 
Taxonomy ( ) by Rasmussen (1983). This taxonomy provides “some basic 
distinctions which are useful in defining the categories of human performance 
for which separate development of models is feasible” (p. 257) (Figure 3.3).  
 

 
 
Figure 3.3. Skills, Rule, Knowledge Taxonomy (Rasmussen, 1983). 
 
The SRK taxonomy is an overall qualitative model that allows for the 
matching of performance categories to different situations (Rasmussen, 
1983). The logical steps of the SRK taxonomy (Vicente, 1999) are: 
 

1. One must understand that there are constraints that must be taken into 
account so that a goal can be achieved reliability and consistently.  

2. These constraints can be represented in different ways depending on 
how one understands their role in the system.  

3. Each of the levels defines a different level of cognitive control.  
 
Three levels of human errors, skill-, rule-, and knowledge-based, were 
developed to be useful in design and evaluation of new interface systems. The 
skill-based and rule-based levels are automatic, while the knowledge-based 
level is slow and a thought process needs to be engaged. 
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Skill-based behavior represents sensory-motor performance that occurs, 
where the body responds to an intention and functions without conscience 
control. These are highly automated actions and can even be described as 
“know how”. In Figure 3.3 the person recognizes features through sensory 
input and directly responds with automated sensorimotor movement. 
 
Rule-based behavior is “a sequence of subroutines in a familiar work 
situation” (Rasmussen, 1983, p. 259). These are also relatively automatic 
actions since no reasoning is required. The person responds to a cue in the 
environment based upon what he/she has learned. This can be described as 
actions that are based upon a set of rules, if A occurs then one is to respond 
with B. In Figure 3.3 it can be seen that first a sensory input is recognized, 
then an association to a task is made, which then is responded to by the stored 
rules for activities, and, finally, is an automated movement made. 
 
Knowledge-based behavior is based upon an analysis of the environment and 
the aims of the person, then a plan is developed after several plans have been 
considered, and an action is taken. This level is reached when actions need to 
be made in unfamiliar environments or situations. It is shown that the sensory 
input is first recognized and identified, followed by a goals analysis of the 
situation, then a plan to act is made, followed by an action that is based upon 
known rules for activities, and, finally, automatic movements are 
made/performed. 
 
The role of signals, signs, and symbols in the SRK taxonomy is to show how 
people interpret information in the environment: 
 

Signals have a strong perceptual basis because they are continuous 
quantitative indicators of the time-space behavior of the environment. 
For example, when you are driving a car, the changing distance 
between your car and the lane markers may be a time-space signal. 
Sign, on the other hand, are arbitrary but familiar perceptual cues in 
the environment. … For example, when you are driving your car, a 
red octagon with the word stop painted on it may be a sign. Symbols 
are meaningful formal structures that represent the functional 
properties of the environment. For example, when you are driving, 
you may use your knowledge of the causal relationships between the 
car’s components to diagnose a malfunction (Vicente, 1999, p. 284). 
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There are also significant interactions between the levels and these are best 
understood with a temporal perspective. These four interactions are 
synchronous, synchronic, diachronic, and achronic. The synchronous 
activities deal with the skill-based behavior realm and are those actions that 
occur in sync with the current situation. Synchronic activities are also in sync 
with the current situation, but they deal with new skill-based activities that are 
activated by signs. Diachronic activities require evaluation or planning and 
are on the rule-based level. Finally, achronic activities also require evaluation 
or planning, but are on the knowledge-based level. A driver can be involved 
in several of these activities simultaneously without it negatively affecting 
their ability to navigate the vehicle safely (Vicente, 1999). 
 
Categories of Human Error 
The categories of human error are described below, first each type of error is 
explained and then how they fit into the model of information processing 
(Figure 3.4).  
 

 
 
Figure 3.4. Information processing context for representing human error 
(adapted from Wickens & Hollands, 2000). 
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Slips are errors in which an intention was correct, but a lack of attention to the 
task resulted an incorrect action. These occur in the skill-based behavior level. 
Mistakes are errors that come from an incorrect intention, which lead to an 
incorrect action and these occur in the rule and knowledge-based behavior 
levels. Knowledge-based mistakes occur when the operator is certain of the 
task they are presently performing, but an exception to the situation occurs, of 
which, they are not prepared for, the operator misjudges the situation and 
takes an incorrect action (Reason, 1990). Lapses represent the failure to carry 
out any action at all. These are failures of memory and often occur in 
instances where certain steps are omitted (Wickens & Hollands, 2000). Mode 
errors occur when the operator has forgotten the correct context they are in 
when an operation is conducted (Norman, 1988). Both lapses and mode errors 
occur in the rule-based level. 
 
Knowledge-based mistakes often occur due to a lower level of experience, 
while rule-based mistakes occur when the attention is distracted from the 
problem. Slips also occur due to a lack of proper attention, but are easiest to 
detect because skill-based actions are almost always monitored. On the other 
hand, lapses and mistakes are more difficult to notice, because the intentions 
could be wrong and the actions correct, thus, the monitoring sees the correct 
action. For a lapse, if an action is forgotten the action can be missed, because 
the monitoring will not be expecting the action anyway. One important thing 
to note is that mistakes can be prevented through design features that help to 
attend to the situation (Rouse & Morris, 1987).  
 
Error remediation 
The SRK taxonomy is used to help guide the overall design process, while 
Rasmussen (1983) states that quantitative methods can be used to help guide 
the specifics of the design. This method is not designed to remove human 
error, but to increase the systems tolerance to errors (Rasmussen & Vicente, 
1989). Norman (1988) says that one is to design for error by assuming that 
errors will occur, plan for them, and design a system that allows users to 
make errors and recover from them. The design should allow reversible 
actions, while preventing irreversible actions through the use of: 
 
Task design. Simplify tasks by making them similar to natural tasks, but give 
mental aids to the new method. Certain tasks do not need to be changed, but 
what the operators is doing has to be made visible and feedback should be 
given so they can keep control of the situation. Parts of a task could be 
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automated so reduce unnecessary work and if a task is too complex or 
difficult the nature of the task should be changed (Norman, 1988). 
Equipment design. Equipment should not allow people to misunderstand what 
is to be done. Let the operator know what actions to take and give feedback to 
what they are doing. Use constraints that prevent people in making errors. 
Use reminders so that actions are not forgotten. Avoid systems that require 
similar actions, which result in different functions in different contexts 
(Norman, 1988). 
 
Training. A lack of knowledge and training is a large source of mistakes. 
Even with training it is important that the immediate and relevant feedback is 
given. People should also practice at correcting errors so they will know how 
to deal with them in the actual situation (Wickens & Hollands, 2000). 
 
Assists and rules. If things cannot be solved by design then develop rules of 
operation or by standardizing the way things are to be used (Wickens & 
Hollands, 2000). 
 

3.5 Design implications 
The SRK taxonomy’s role is to help guide the overall design structure of the 
system. What is necessary for research is that the “categories of performance 
as stated in the SRK model are to be kept separate while keeping in mind the 
distinctions” (Rasmussen, 1983, p. 265). Recommendations given by 
Rasmussen (1983) adapted for this design dilemma are: 
 

1. A formalized description of the categories of the tasks need to be 
determined if a plan is to be developed. 

2. A task must be described in terms based upon the human mental 
functions. Subjective preferences and performance in the given 
environment is necessary for design. 

3. Analysis of human performance in real-life situations is necessary to 
identify strategies and subjective performance criteria. 

4. Different types of experiments should be used to evaluate different 
design concepts. Qualitative evaluation of the peoples’ strategy of 
performance is better suited than quantitative measures. 

 
To be able to study people in complex environments, like driving, they need 
to be studied in several different paradigms, there the whole driving 
environment is taken into consideration. 
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4.1 Design Approach 
The design perspective taken in this thesis is called research-through-design, a 
method through which research is conducted. The design was developed 
successively as the research progressed towards a final solution. After 
different solutions were developed and tested ideas for further research were 
produced. Design is defined in this thesis and the methodologies based upon 
that perspective. The act of design is to create and give form to previously 
nonexistent activities (Fällman, 2003) and knowing that is the designer’s role 
to combine the natural and the artificial, devising artifacts based upon ‘how 
things ought to be’, in contrast to how things are (Simon, 1969/1996). That 
which is “produced by art rather than by nature” is artificial (p. 4) and Simon 
(1969/1996) uses that as an argument to show how man-made objects 
distinguish themselves from the natural environment.  
 
In this way the science of design is exploratory rather than a descriptive or 
interpretive (Simon, 1969/1996). In contrast to that are the traditional/natural 
sciences, which are a repetition and replication of studies (Kuhn, 1967). 
Artifacts produced from research-through-design differ from other types of 
design artifacts in that their foremost purpose is to produce knowledge for 
research and not the practice communities (Zimmerman et al., 2007), 
although a byproduct may be a functioning product. Since design is often 
exploratory, designers are not interested in finding a ‘truth’, e.g. one perfect 
solution based upon repeated studies, but instead explore opportunities and 
possibilities for the future (Dahlbom, 2002). In this way “design activities are 
flexible rather than rigid, reflective rather than prescriptive, and problem-
setting rather than problem-solving” (Schön, 1982, p.2). Or as Button and 
Sharrock (1994) point out, methods are often not followed “by the book”, but 
developed or made while working in the specific design context. In this way 
practicing design is “not a matter of starting from certain theoretical or 
methodological problem: it is a matter of starting from what we want to do, 
and then searching for methods and theories that can help us to achieve these 
ends” (Terry Eagleton cited in Dishman, 2003, p.48). Fällman (2003) states 
that design processes must be considered as a tradition that guides action and 
thought and not as a bridge between science and art, but a complement to the 
natural sciences. In this way design uses the methods and theories found in 
the natural sciences to help develop design solutions. This is fitting for design 
since it falls into a boundary area were practices of different traditions meet to 
create new things (Bertelsen, 1996). 
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In this thesis design is seen as research that helps create and give form. 
Design in this meaning is an activity that gives meaning by “making 
something, …giving it significance, designating its relation to other things” 
and “design is a sense creating activity” (Krippendorf, 1989, p. 9). From this 
point of view it is necessary that the products of design are understandable 
and meaningful (Krippendorff, 1989) for the user. As stated by Adler and 
Winograd (1992, p. 9) “design for usability must play an active role in 
determining objectives and early conceptual designs”. The traditional user-
centered work, like human factors, regarded the physical/mechanical point of 
view of humans, which adapt products for better human function, but that was 
also a problem because the results only solved a part of the problem and often 
leave out the context and the user behind the task (Adler & Winograd, 1992). 
It is of utmost importance that the context and the people within it are 
understood correctly (Nielsen, 1998) so that usability designers can make use 
of the knowledge that comes from the users and their context of use (Norman, 
1991). Design attempts to understand people holistically, linking product 
benefits to product properties, and designing products that people find 
satisfying and pleasurable (Jordan, 2000). 
 
Designers Role in the Design Process 
The designer’s role in the process is to develop artifacts/products in an 
iterative process between user understandings, the designer’s own intuition 
based upon knowledge of the context, and the people within it. What is 
produced fulfills the design criteria that comes from the user, but at the same 
time reflects the individual characteristics of the designers. The challenge for 
a designer is to use creativity in such ways as to combine knowledge and 
know-how and produce an outcome that is both physically and emotionally 
appealing. The goal is not to develop an artifact that is a duplication of 
another, but an artifact that reflects the human creativity and uniqueness 
fulfilling the demands of the users. Seago and Dunne (1999) state “that there 
is a kind of tacit knowledge creative professionals (designers) possess which 
cannot be separated from their perception, judgment, and skill” (p. 16), this is 
the ability to gestalt the object as a whole. Every design project must consider 
how the users are embedded in a larger social system in which they need to 
consider the environment the products will be used in but also to understand 
the user’s values, beliefs, actions, etc. (Dishman, 2003). 
 
Design research, on the other hand, is a separate activity from design practice, 
which grew out of more and more complex systems or products that focused 
on development of knowledge and not just artifacts of consumption 



 47 

(Zimmerman, Forlizzi, & Evenson, 2007). However, design-as-research and 
design-research are different. Design-research uses its own media to perform 
investigations, while the testability and reproducibility of design-as-research 
is less important, but more sensitive to social and cultural contexts that 
produce outcomes that resonate with the specific market (Lunenfeld, 2003). 
Therefore, design and engineering are to be intertwined and design functions 
are to be seen as applied research more than pure research (Lunenfeld, 2000). 
“Design research is inherently paradoxical: it is both imaginative and 
empirical” (McDaniel Johnson, 2003, p. 39) by both studying how things 
should be and based upon empirically obtained knowledge. 
 
The approach “research-through-design” is built upon Frayling’s (1993) 
concept that research is conducted through design. Traditionally scientific 
research is focused on validity, while design has focused upon relevance. 
However, many research-through-design contributions have neglected to 
mention the results in terms of relevance with the motivation of the work and 
what the preferred state of the world should be and this has damaged its 
relevance in the field of science (Forlizzi et al., 2008).  
 

4.2 Aesthetics 
The rational perspective of aesthetics used in this thesis comes from the 
pragmatist aesthetics, which regards aesthetics as a perceptual experience 
involved in the everyday world (Akner-Koler, 2007). Dickie (1962) explains 
that “aesthetics, like ethics, philosophy of science, and so on, is a 
philosophical activity and not to be confused with science” (p. 301) and all 
philosophical activity depends on non-philosophical activities to be 
understood. As of today there is no comprehensive scientific theory that 
explains an aesthetic experience even though it can be seen and measured in 
part (Leder, Belke, Oeberst, & Augustin, 2004) and one example of this is the 
emotional attraction people have towards certain products, which can be 
measured through both emotional and physical responses (Blood & Zatorre, 
2001). In addition there seems to be a correlation between familiarity and 
attractiveness. This has been shown in research on aesthetics that, even 
though, there is no one specific defining factor results show that humans do 
seem to prefer that which is familiar to them (Halberstadt & Rhodes, 2003). It 
is also shown that “repeated exposure of an individual to a stimulus object 
enhance(s) his/hers attitude to it” (Zajonc, 1968, p. 23). This is even 
supported by Bornstein’s meta-analysis (1989), which showed that brief 
exposure followed by a longer period of delay, even with previously unknown 
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stimuli, could give an exposure effect. An aesthetic understanding assists in 
achieving a better emotional experience, which in turn promotes a better 
overall experience of that artifact (Jordan, 2000).  
The other aspect, as shown by Helander (2003), shows that aesthetics 
probably plays a more important role than ergonomics in products because the 
aesthetic factors are easier to distinguish and also have emotional values. 
Concerning the wholeness, or unity of a prototype, it is shown that the role 
unity plays in the prototype has a direct effect on the aesthetic response of the 
user (Bell, Holbrook, & Solomon, 1991; Veryzer, Jr. & Hutchinson, 1998). 
The overall experience is thus considered to be the whole experience 
produced by that specific object. The sum of the parts is the whole, but in this 
perspective the whole experience means something more than the parts. The 
definition of whole is “a congruity or agreement (which) exists among the 
elements in a design; they look as though they belong together, as though 
some visual connection beyond mere chance has caused they to come 
together” (Lauer & Pentak, 2007, p. 28). Further explanations of this are 
given in the Gestalt law of Prägnanz (good curve) (Koffka, 1935) and the 
Gestalt theory of proximity (Lauer & Pentak, 2007), but not limited to them.  
 

4.3 Semantics 
Design is a form of communication (Krippendorff & Butter, 1984). In user-
centered or human-centered design the designers role is to construct artifacts 
that have meaning conceptually, linguistically, and materially and with that 
the motivation of how things are acquired, exchanged, rendered meaningful, 
and used by people (Krippendorff & Butter, 2007). This understanding of 
design is in sharp contrast to functionalism that stemmed from the Bauhaus 
movement, which, had a firm understanding of aesthetics, but defined their 
own perspective of form (Mitchell, 1993). The functionalistic understanding 
has influenced design thinking since the turn of the century, in which the idea 
that form follows function, e.g. if a product was functional it was beautiful. 
The aesthetic properties of functionalism were based upon function alone, but 
it is true that people also want to enjoy beauty for enjoyments sake and not 
only focus upon function alone. Krippendorff and Butter (1984) show how 
design can assist in producing a form of communication. The crisis in 
functionalism was that early ideas supported mass production and a classless 
design approach, which resulted in a loss of interest by the users and led to a 
conflict between the consumer needs and industrial interests (Krippendorff & 
Butter, 1984). People in today's high tech and abundant society no longer seek 
to balance form and function, rather, they aim to surround themselves with 
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objects that best express their ideology (Friedlander in Krippendorff & Butter, 
1984). “Functionality is more and more taken for granted in products, and 
users are looking for fulfillment at an altogether different level of 
appreciation” (Demirbilek & Sener, 2003, p.1347). Form no longer follows 
function and the earlier mantra “form follows function” lead by functionalism 
is no longer there. The decline of functionalism. was overcome by the 
concern for meaning (Krippendorff & Butter, 1993). 
 
It is also important to understand that stakeholders have different meanings 
concerning an artifact and designers need to consider which meanings should 
be afforded by the design or discouraged either through semantic and/or 
physical ways (Krippendorff & Butter, 2007). The study of semantics is the 
study of the meaning and originally it was the study of the nature of meaning 
of words and languages. The semantic way would be through form that 
encourages or discourages certain actions/behaviors or by physically using 
mechanical constraints that make actions near to impossible (Norman, 1988). 
An important problem that designers need to address is the emotion of fear, 
where users are afraid to use technologies because they are afraid to cause 
harm. Krippendorff (2006, p. 89) states that humans differentiate three 
qualities of experiences with artifacts: 
 

1. Recognition. The more accurately one recognizes an artifact the more 
likely they are to experience it correctly.  

2. Exploration. In this stage one looks for ways how to handle an artifact, 
explore it, and use it. 

3. Reliance. One has mastered the artifact and can use it naturally, 
seamlessly, and flawlessly. There is no longer any focus upon how to 
use it, but instead what can be accomplished with it. 

 
The aim of all human-centered design is reliance. Krippendorff and Butter 
(2007) say that this is when the artifact itself “loses” its function and becomes 
a part of the user, a tool, that helps address that what is more important, the 
task at hand, and understand semantics as “the study of meanings in the 
broadest sense” (p. 3) and they created the term “product semantics” 
(Krippendorff & Butter, 1984).  
 
Traditional semantics focus on the linguistic expressions of sign, referent, and 
thought. The intended representation of something (thought), what is 
represented (sign), and the person (referent) that makes the connection 
(Krippendorff & Butter, 1984). This is explained in the semantic triangle 
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(Figure 4.1). A problem not taken into consideration with this model of 
traditional semantics is that socio-cultural histories also play a role.  
 

 
 
Figure 4.1. Semantic triangle. 
 
Semantics are important for the design process since it is used to help with the 
‘correct’ representations of artifacts. Even more specifically, design is a 
representation, it’s not about something natural, but instead an idea or a 
concept that is artificial, which has to be developed and brought forth in the 
design process. Drawing on design, therefore, means to explore the (problem) 
space from a holistic perspective in which the whole is considered as being 
worth more than the sum of its parts. Those parts have mutual relations, in 
which, their interactions together are what make the whole (Simon, 
1969/1996). Coughlan (1999) showed that participants gave much higher 
scores when a whole automobile was shown to them and not just parts, 
because they had difficulty in trying to integrate the interior and exterior 
design properties to each other. 
 
Product Semantics 
The suitable starting point for product semantics is the experiential fact that 
people surround themselves with objects that make sense to them, that they 
can identify as to what they are, when they are to be used, how they are to be 
used, for what purpose they are to be used, and in what context they are to be 
used. People can become so attached to these products that they cannot be 
substituted with something else or serve as a substitute for something else 
(Krippendorff, 1989) since a product tells something about itself and also 
about the human being who owns it (Demirbilek & Sener, 2003). “Product 
semantics is the study of the symbolic qualities of human-made forms in the 
cognitive and social contexts of their use and the application of the 
knowledge gained to objects of industrial design” (Krippendorff & Butter, 
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1984, p. 4). By this definition, product semantics is neither a style nor a 
program or a movement. Rather, it is a concern for the sense/meaning 
artifacts make to users, for how technical objects are symbolically embedded 
in the fabric of society, and what contributions they thereby make to the 
autopoiesis of culture. Monö (1997) defined the semantic functions of a 
product as: 
 

1. To describe – the gestalt describes how it is to be handled/used. 
2. To express – the gestalt expresses the products values and qualities. 
3. To signal – the product gestalt urges the user to react in a certain way. 
4. To identify – the product gestalt identifies the purpose, origin, nature, 

and product area that are to function. 
 

This is understood as that designers should know “not only what message(s) 
they wish to transmit and the sort of response(s) that can be expected from the 
user being the receiver, but also the symbols and attributes forming that 
language” (Demirbilek & Sener, 2003, p. 1348). Figure 4.2 shows the 
relationship between an event or situation and thoughts, attitudes, and beliefs 
and emotions and behavior.  
 

 
 
Figure 4.2. Emotional response flow. 
 
The thoughts, attitudes, and beliefs are not separate from emotions and 
behavior, so whenever a particular event or situation occurs an emotional 
response is produced. That response is also connected to the thoughts, 
attitudes, and beliefs of the individual. This model is used to show that even 
though an emotional response is activated by an event or situation there are 
also thought, attitudes, and beliefs involved, directly or indirectly. The 



 52 

semantic content in a product is based upon two different reactions. Firstly, 
based upon socio-cultural context/discourse and, secondly, the emotional 
experience. “Emotions are not triggered by situations or events, but by our 
thoughts, beliefs, values, and attitudes” (Demirbilek & Sener, 2003, p.1349). 
Jordan (2000) explains this in the three levels of user needs, which are 
functionality, which shows that a product needs to function properly. If it does 
not function properly then it cannot be usable and if it does not have the right 
functionability it will cause dissatisfaction. For artifacts to be complete in this 
level the designer must have an understanding of what the product will be 
used for and the environment it will be used in. Usability takes into 
consideration that the first level is fulfilled. Usability is a qualitative attribute 
that assesses how easy artifacts are to use. This is defined by five 
components; learnability, efficiency, memorability, errors, and satisfaction 
(Jordan, 1998; Nielson, 1988). Pleasure is the third level and usability is a 
key component to pleasurability for without usability pleasure is hard to 
come by. The difference between usability and pleasure is that objects are not 
just usable tools, but they also are objects that one has a relationship to. 
“When product semantics is properly applied, products can become more 
emotionally and psychologically comfortable for users, with eloquent and 
expressive shapes or details, allowing them to make emotional connections 
with otherwise impersonal objects” (Demirbilek & Sener, 2003, p.1349). 
 
Emotional design 
More recent developments in intelligent environments have lead to a 
transition from usability based design to a more socially and emotionally 
focused design, there the goal is to improve people’s lives (Forlizzi et al., 
2008). This is often called experience or emotional design and has given the 
designers a more important role in the development of artifacts. User-needs 
are more complex than just to fulfill a function and be usable, people also 
want products that are fun to use, items that produce enjoyment (Norman, 
1988). Designers now need to “keep the users' psychological, social and 
emotional needs in mind” and this expanded horizon largely concerns the 
social reality, which is almost entirely symbolic in nature (Krippendorff & 
Butter, 1989). Design directed by emotional content is at the heart of design 
practices, research, and education (Demirbilek & Sener, 2003). The goal is to 
produce products that contain qualities that produce the proper emotions in 
the users. “Products that offer something extra; products become living 
objects that people can relate to; products that bring not only functional 
benefits but also emotional ones” (Jordan, 2000, p. 6). Products can empower, 
infuriate or delight, its almost like they have human characteristics. Even 
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fields of practice that were traditionally focused on function only, e.g. 
ergonomics, have realized that they need to place a greater focus upon 
emotions in product design and products (Helander & Tham, 2003). Paul 
Hekkert of the Design & Emotion Society stated that it is no longer 
interesting with good products and services since people now want 
pleasurable experiences and sensations (Demirbilek & Sener, 2003).  
 
The emotional attachment to products is what often makes them attractive. 
Attractiveness can either be psychological, physiological, or cultural and there 
are no universally attractive artifacts or products. Jordan (2000) and Norman 
(1988) describe the four pleasures, which build upon Tiger’s (1992) work 
“The Pursuit of Pleasure”. These pleasures focus upon the pleasure that is 
associated with using an artifact or product, and if it is not well fitted for the 
use then pleasure will be lacking or even turn into a disliked artifact. Physio-
pleasures pertain to the physiological needs of the user when using a product. 
Socio-pleasures deal with our relationships with others and how ones use of, 
or owning, a certain product can help or hurt the social contacts one has and 
in that way affecting ones level of pleasure. Psycho-pleasures concern the 
usability of an item. Poor usability can produce responses of frustration or 
dislike, while good usability can produce a pleasant response. Ideo-pleasures 
pertain to people’s values, tastes, and attitudes towards things. It is the ideo-
pleasures that are often affected by the aesthetic aspects of products. Through 
aesthetic products is there an emphasis or diminishing certain aspects of 
products, which help to produce a positive attitude in people towards that 
product. Simply speaking, color is used to attract certain types of customers, 
while the form attracts others. In a more advanced way are products designed 
to produce certain emotional responses in the customer (Jordan, 2000). As 
explained by Norman (1988) if a product looks easy to use then people will 
perceive it as easy to use.   
 
Harley Earl was employed by General Motors (GM) to “style” the 
automobiles, a job that is conducted by the design department today. His goal 
was to “design a car so that every time one gets into it, it’s a relief – you get a 
little vacation for a while” (Sloan, 1972, p. 324 cited in Gartman, 2004). 
Individuality was one of the most important needs that needed to be fulfilled 
for drivers (Gartman, 2004). Manufacturers no longer sell a vehicle, but a 
brand, an image, or way of life (Klein, 1999), e.g. an emotionally attractive 
product. Through this, vehicles have different meanings for different groups 
of people depending on how they want to express their identity (Gartman, 
2004). What is known now/today is that there seems to be a bond between 
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drivers and their vehicle, as shown by Sheller (2004), where people place 
emotional value to the drive in their vehicle.  
Some people see vehicles as an extension of themselves, a protective shell 
where they can be free. Thus, they are given a meaning and an identity that 
goes beyond its immediate utility “the car is produced, purchased and used 
not as an expression of class distinction or mass individuality, but as the mark 
of identity in one of a multitude of lifestyle groups, none which is necessarily 
superior to another” (Gartman, 2004, p. 191). A present design challenge is 
that because people see themselves as part of the vehicle and when an 
overcrowded environment hinders their sense of freedom they experience 
frustration and not liberation and individuality (Gartman, 2004). Today 
design departments are working on producing designs that promote the 
customers own national identity (Sheller, 2004), therefore, are vehicle models 
developed and sold with large styling differences, although the chassis are the 
same (see example with the Honda Civic in chapter 1). 
 

4.4 Design for Users 
In a design process, methods that resemble everyday activities of the 
participants should be used (Ehn, 1988) and there is a need for user studies 
because “it is now an accepted and common practice to purchase products 
whose sole purpose is to help us master products that we own, but cannot use 
properly” (Rubin, 1994). It is probably more important to find solutions for 
the user needs, hence, produce new solutions than try to adapt them to the 
user (Bødker & Buur, 2002). An important part of the design process is to 
develop products that are usable by the intended user. From a human factors 
standpoint the ISO 9241 Part 11 defines usability as “the extent to which a 
product can be used by specified user to achieve specified goals with 
effectiveness, efficiency, and satisfaction in a specified context of use.”  
 
Within the field of User-centered Design (UCD), it is emphasized that the 
user is to be satisfied based upon the wants and needs and not based on upon 
a specific technology. According to de Ruyter (2003) the role of UCD, as 
shown in the model in Figure 4.3 focuses upon four principals developed 
from Gould and Lewis (1985) user involvement, empirical measurement, 
iterative design, and multi-disciplinary teams that are used in three phases, 
concept formation, prototype development, and evaluation. The user 
involvement principal maintains that an understanding and knowledge about 
the user(s) is necessary, that an empirical measurement or validation of the 
design is required, design iterations should be used and take into account the 
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insights gained in the empirical validation, and multi-disciplinary teams 
should be used so to have a broad knowledge base of the users, technologies, 
and the context of the design problem. 
 
Three phases are shown in the center ring. This is an iterative process, which 
first begins with concept formation meaning getting to know and understand 
the market, which begins with speaking with, or learning from, leaders in the 
area of development. Since this is a part of concept development both 
common and less common sources of information are to be used to gain 
knowledge in how the participants from these markets think. Even though 
solutions are not expected from this part of the process, hints and conceptual 
ideas that could be helpful are since this is where the greatest potential for 
new aspects and concepts to come forth in the design process is. It is also 
appropriate to use surveys in this phase to gain a broad understanding of the 
user base (Rubin, 1994).  
 

 
 
Figure 4.3. The role of user-centered design in the design process (de Ruyter, 
2003).  
 
Secondly, the prototype phase contains feature or concept testing in a 
prototype. The prototype used needs to capture the essence of what is to be 
studied so that the results can be of relevance (Purpura, 2003). These types of 
usability studies are best performed in controlled conditions so that an in-
depth study can be made of the participant’s interaction with the product. 
Interviews are used to gain design input focused on how the participants 
perform their task and to assistance in developing a cognitive model (Don & 
Petrick, 2003). Then it can be determined whether a product is usable in a 
satisfactory manner to the intended users. As Purpura (2003, p. 67) states 
“usability testing is not ‘likability testing.”  
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Thirdly, the evaluation phase is when the products are evaluated, refined, and 
validated based upon the previous findings, which is when a few users are 
given an early concept or prototype of the product to test. It is not unlikely in 
this phase of the work that the previous findings are found to contradict the 
initial purpose. This all depends on how well the initial work was conducted, 
and, also, at what stage this work is on because the process can be repeated 
and conducted several times before the final solution(s) is/are acceptable. 
These field studies are completed in a realistic environment so that knowledge 
can be gained for use patterns, difficulties, and even the users attitudes to the 
product are considered (Rubin, 1994). As shown in Figures 4.2 and 4.3 the 
process is not always straight forward, new understandings, knowledge, or a 
reformulated problem can lead to the designer returning to one of the previous 
stages to learn more about problem and artifact refinement. In some instances 
is the work conducted to help develop benchmarks or standards for further 
product development or even use This is often a necessary part in the design 
process, even though, the artifact is to be the primary outcome of research-
oriented design (Fällman, 2007).   
 

4.5 User-centered methods 
According to Bødker (1991) representations do play an important role in 
design and with representations can designers externalize their design ideas 
and present them to others. This is needed because, in design, the future result 
is not yet known, but needs to be represented by something of use, which is 
called affordances in the design (Norman, 1991). Lynch (1990) shows 
representation as a scientific phenomenon: 
 

1. The stepwise process from an empirical mess to a scientific drawing 
reduces information. 

2. Representations are added features to clarify, complete, extend, and so 
on the complete state of specific, unique phenomenon represented. 

3. The “representers” apply generic pedagogy as well as abstract 
theorizing, moving the representation toward the essential and typical 
and away from the specific and unique. 

 
To develop something new in design is not only a stepwise refinement, nor is 
it a decomposition of complex problems into solvable ones (Langefors, 1966). 
Brown and Duguid (1994) speak about the affordance side and the resistance 
side of a design representation as being equally important and the context of 
use needs to be established. Prototypes are representations that should contain 
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the necessary affordances, but being abstract enough so that the users can 
reflect upon its use. Even though Bødker (1998) does not consider 
representations to be prototypes these types of representations are necessary, 
because in design nobody can do everything, thus, the ideas need to be 
correctly communicated by the designer to the users and/or developers. Since 
specific design procedures are not even used successfully by their inventors 
(Jones, 1970) less formal methods are used to assist designers (Löwgren & 
Stolterman, 1999), such as sketching, which is also considered to be a type of 
prototyping (Fällman, 2003) just as modeling and visualization are. The 
purpose of a prototype in the design process is to communicate with the 
potential users and its fidelity is used to highlight different parts in the 
dialogue with the designers and users (Houde & Hill, 1997). 
 
Prototypes 
The prototypes are a representation of something else, a product or artifact 
that is in the design process. A prototype signifies a specific type of object 
used in the design process (Lim et al., 2008), which focuses on actively 
engaging the users in exploring design ideas. It is necessary for the designer 
to give the users a prototype, in which, both can understand its meaning. 
Prototypes are means for design in the development process to discover 
problems and exploring solution directions (Lim, et al., 2008). From that 
point is the designer responsible to what the prototype means for the user in a 
given context. The primary strength of a prototype is said to be its 
incompleteness. It is a mean to exploring idea qualities without building a 
copy of the final design. Prototypes in this context are of generative and 
evaluative discovery. The most efficient prototypes are the most incomplete 
that still represents the qualities the designers want to explore. People have to 
externalize their ideas so that the world can speak back to them by expressing 
the ideas properly, others can then begin to understand and give feedback 
(Schön, 1987).  
 
According to Lim et al. (2008) the manifestations of the design in a prototype 
can be expressed in any material or form but a prototype cannot give relevant 
information about certain aspects of a design if those aspects are not 
manifested since they cannot be experienced, thus “the materials used, the 
level of resolution, and the covered scope do significantly matter” (p. 22). 
Lim et al. (2006) found that problems in the design itself were due to the 
limitations in the prototypes themselves and the purposes for which 
prototypes are used. The purpose of prototypes is to articulate what is desired, 
help the users to be introspective, stimulate innovation, and assist in value 



 58 

creation. Schrage (2000) states that the advantage of prototypes is that they 
help produce both explicit and implicit responses and the most useful 
prototypes are those that assist in producing the most useful and important 
choices, helping in creating a conversation with the user. “You can’t invent 
the future without first prototyping it” (Schrage, 2000, p. 29-30).  
 
Thus, prototypes are used for (1) evaluation and testing, (2) understanding of 
user experience, needs, and values, (3) idea generation, and (4) 
communication among designers (Lim et al., 2008). There is confusion in the 
use of the term prototype since different fields use the term prototype to 
describe different uses of a prototype in the design process. Proof-of-principle 
prototypes are used to test a potential design approach to identify which 
design option, or rather a specific part of the design, will, or will not, work. 
The form study prototypes are often produced without specific details and are 
used by designers to gain insight about the form or shape of the product. A 
visual prototype is used to capture the aesthetic qualities and simulate the 
appearance of an object, but does not necessarily contain the functions of a 
finished product. Finally, the functional prototype or working prototype is to 
simulate how the actual product would be used. It is not necessary to 
differentiate between the different types of representations, but they can all be 
called prototypes. The discussion of fidelity in prototypes is essential, because 
it is a matter of cost. There are benefits to a low-fidelity prototype as with a 
high-fidelity prototype, depending how far into the design process the project 
is and whether the prototype(s) will be used for exploration or design 
evaluation (Lim et al., 2008). Both low- and high-fidelity prototypes can be 
used for different dimensions in the design process (McCurdy, Connors, 
Pyrazk, Kanefsky, & Vera, 2006) and are equally suitable for usability issues 
(Virzi, Sokolov, & Karis, 1996). A low fidelity prototype could be 
represented as a sketch or a picture, while a high-fidelity could be represented 
by, for instance, a full-scale driving simulator depending on the representation 
at hand and the object of study. 
 
The standpoint of user-centered design is that the designer uses the feedback 
and knowledge of the user to analyze the different steps in the design process, 
especially in the analysis of prototypes. An important factor is ability to 
understand the role of semantics in the design process and how they can be 
used to produce a correct emotional response in potential users. 
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5.1 Introduction 
The trend today is to produce automobiles that have exciting systems, which 
enhance the users’ experience. However, not much consideration has been 
taken to the fact that these also usually increase the risk for distractions 
(Ashley, 2001; Wogalter & Leonard, 1999). Information that is presented to 
the driver consists of warnings, General Driver Information (GDI), and In-
Vehicle Technologies (IVT). Warnings that are presented to the driver can 
consist of information that is to alert the driver of situations that could be 
harmful for either the motor vehicle itself, its passengers, and/or the 
environment outside of the vehicle. Some examples of warnings for 
mechanical failure are, engine overheating, Anti-Lock Brake System (ABS) 
failure, low fuel level, oil pressure failure, etc. Reminders that also can be 
included within this group are seatbelt unbuckled, door ajar, parking brake 
engaged, etc. 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. Items that are 
considered to be GDI present information that the driver uses either before 
they begin their drive, during the drive to complete it safely, or after the drive 
to prepare for the next drive. These items include vehicle speed, fuel level, oil 
pressure level, engine speed, cruise control status, multimedia, climate control 
status, clock, etc. These group’s lists are not mutually exclusive, but are given 
as a clarification of how these terms are defined in this study. From a user 
design perspective the presentation of information should be based upon how 
the user experiences the information and its location and if they fulfill the 
intended purpose. 
 
Vehicle laws determined by international standards organizations, e.g. 
European Automobile Manufacturers Association (EAMA), United States 
Department of Transportation (USDOT), Japanese Automobile Manufacturers 
Association (JAMA), etc., already control much of this information. For 
example, a speedometer is required by law and it needs to be located in a 
position there it is easily noticed and warnings need to follow International 
Standards Organization (ISO) recommendations of size, color, contrast, and 
location (Campbell, et al., 2004). The automobile industry also produce their 
own recommendations and standards, which they follow to help both 
themselves and the national organizations in assuring that the motor vehicles 
produced do qualify as safe. To give themselves some freedom, vehicle 
manufacturers also produce their own recommendations, which they follow 
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so that they can develop new methods, designs, and systems without being 
hindered by, for instance, SAE Recommended Practices (2003). This also 
includes the location placement of warnings and GDI. Regulations do not 
require this information to be placed in one specific location, but the 
recommendations do prescribe how the drivers should be able to notice and 
use the information while driving. As for vehicle speed and warnings the 
recommendations are no more specific than that they must be placed in an 
easy to notice location.  
 
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. As Bishop (2005) 
stated new technologies must be human centered. In designing and 
developing in-vehicle information systems it is important to choose the 
correct object of study as well as the correct user (Frantz, Rhoades, & Lehto, 
1999). 
 
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 IVT’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 crash risks 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, not 
increase distraction to enhance the safety in the traffic environment. 
 
Traditionally driver information is presented in the HDD, which is found 
roughly from 20° to 25° below the center of the drivers’ line of sight. This 
means that the HDD is found within the peripheral vision, but the driver 
needs to turn his/her head to see and read the information (Green, 2007). For 
small amounts of information, such as vehicle speed, this is quickly done and 
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interpreted so the driver quickly can return to scanning the traffic scene. The 
HUD location, which is found from about 5° to 15° below the center line of 
sight presents information closer to the parafoveal eccentricity, where the 
driver quickly can look at the information without glancing away from the 
traffic scene. The High-up Centerstack (HCS) location can also be placed 
higher up on the dashboard, closer to 15° below the line of sight and about 
30° towards center of the vehicle, and used to present more complex 
information at a level the driver can read while keeping foveal acuity of the 
traffic scene. Finally, the Center-Stack display (CS), which traditionally 
contains climate controls and multimedia controls, is located furthest from the 
line of sight, roughly 30° to the center of the automobile from the driver and 
more than 25° below the line of sight. Attending to this placement requires a 
total loss of vision to the traffic scene (Wittmann et al., 2006).  
 
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 et al., 2006). Even when visual 
attention is focused on onboard displays, road control can still be maintained 
if 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 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 (Figure 5.1) for 
warnings should be tested so that the driver can experience how IVTs can be 
responded to in different traffic situations. 
 

    
 
Figure 5.1. Two examples of high-end automobiles; a 2010 BMW 
(bmw.com, n.d.) on the left and 2011 Lexus (lexus.com, n.d.) on the right. 
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As IVT’s 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 
therefore it is necessary to design human-machine interfaces that make easy 
and safe interactions possible (Roessger & Hoffmeister, 2003) and too 
produce policies for manufactures that are more driver focused. IVT’s are 
systems that can be useful in critical situations, but they are slowly being 
implemented in common automobiles, therefore, many are unaware of their 
advantages. Nor are the systems designed to prevent collisions completely, 
but instead to help the driver reduce the risks for them.  
 
To determine what motivates consumers and how they value products can be 
a challenge (Wilson, 2003) and this becomes even more complex and 
challenging when considering multiple, international markets. Even though 
this is recognized internationally, its effect on people’s perceptions and their 
behavior may vary in different cultures (Overby, Woodruff, & Gardial, 2005). 
Organizations that respond appropriately to the needs of the markets will have 
a significant advantage, i.e. plan globally, but adapt to local conditions 
(Kefalas, 1998; Tai & Wong, 1998). Another aspect is that different markets 
also can be found in different environmental zones.  
 
Consequently, cultural diversity remains a highly influential factor in 
international business (Overby et. al., 2005) and since national cultures 
“dwarf” the differences between regions and within-national groups it is 
important to study them (Schwartz & Ros, 1995; Smith & Bond, 1993; Smith 
& Schwartz, 1997) due to the fact that national culture has been shown to 
significantly influence consumer decision making (Briley, Morris, & 
Simonson, 2000), intentions (Bagozzi, Wong, Abe, & Bergami, 2000), 
persuasion (Aaker, 2000), and product attribute importance (Tse, Wong, & 
Tan, 1988). In addition to holding cultural values, societies utilize cultural 
norms to regulate behavior amongst their members. These norms are rules 
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and behaviors that are approved by one’s group or society (Fisher & 
Ackerman, 1998). Unlike cultural values, cultural norms are context specific, 
because they specify what group members should, or ought to, do within a 
specific situation or role (Berry, 1993; Cialdini, Kallgren, & Reno, 1991; 
Fisher & Ackerman, 1998). In trying to understand cultural differences we 
need to understand that consumers from different cultures may purchase 
similar products and services, but this does not necessarily imply that the 
culture’s influence on product/service purchase and use are similar. People 
may utilize the same product and service features for very different reasons 
(Aaker & Maheswaran, 1997; Bagozzi & Dholakia, 1999). 

5.1.1 Aim 
The purpose of this study was to find out if there were cultural differences in 
the Chinese, Swedish, and US markets’ preferences concerning warnings, 
general driver information, and in-vehicle technologies. The specific research 
questions were: 
1. Where do drivers in the three different markets choose to place warnings, 

general driver information, and in-vehicle technologies? Based upon the 
HUD, HDD, HCS, or CS locations?  

2. What are the specific differences for warnings, general driver information, 
and in-vehicle technologies based upon the ratings? 

3. How can results for the HUD, based upon preferences and placement 
locations, be used to further develop the placements of warnings and 
general driver information? 

 

5.2 Method 

5.2.1 Participants 
Three hundred and ninety-eight participants, ages 16 to 69 years, were 
recruited from three different markets, China (167), Sweden (142), and US 
(89). There were 202 females and 196 males. Ninety-two percent had a 
drivers license and their average driving experience was 4.95 (SD = 6.01) 
years. Of the 167 Chinese participants 61% were female, their average age 
was 32.6 (SD = 6.98), 99% had a driver’s license, and they had 5.6 
(SD = 4.17) years driving experience. Of the 142 Swedish participants were 
28% female, average age was 22 (SD= 6.05), 81% had a driver’s license, and 
they had 3.45 (SD = 5.55) years of driving experience. Of the 89 US 
participants were 61% female, average age was 23 (SD = 9.06), 97% had a 
driver’s license, and they had 6.12 (SD = 8.89) years driving experience. 
College students were chosen as respondents since they have been shown to 
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maintain the same values as the general population (Schwartz, 2006). 
However, they also tend to be, because of their age, lesser experienced drivers 
and more likely to buy a new automobile than their peers since they are more 
likely to work in higher paying jobs after graduation, as well as are more open 
and accepting to new and different ideas, for instance, in the vehicle 
environment. 

5.2.2 Materials 
The questionnaire was developed, tested, and revised for understandability 
and consistency. The questions were given, and answered, in the respondents 
native language to, thus, reach the respondents native cultural mind-set 
(Whorf, 1956; Witkowski & Brown, 1982). Back-translation as prescribed by 
Werner and Campbell (1970) was used to test the questions for correctness in 
the Swedish version. The Chinese questionnaire was translated from English 
through an iterative parallel translation process by several bilingual 
researchers. The different versions were compared and a final version was 
completed using agreed upon results. The questionnaire included an 
introduction to the project and its purpose. It also ensured the respondents of 
confidentiality. The respondents were asked to “imagine yourself in the act of 
buying a new private vehicle” and rate the level of importance to given 
statements on graphical scales ranging from 1 “not at all true” to 7 “very 
true”. Each of the questions, concerning warnings, had an ISO standard 
warning (Figure 5.2) icon and a short text explaining the type of warning.  
 

 
 

Figure 5.2. Example of warning telltale shown in the questionnaire. 
 
The basis for the study was grounded on interviews with informants (Human-
Machine Interaction experts) from two automobile manufacturers as well as 
creative concept generating with engineering design and engineering 
psychology students, in five separate groups. Moreover, consultation with 
automotive experts and researchers in design and engineering psychology 
were also conducted to help design the requirements for a questionnaire based 
upon types of information presented to drivers from the instrument panels 
displays. This information was broken down into three groups, warnings, 
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which warned for items that needed an immediate response, GDI, which 
presented information that help the driver to maintain a consistent 
understanding of the vehicles status from motor temperature to the telephone, 
andIVTs, which help the driver preventing crashes and gaining detailed 
information from the vehicles systems. Altogether, there were 45 questions 
concerning these types of information in the questionnaire (Table 5.1). 
 
Table 5.1 
Items of warnings, GDI, and IVTs used in the questionnaire. 
 

Warnings 
General Driver 

Information IVTs 

Low washer fluid Speedometer Excessive speed status 
Engine 
temperature Fuel level Lane change help 

Low fuel Oil pressure level 
Road image at night or poor 
weather conditions 

Engine stall Tachometer External speed control 

Electrical failure Trip computer Parking helps 

Oil pressure Outside temp Road hinders image 

ABS failure Clock Navigator 

Tire pressure Cruise control 
Adaptive Cruise Control 
(ACC) 

Charging system Multimedia Adjustable display 

Door ajar Phone Sport shift help 

Airbag Climate  Economy shift help 

Parking brake Scrollable menu Video of passengers 

Service engine Which light is 
malfunctioning Econo-meter 

Poor driving 
conditions 

Buckle seatbelt 
reminder Advanced menu 

Malfunctioning light Which door is ajar Advanced menu options 

 
 
All the information had a text explaining their function in each question. A 
complementary question asked the subjects to choose, out of four placements, 
where they preferred that the information in question should be placed. The 
choices were a head-up display (HUD) on the windshield, a head-down 
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display (HDD) behind the steering wheel on the dashboard, an Infotainment 
area (HCS) 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 5.3). It was also stated that the 
participants were to “Remember that information placed in the windshield 
(HUD) is transparent and would not impair your vision”. 
 

 
 
Figure 5.3. Different display positions for onboard information presentation. 
 

5.2.3 Procedure 
Without avail attempts were made to reach Chinese college students with 
knowledge of how to use an automobile. Therefore, Chinese drivers from 
Beijing were recruited and given the questionnaire by employees of the 
Chinese Institute of Psychology. All, except for one, were licensed drivers. Of 
them did 58 taxi drivers and 109 private vehicle owners accept to participate 
in the study. The Swedish and US respondents were chosen from universities 
in the cities of Luleå and West Palm Beach, FL. Their course leaders 
approached them and all complied to participate in the study. The Swedish 
and US questionnaires were given to randomly chosen university teachers in 
randomly chosen fields of study to administer in the classroom. 

5.2.4 Data analysis 
For warnings, GDI, and IVTs was the data analyzed and means, standard 
deviation, and percentages that chose the most preferred display are 
presented. A PCA was completed for each of the warning, GDI, and IVT 
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groups. For discussion purposes were 1-3 on the graphical scale rated as not 
important, 4-5 as important, and 6-7 as very important. 
 

5.3 Results – Warnings 
The three markets chose almost all the warnings to be located in the HDD. 
The majority of, and the most important, warnings were placed in the HDD. 
A few warnings were placed in the HCS. The PCA groupings showed that the 
most important dealt with driving critical functions, followed by less driving 
critical, and finishing with warnings for maintenance items. 

5.3.1 China 
Table 5.2 shows that 13 of 15 warnings were placed in the HDD. The warning 
engine temperature was rated as the most important and low washer fluid was 
rated as the least important. The HUD was chosen as the location for low 
washer fluid and it was rated as least important of all the items. The other 
location outside the HDD was the HCS for service engine and poor driving 
conditions. It is possible that the drivers perceived these two warnings as 
being out of the ordinary, thus, placing them outside of the HDD. Only four 
of the warnings were chosen to be located in the HDD with over 50% of the 
participants support. This shows that the Chinese participants were not in 
strong agreement on where the warnings were to be located. Overall, the 
items rated as most important were placed in the HDD, lesser importance in 
the HCS, and least important in the HUD. 
 
Principal Component Analysis 
Table 5.2 contains the 15 items concerning warnings presented and Table 5.3 
shows the results of the Principal Component Analysis (PCA). The four 
components explained 56% of the variance. In order of importance, from 
most to least, Component 3 consisted of warnings pertaining to Serious 
Failures, Component 1 of warnings that were considered Driving Critical, e.g. 
dealing with items that most often need attention before the drive, Component 
2 of warnings pertaining to Safety, and Component 4 consisted of warnings 
that remind the driver about items of Maintenance needed to be attended to in 
the near future. The first two components had a strong internal consistency, 
while the second two had a moderate internal consistency. 
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Table 5.2 
Mean (M), standard deviation (SD) of ratings of warnings, and percent (%) of 
Chinese respondents that selected the most common display (Scale 1-7). 
 

Preferred 
Display 

Specific 
Warning M SD % 

HUD Washer fluid 3.55 1.488 32 

HDD 

Engine temp. 6.07 1.109 60 
Low fuel 5.96 1.456 68 
Engine stall 5.95 1.518 62 
El. failure 5.80 1.122 45 
Oil pressure 5.52 1.409 64 
ABS failure 5.51 1.528 43 
Tire pressure 5.40 1.331 38 
Charging system 5.39 1.439 43 
Door ajar 5.29 1.568 40 
Airbag 5.11 1.668 33 
Parking brake 5.08 1.594 44 
Malf. light 4.94 1.532 42 

HCS Service engine 5.02 1.481 40 
Poor conditions 4.38 1.597 37 

 
 
Table 5.3 
PCA of warnings and mean ratings (M) for warnings and components 
(N = 167) for the Chinese group. 
 

Component 1 Component 2 Component 3 Component 4 
Driving 
Critical M Safety M 

Serious 
Failures M Maintenance    M 

Door ajar 5.29 ABS failure 5.51 Motor temp 6.07 Washer fluid 3.55 
Motor stall 5.95 Airbag failure 5.11 Oil pressure 5.52 Tire pressure 5.40 
Malf light 4.94 Poor conditions 4.38 El failure 5.80   
Service 5.02 Charging system 5.39 Low fuel 5.96   
Parking brake  5.08       
M 5.26  5.10  5.84   4.48 
Chronbach α .718  .722  .517  .450 
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5.3.2 Sweden 
Table 5.4 shows that 14 of 15 warnings were placed in the HDD and the 
warnings were perceived as important, except for engine stall, which was 
rated as not so important. The participants perceived low fuel level as the most 
important specific warning and engine stall as the least important specific 
warning. The items rated as most important were placed in the HDD and one 
of lesser importance was placed in the HCS. 
 
Table 5.4 
Mean (M), standard deviation (SD) of ratings of warnings, and percent (%) of 
Swedish respondents that selected the most common display (Scale 1-7).  
 

Preferred 
Display Specific warning M SD % 

HDD 

Fuel level 6.26 1.281 71 
Engine temp 6.08 1.124 58 
Oil pressure 5.99 1.309 64 
ABS failure 5.85 1.406 58 
Parking brake 5.27 1.572 56 
Electrical failure 5.18 1.452 48 
Charging system 5.24 1.463 60 
Airbag 4.98 1.701 43 
Service engine 4.53 1.623 48 
Poor conditions 4.52 1.817 40 
Tire pressure 4.30 1.561 52 
Malf light 4.26 1.547 48 
Washer fluid 4.01 1.698 68 
Engine stall 2.85 1.944 52 

HCS Door ajar 4.29 1.666 37 

 
Principal Component Analysis  
Table 5.4 contains the 15 items concerning warnings presented and Table 5.5 
shows the results of the PCA. The four components explained 61% of the 
variance. However, low fuel was removed, because it produced a fifth factor 
and the five factors explained 64% of the variance, when 4 components were 
chosen the low fuel loaded equally on all four components. In order of 
importance, from most to least, Component 1 consisted of warnings 
pertaining to Serious Failures, Component 4 of warnings that were considered 
Driving Critical, Component 2 of warnings pertaining to items that Need 
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Attention, and Component 3 consisted of warnings that remind the driver 
about items of Maintenance. The first component had a strong internal 
consistency, while the last three had a moderate internal consistency.  
 
Table 5.5 
PCA of warnings and mean ratings (M) for warnings and components 
(N = 142) for the Swedish group. 
 
Component 1 Component 2 Component 3 Component 4 
Serious Failures 

M 
Need Attention 

                       M 
Maintenance 

                   M 
Driving 
Critical   M 

Motor temp. 6.08 Poor condition  4.52 Motor stall 2.85 Brake 5.27 
Charging system 5.24 Tire pressure 4.30 Malf. light 4.26 Door ajar 4.29 
ABS failure 5.85 Washer fluid 4.01 Service 4.53   
Airbag failure 4.98       
Electrical 5.18       
Oil pressure 5.99       
M 5.56  4.27   3.88  4.78 
Chronbach α .800  .533  .540  .492 

 

5.3.3 USA 
Table 5.6 shows that 14 of the 15 warnings were placed in the HDD and the 
warnings were all perceived as important. Only one warning, poor conditions, 
rated as moderately important, was placed in the HCS location. The 
participants perceived fuel level as most important and malfunctioning light 
and washer fluid as less important.  
 
Principal Component Analysis 
Table 5.6 contains the 15 items concerning warnings presented and Table 5.7 
shows the four components of the PCA, which explained 64% of the variance. 
From most to least important, Component 1 warned for Serious Failures, 
Component 4 Driving Critical items, Component 2 for items that Need 
Attention, and finally, Component 3 warned for items that need Maintenance.  
The first three components showed a very strong internal consistency, while 
component 4 showed a moderately strong consistency. 
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Table 5.6 
Mean (M), standard deviation (SD) of ratings of warnings, and percent (%) of 
US respondents that selected the most common display (Scale 1-7). 
 

Preferred 
Display Specific warning M SD % 

HDD 

Fuel level 6.66 .753 70 
Engine temperature 6.00 1.279 66 
Oil pressure 5.49 1.407 67 
ABS failure 5.47 1.652 53 
Service engine 5.41 1.566 68 
Charging system 5.38 1.648 59 
Tire pressure 5.35 1.455 42 
El failure 5.26 1.572 40 
Parking brake 5.03 1.592 56 
Airbag 4.87 1.687 39 
Engine stall 4.71 1.798 60 
Door ajar 4.39 1.841 52 
Malf light 3.64 1.737 29 
Washer fluid 3.33 1.587 50 

HCS Poor conditions 4.34 1.712 41 
 
Table 5.7 
PCA of warnings and mean ratings (M) for warnings and components 
(N = 89) for the US group. 
 

Component 1 Component 2 Component 3 Component 4 
Serious Failures 

 M 
Need Attention  
                              M 

Maintenance 
                          M 

Driving 
Critical 

 
M 

Oil pressure 5.49 Motor stall 4.71 Washer fluid 3.33 Fuel level 6.66 
Motor temp 6.00 Electrical 5.26 Malf. light 3.64 Brake 5.03 
Charging system 5.38 Poor condition  4.34 Tire press 5.35 Door ajar 4.39 
ABS failure 5.47   Service 5.41   
Airbag failure 4.87       
        
M 5.44  4.78  4.43  5.36 
Chronbach α .825  .737  .698  .518 
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5.4 Results – General Driver Information 
Overall, the most important items were placed in the HDD, followed by the 
HCS, and CS. The PCA groupings resulted in components that dealt with 
Operation, which were most important, while items of Comfort were least 
important for the Chinese and US and minor safety information was least for 
the Swedish. 

5.4.1 China 
In Table 5.8 items necessary to maintain safe vehicle travel were rated as 
most important and were chosen to be placed in the HDD, while items that 
help the driver to survey less noticeable conditions were chosen to be placed 
in the HCS location, and items rated as of least importance, e.g. multimedia, 
were placed in the CS. 
 
Table 5.8 
Mean (M), standard deviation (SD) of ratings of GDI, and percent (%) of 
Chinese respondents that selected the most common display (Scale 1-7). 
 

Preferred 
Display Specific GDIs M SD  % 

HDD 

Speedometer 5.66 1.472 78 
Fuel 5.41 1.569 64 
Oil press 5.10 1.385 49 
Tachometer 5.02 1.505 65 
Which door ajar 4.74 1.712 34 
Trip computer 4.60 1.636 33 

HCS 

Which malf light 4.71 1.494 40 
Seatbelt 
reminder 

4.22 1.824 31 

Scrollable menu 4.10 1.570 41 
Cruise control 3.85 1.352 37 

CS 

Multimedia 4.14 1.759 49 
Phone 3.77 1.568 46 
Climate  3.59 1.424 46 
Outside temp 2.89 1.452 43 
Clock 2.62 1.717 33 
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Principal Component Analysis 
Table 5.8 contains the 15 items concerning GDI presented and Table 5.9 
shows the results of the PCA. The four components explained 61% of the 
variance. The components rated from most to least important were 
Component 2, which consisted of items of vehicle Operation, Component 1, 
which consisted of items that driver have to attend to before the drive (Pre-
Driver), Component 4, consisted of items of Extra Information, and, finally, 
Component 3 consisted of Comfort systems. The first three had a relatively 
strong internal consistency, while the fourth a low consistency. 
 
Table 5.9 
PCA of GDI and mean ratings (M) for GDI and the components (N = 167) for 
the Chinese group. 
 

Component 1 Component 2 Component 3 Component 4 
Pre-Drive            M Operation           M Comfort           M Extra Info      M 
Outside temp 2.89 Fuel level 5.41 Phone status 3.77 Seatbelt 

status 
4.22 

Climate status 3.59 Tachometer 5.02 Trip 
computer 

4.60 Scrollable 
menu 

4.10 

Clock 2.62 Speedometer 5.66 Multimedia 4.14   
Which door 4.74 Oil pressure 5.10     
Cruise control 3.85       
Which light 4.71       
M 4.21  5.53  4.10  4.13 
Chronbach α .760  .696  .602  .350 

5.4.2 Sweden 
Table 5.10 shows that the items relating to the physical forward travel of the 
vehicle were rated as most important and placed in the HDD, while items of 
comfort and safety were placed in the HCS, and items that related the more 
personal nature of the driver were placed in the CS. Overall, the items were 
all rated as important with the exception of phone status and at least 50% of 
the participants agreed upon the specific locations. Overall, the items that 
were rated as most important were placed in the HDD, as of lesser importance 
in the HCS, and of least important in the CS. 
 
Principal Component Analysis 
Table 5.10 contains the 15 items concerning warnings presented and Table 
5.11 shows the results of the PCA. The four components explained 58% of 
the variance. All had a strong internal consistency. The components were, 
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from the most to the least important, Component 4, which pertained to items 
that related to the mechanical Operation, Component 1 to Comfort, 
Component 3 to items of Extra Information that could help the driver plan the 
trip, and Component 2 pertained to minor Safety information. 
 
Table 5.10 
Mean (M), standard deviation (SD) of ratings of GDI, and percent (%) of 
Swedish respondents that selected the most common display (Scale 1-7). 
 

Preferred 
Display Specific GDIs M SD % 

HDD 

Speedometer 6.56 .863 59 
Fuel 6.22 1.134 80 
Tachometer 5.20 1.526 73 
Oil press level 4.97 1.585 75 
Cruise control 4.30 1.733 62 

HCS 

Trip computer 4.96 1.812 57 
Climate status 4.68 1.662 50 
Clock 4.65 1.861 64 
Outside temp 4.42 1.67 51 
Scrollable menu 4.39 1.847 54 
Which malf. light 4.28 1.744 48 
Seatbelt reminder 3.79 2.160 38 
Which door ajar 3.96 1.703 40 

CS Multimedia 4.31 1.903 50 
Phone status 2.73 1.634 52 

 
Table 5.11 
PCA of GDI and mean ratings (M) for warnings and components (N = 142) 
for the Swedish group. 
 

Component 1 Component 2 Component 3 Component 4 
Comfort               M Safety             M Extra Info      M Operation           M 
Climate status 4.68 Seatbelt 

reminder 
3.79 Scrollable 

menu 
4.39 Oil pressure 4.97 

Multimedia 4.31 Door ajar 3.96 Trip computer 4.96 Tachometer 5.20 
Clock 4.65 Malf light 4.28 Phone status 2.73 Speedometer 6.56 
Outside temp 4.42     Fuel level 6.22 
Cruise control 4.30      
M 4.46  4.01  4.04  5.74 
Chronbach α .750  .674  .728  .588 
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5.4.3 US 
Table 5.12 shows that the GDIs, were overall, rated as important, that seven 
of 15 items were placed in the HDD, and for nine of the 15 items were at least 
50% the participants in agreement over the particular location. Items that help 
the driver supervise the automobile’s mechanical functions and passenger 
safety were placed in the HDD, items that give visual feedback were chosen 
to be placed in the HCS, and items that can be used without any visual 
supervision, e.g. climate status and phone status were placed furthest from the 
line of sight in the CS.  Multimedia status was evenly split between the HCS 
and CS locations.  
 
Table 5.12 
Mean (M), standard deviation (SD) of ratings of GDI, and percent (%) of US 
respondents that selected the most common display (Scale 1-7). 
 

Preferred 
Display Specific GDIs M SD % 

HDD 

Fuel level 6.40 1.074 71 
Speedometer 6.35 1.244 78 
Oil press level 5.20 1.516 68 
Tachometer 4.63 1.708 70 
Cruise control 4.54 1.560 68 
Which door ajar 4.52 1.746 40 
Seatbelt reminder 3.85 2.031 38 

HCS 

Clock 5.61 1.564 60 
Trip computer 4.62 1.862 47 
Scrollable menu 4.45 1.828 55 
Multimedia status 4.29 1.973 38 
Outside temp 4.04 1.777 57 
Which malf light 3.94 1.841 41 

CS 
Climate status 4.36 1.863 47 
Multimedia status 4.29 1.973 38 
Phone status 3.53 1.828 50 

 
Principal Component Analysis 
Table 5.12 contains the 15 items concerning GDIs presented and Table 5.13 
shows the results of the PCA. The four components explained 70% of the 
variance. All four components showed a relatively strong internal 
consistency. The components listed, from the most important to the least 
important were Component 3, which pertained to items necessary for safe 
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vehicle Operation, Component 4 to Extra Information that help the driver in 
the trip, Component 2 pertained to minor Safety information, and Component 
1 pertained to items of Comfort. 
 
Table 5.13 
PCA of GDI and mean ratings (M) for GDIs and components (N=89) for the 
US group. 
 

Component 1 Component 2 Component 3 Component 4 
Comfort              M Safety                  M Operation         M Extra Info       M 
Climate status 4.36 Which malf light 3.94 Speedometer 6.35 Trip 

computer 
4.62 

Phone status 3.53 Which door ajar 4.52 Fuel level 6.40 Scrollable 
menu 

4.45 

Outside temp 4.04 Oil press level 5.20   Tachometer 4.63 
Multimedia 4.29 Seatbelt reminder 3.85     
Cruise control 4.54       
Clock 5.61       
M 4.39  4.40  6.38  4.57 
Chronbach α .815  .681  .895  .744 

 

5.5 Results – In-Vehicle Technologies 
The ratings of IVT items were not based directly on their relation to the 
criticality of the drive, like it was for warnings and GDI. For the Swedish and 
US participants items that helped prevent crashes were placed in the HUD, 
while items placed in the HDD dealt with speed information, and items that 
presented more complex information, e.g. navigator and menu systems were 
placed in the HCS. The Chinese chose menu information to be placed in the 
CS. 

5.5.1 China  
Overall, the IVT’s were perceived as important (Table 5.14). The HCS 
location was the most common location chosen, containing items that 
pertained to safe navigation, only one item, excessive speed indicator, was 
chosen to be placed in the HDD, and information relating to safe navigation 
was chosen to be placed in the HCS location. Items of most importance were 
placed in the HDD and HCS and those of lesser importance in the CS. 
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Table 5.14 
Mean (M), standard deviation (SD) of ratings of IVTs, and percent (%) of 
Chinese respondents that selected the most common display for each IVT 
(Scale 1-7). 
 

Preferred 
Display 

Specific 
IVTs M SD % 

HDD Excessive speed 5.21 1.418 46 

HCS 

Lane chg help 5.36 1.534 44 
Road image 5.28 1.488 34 
Ext speed control 5.17 1.434 40 
Parking helps 4.79 1.759 41 
Road hinders image 4.68 1.592 35 
Navigator 4.57 1.666 50 
ACC 4.40 1.540 42 
Adjustable display 4.31 1.455 41 
Sport shift 4.18 1.518 46 
Economy shift 4.14 1.352 40 
Video of passengers 3.95 1.752 52 

CS 
Econo-meter 3.96 1.682 37 
Adv. menu 3.40 1.591 41 
Adv. menu options 3.72 1.536 34 

 
 
Principal Component Analysis  
Table 5.14 contains the 15 items concerning IVTs presented and Table 5.15 
shows the results of the PCA. The three components explained 59% of the 
variance. The components were from the most important to the least 
important Component 3, which contained items relating to Speed Control, 
Component 2, which contained items that help the driver maintain Safe 
Navigation, and, Component 1, which contained Extra Helps such as 
advanced display, advanced menu, advanced options, and shifting helps. The 
first component had a moderate internal consistency, while the remaining two 
had a high internal consistency. 
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Table 5.15 
PCA of IVTs and mean ratings (M) for IVT’s and the components (N = 167) 
for the Chinese group. 
 

Component 1 Component 2 Component 3 
Extra Helps               M Safe Navigation      M Speed Control   M 
Adv. menu 3.40 Navigator 4.57 Excessive speed 5.21 
Adv. options 3.72 Parking helps 4.79 Ext speed control 5.17 
Econo-meter 3.96 ACC 4.40   
Economy shift 4.14 Road image 5.28   
Adj display 4.31 Lane chg help 5.36   
Sport shift 4.18 Road hinders 4.68   
M 3.96  4.85  5.19 
Chronbach α .838  .832  .630 

 

5.5.2 Sweden 
The IVT’s were perceived as being not important to important. In Table 5.16 
it is shown that the items used to prevent accidents were rated of most 
importance and were placed in the HUD. Items that help the driver travel 
effectively were placed in the HDD, and, finally, items that contained more 
complex information and extra helps were placed in the HCS. 
 
Principal Component Analysis 
Table 5.16 contains the 15 items concerning IVTs presented and Table 5.17 
shows the results of the PCA. The three components explained 63% of the 
variance. Video of passengers was removed due to a low communality of 
.335. All the components had a strong internal consistency and were, from the 
most important to the least important Component 1, which contained items 
that help the drivers with Safe Navigation, Component 3, which contained 
items that help the driver maintain a Safe Forward Travel, and Component 2, 
which contained items that give Extra Help.  
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Table 5.16 
Mean (M), standard deviation (SD) of ratings of IVTs, and percent (%) of 
Swedish respondents that selected the most common display for each IVT 
(Scale 1-7). 
 

Preferred 
Display 

Specific 
IVTs M SD % 

HUD 
Parking helps 4.20 1.959 43 
Lane chg help 4.09 2.000 41 
Road image 4.08 1.908 44 

HDD 

Economy shift 4.14 1.832 49 
ACC 3.89 1.956 30 
Sport shift 3.35 1.989 41 
Excessive speed 3.34 2.052 38 
Ext speed control 3.32 1.916 41 
Road hinders image 3.04 1.808 39 

HCS 

Navigator 4.19 1.728 69 
Adjustable display 3.78 1.857 42 
Adv. menu options 3.68 1.983 47 
Econo-meter 3.21 1.767 38 
Adv. menu 3.14 1.776 53 
Video of passengers 2.56 1.857 43 

Table 5.17 
PCA of IVTs and mean (M) ratings for IVT’s and components (N =142) for 
the Swedish group. 
 

Component 1 Component 2 Component 3 
Safe Navigation      M Extra Helps          M Safe Fwd Travel   M 
Road hinders image 3.04 Adv. menu 3.14 Excessive speed 3.34 
Road image 4.08 Adv. menu options 3.68 Ext speed control 3.32 
Parking helps 4.20 Adjustable display 3.78 Lane chg help 4.09 
Sport shift 3.35 Econo-meter 3.21 ACC 3.89 
Navigator 4.19     
Economy shift 4.14     
M 3.84  3.41  3.64 
Chronbach α .810  .844  .788 
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5.5.3 USA 
Ten of the 15 IVTs were perceived as important. Lane change help was rated 
as most important and external speed control as least. Table 5.18 shows that 
items that helped the driver supervise the automobile’s forward travel were 
placed in the HUD, items that helped the vehicle maintain a proper speed in 
the HDD, and items that demanded more visual attention were chosen to be 
placed in the HCS.   
 
Table 5.18 
Mean (M), standard deviation (SD) of ratings of IVTs, and percent (%) of US 
respondents that selected the most common display for each IVT (Scale 1-7). 

Preferred 
Display 

Specific 
IVTs M SD % 

HUD 

Lane chg help 5.03 1.563 41 
Road image 4.60 1.697 50 
Sport shift 3.88 1.820 48 
Excessive speed 3.45 1.706 45 

HDD 
ACC 4.63 1.619 37 
Economy shift 3.28 1.706 38 
Ext speed control 2.93 1.711 36 

HCS 

Navigator 4.65 1.759 73 
Parking helps 4.20 1.696 40 
Adjustable display 4.03 1.722 45 
Road hinders image 3.83 1.914 39 
Video of passengers 3.73 1.958 60 
Adv. menu options 3.72 1.895 55 
Econo-meter 3.28 1.706 56 
Adv. menu 3.19 1.671 52 

 
Principal Component Analysis 
Table 5.18 contains the 15 items concerning warnings presented and Table 
5.19 shows the results of the PCA. The four components explained 69% of 
the variance. All of the four components showed a strong internal 
consistency. The components were from the most important to the least, 
Component 3, which contained items that dealt with Crash Prevention, 
Component 1, which contained items that dealt with Driving Helps, 
Component 2, which contained items that dealt with Extra Helps that could 
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help the driver make the drive more enjoyable, and, Component 4, which 
contained items of Speed Helps. 
 
Table 5.19 
PCA of IVTs and mean ratings (M) for IVTs and components (N = 89) for the 
US group. 
 
Component 1 Component 2 Component 3 Component 4 
Driving Helps    M Extra Helps    M Crash Prevention    M Speed Helps       M 
Road image 4.60 Sport shift 3.88 Lane chg help 5.03 Ext speed 

control 
2.93 

Road hinders 
image 

3.83 Economy 
shift 

3.28 Parking helps 4.20 Excessive 
speed 

3.45 

Navigator 4.65 Adv. menu 3.19 ACC 4.63   
Econo-meter 3.28 Adv. menu 

options 
3.72 Video of 

passengers 
3.73   

  Adjustable 
display 

4.03     

M 4.09  3.71  4.40  3.19 
Chronbach α .799  .836  .780  .737 
 
 

5.6 Results - Markets Compared 
Overall, the markets responses were similar for warnings and GDI. The most 
important information was placed in the HDD, followed by HCS, and finally 
CS. The participants chose the IVTs to be located higher up, in the HUD and 
HCS.  

5.6.1 Warnings 
The HDD was the most preferred location for warnings and the Chinese 
participants rated the warnings as more important than the others (Table 
5.20). Only a few exceptions were found from the HDD placement, the 
Chinese chose low washer fluid to be located in the HUD and it was also 
rated as the least important warning by them. The other preferred locations 
chosen by the participants was the HCS, both the Chinese and US participants 
placed poor driving conditions in this location, the Chinese had additionally 
chosen service engine to be placed here, while the Swedish chose door ajar to 
be placed here. Circa 55% of the Swedish and US participants chose the 
HDD, while 49% of the Chinese chose HDD and for the HCS location all 
were close to 40%. 
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Table 5.20 
Markets choice of warnings for each display location, the mean ratings (M) 
for each group in that location and the mean percentage of participants that 
chose the specific warnings in that location. 
 

Preferred 
Display China M Sweden M US M 

HUD Low washer fluid b 3.55 
32% 

    
    

HDD 

Low fuel 

5.45 
49% 

Low fuel 

4.94 
55% 

Low fuel 

5.03 
54% 

Engine temp Engine temp Engine temp 
Oil pressure Oil pressure Oil pressure 
ABS failure ABS failure ABS failure 
Parking brake Parking brake Parking brake 
El. failure El failure El failure 
Tire pressure Tire pressure Tire pressure 
Charging sys Charging sys Charging sys 
Airbag Airbag Airbag 
Engine stall Engine stall Engine stall 
Malf. light Malf light Malf light 
Door ajara Washer fluida Washer fluida 
 Service enginea Service enginea 
 Poor conditionsb Door ajara 

HCS Poor conditionsa 
Service engineb 

4.70 
39% Door ajarb 4.29 

37% Poor conditionsa 4.34 
41% 

a item is shared by two markets for the display location b item is chosen by only one market 
for display location  
 
 
Principal Component Analysis 
The PCA results show that the markets choose similar groupings for the 
warnings (Table 5.21). All three groups had the same first two components, 
serious failures and critical driving, and the fourth component maintenance. 
The Chinese third component resulted in items that are safety critical, while 
the Swedish and US markets’ component resulted in items that need attention. 
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Table 5.21 
PCA components of warnings for each market with mean ratings (M). 
 

PCA China             M Sweden              M US                        M 
1 Serious Failures 5.84 Serious Failures 5.56 Serious Failures 5.44 
2 Driving Critical 5.26 Driving Critical 4.78 Driving Critical 5.36 
3 Safety 5.10 Need Attention 4.27 Need Attention 4.78 
4 Maintenance 4.48 Maintenance 3.88 Maintenance 4.43 
M  5.17  4.62  5.00 

 

5.6.2 General Driver Information 
The items chosen to be located in the HDD dealt with mechanical function of 
the motor vehicle (Table 5.22). The Chinese placed the most important items 
concerning the mechanical function of the vehicle in the HDD and the least 
important items, e.g. those for personal comfort, in the CS. Those placed in 
the HCS were considered important, but only 37% agreed to have them 
placed there. The Swedish placed the most important items, those relating to 
the vehicle’s mechanical function, in the HDD, and the items that were for 
monitoring other vehicle systems in the HCS, and multimedia and phone in 
the CS. About 70% agreed upon the HDD placements and about 50% on the 
other locations. The US placed items relating to mechanical function and 
safety in the HDD, items that pertain to monitoring the drive in the HCS and 
to comfort in the CS. Over 60% agreed on the HDD locations, while 50% 
agreed on the HCS, and 45% on the CS. 
 
Principal Component Analysis 
The PCA results are summarized in Table 5.23 and all the markets rated the 
component operation, as least, as important. The Swedish rated comfort as 
second most important, while it was rated last by US and China. Items 
containing Extra Information were rated second most important by the US 
and third by the Swedish and Chinese. For each respective market the first 
component was rated as very important and the last three components as 
important.  
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Table 5.22 
Markets choice of GDI for each display location, the mean ratings (M) for 
each group in that location and the mean percentage of participants that 
chose the specific GDIs in that location. 
 

Preferred 
Display China M Sweden M USA M 

HDD 

Speedometer 

5.09 
54% 

Speedometer 

5.45 
70% 

Speedometer 

5.07 
62% 

Fuel level Fuel level Fuel level 
Oil press level Oil press level Oil press level 
Tachometer Tachometer Tachometer 
Which door ajara Cruise control Cruise control 
Trip computerb  Which door ajara 
  Seatbelt reminderb 

HCS 

Which malf 
light 

4.22 
37% 

Which malf light 

4.39 
50% 

Which malf light 

4.49 
50% 

Scrollable menu Scrollable menu Scrollable menu 
Cruise controlb Clocka Clocka 
Seatbelt 
reminderb Outside tempa Outside tempa 
 Trip computera Trip computera 
 Seatbelt 

reminderb Multimedia statusb 
 Climate statusb  
 Which door ajarb  

CS 

Multimedia 

3.40 
43% 

Multimedia 

3.52 
51% 

Multimedia 

3.95 
45% 

Phone Phone Phone 
Climate statusa  Climate statusa 
Outside tempb   
Clockb   

a item is shared by two markets for the display location b item is chosen by only one market 
for display location  
 
 
Table 5.23 
PCA components of GDIs for each market with mean ratings (M). 
 

PCA China             M Sweden              M US                        M 
1 Operation 5.53 Operation 5.74 Operation 6.38 
2 Pre-Drive 4.21 Comfort 4.46 Extra Info 4.57 
3 Extra Info 4.13 Extra Info 4.04 Safety 4.40 
4 Comfort 4.10 Safety 4.01 Comfort 4.39 
M  4.49  4.56  4.94 
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5.6.3 IVT’s of the Markets 
Overall, the IVT items were rated as important and the markets’ placements 
of the items varied from each other.  The Chinese participants differed from 
the others by placing the majority of the items in the HCS, while the Swedish 
and US participants were more homogenous in their responses. The HUD was 
chosen for items that helped the forward travel to be safer, the HDD for items 
of speed control, and the HCS for the navigation and items that require the 
driver to preform most complex tasks (Table 5.25). 
 
Principal Component Analysis 
The PCA results show that the markets chose similar components, but their 
importance was perceived differently (Table 5.24). The Chinese perceived 
speed control as most important, the Swedish safe navigation, and the US 
perceived crash prevention as most important. The Chinese perceived speed 
control as moderately important and the US as not important.  
 
Table 5.24 
PCA components of DIs for each market with mean ratings (M). 

PCA China             M Sweden              M US                        M 
1 Speed Control 5.19 Safe Navigation 3.84 Crash Prevention 4.40 
2 Safe Navigation 4.85 Safe Fwd Travel 3.64 Safe Navigation 4.09 
3 Extra Helps 3.96 Extra Helps 3.41 Extra Helps 3.71 
4     Speed Control 3.19 
M  4.67  3.63  3.85 
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Table 5.25 
Markets choice of IVTs for each display location, the mean ratings (M) for 
each group in that location and the mean percentage of participants that 
chose the specific warnings in that location. 
 

Preferred 
Display China M Sweden M USA M 

HUD 

  Road image b 
4.12 
43% 

Road image b 
4.24 
46% 

 Lane chg help b Lane chg help b 
 Parking helps b Excessive speed b 
  Sport shift a 

HDD 

 

5.21 
46% 

ACC 

3.51 
40% 

ACC 

3.61 
37% 

 Ext speed control b Ext speed control b 
 Economy shift b Economy shift b 
Excessive speed b Excessive speed b  
 Sport shift a  
 Road hinders image a  

HCS 

Navigator 

4.21 
42% 

Navigator 

3.43 
49% 

Navigator 

3.83 
53% 

Adjustable display Adjustable display Adjustable display 
Adv. menu Adv. menu Adv. menu 
Adv. menu options Adv. menu options Adv. menu options 
Video of 
passengers 

Video of passengers Video of 
passengers 

Econo-meter Econo-meter Econo-meter 
Road hinders 
image b 

 Road hinders 
image b 

Parking helps b  Parking helps b 
ACC a   
Ext speed control a   
Road image a   
Lane chg help a   
Sport shift a   
Economy shift a   

CS 
Road image a 

3.69 
37% 

    
Ext speed control a     
Parking helps a     

a item is shared by two markets for the display location b item is chosen by only one market 
for display location
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5.7 Discussion 
All three groups chose the HDD for almost all warnings and all items dealing 
with vehicle operation, such as, warnings for motor temp, oil pressure, low 
fuel level, etc. The remaining information was placed in the HCS and CS 
locations. The Chinese participants’ responses largely reflected the ratings 
and locations of items as found in the Chinese version of the VW Jetta. It is 
possible that they got some inspiration from the most popular automobile sold 
in China (Erickson, 2010). This vehicle has a simple instrument panel layout 
containing the most necessary gauges and warnings. Few people in the 
general population own a drivers license or are familiar to automobiles, 
especially ones with many accessories. A preliminary study to Study 1 
showed that many taxi drivers do not even understand the functions of the 
vehicles they drive probably because they do not own a vehicle themselves. 
Since China is a developing nation with a developing automobile culture their 
knowledge of vehicles will change rather quickly. China has the most new 
automobile sales in the world (Erickson, 2010), vehicle safety is improving, 
and the peoples’ wealth is increasing. However, at this moment the 
participants deemed the most essential items as important, e.g. speedometer, 
fuel level gauge, and warnings for mechanical failure. As the automobile 
culture matures and the people are able to use vehicles with more advanced 
systems and their preferences will most certainly change. Most likely they 
will develop their own understanding of the items. Although, due to the 
driving culture in Beijing, where traffic safety is of great concern, traffic 
fatality rate is much higher than in Sweden and US (Xinhuanet, 2004). 
Therefore, it is understandable that the participants express a greater need for 
traffic safety.  
 
The Chinese rated the IVTs as more important than Swedish and US 
perceptions probably because the IVTs were seen as aids to improve traffic 
safety, where the most critical information was to be located closest to the 
driver and the least critical furthest from the driver. Excessive speed warning 
was placed in the HDD and those items relating to safe navigation were 
placed in the HCS, followed by items showing complex information in the 
CS. The crash protection items road hinders image and road image were 
placed in the HCS. This was probably due to that the drivers could have a 
better view of the upcoming traffic situations without needing to look too far 
away from the traffic scene. These items show the driver an image of the road 
scene, which can help them detect collision risks quicker than if they use their 
own eyesight. The items pertaining to speed control were rated as very 
important and were placed in the HDD and HCS. The Chinese participants 
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showed clearly that speed control was an important factor for them, Safety 
was again rated as most important, which may reflect concerns of their traffic 
environment. 
 
The Swedish participants chose to place almost all the warnings and GDI in 
the HDD, a similar display layout to the Volvo V70, which could have been 
an inspiration source because it is the most common automobile in Sweden 
Volvo V70 (BilSweden, n.d.). Items placed in the HDD dealt with forward 
travel and items concerning complex information were placed in the HCS. 
The Swedish traffic culture is ranked as one of the safest driving 
environments in the world today (WHO, 2008) and the drivers are possibly 
satisfied with the level of safety explaining why many safety items were not 
rated as a high priority. The participants, instead, placed importance on 
wanting to monitor the vehicle’s systems like, fuel level, and not just see an 
indicator that warns for low fuel because it gives them information to help 
them plan their trips. The driving environment, in northern Sweden, is so that 
gas stations are not prevalent and many travel long distances through rural 
areas in their daily commute.  
 
The HUD is not a common display in the Swedish market, but for IVTs the 
most important crash prevention items were placed there. The items that 
required the least amount of cognitive workload pertained to forward travel 
and were placed in the HUD, these were items that the driver monitors and 
responds quickly to without thinking because the responses are well practiced. 
While more complex items were located in the HCS, e.g. navigator. A more 
complex level demands that the driver actively uses and interacts with the 
IVTs, in some cases vehicle manufacturers do not allow all functions to be 
available while a vehicle is driving due to the distraction risk involved. 
 
The US participants chose to keep almost all the warnings in the HDD, 
similar to Swedish. The most important warnings were placed in the HDD 
and warnings of lesser importance in the HCS. A similar trend was noted for 
the GDIs, where the most driving critical information was placed in the HDD, 
followed by HCS, but items of Comfort were placed in the CS even through 
they were rated as equally important as some of the other items. The GDI 
placements were chosen most likely based upon their relation to the criticality 
to the drive. Here the US participants chose the HDD as the best location for 
most critical information, HCS as second, and CS as third. It may be possible 
they were inspired by the Toyota Camry, the most common US automobile 
(Erickson, 2010).  
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For IVTs the US participants, as the Swedish, chose the HUD for items that 
help the driver to notice traffic hinders, thus, helping them to prevent a 
collision. Items that contained more complex information, e.g. navigator and 
menus, were placed in the HCS and items that are to help maintain proper 
speed were placed in the HDD. It can be seen that the US participants gave 
importance to simple safety helps, e.g. items that could help them be aware of 
unsafe conditions, while items that told the driver what to do, e.g. image of 
road hinders, speed control, when to shift, etc. were not rated as important. 
The US participants showed that they placed high importance on safety, 
especially, collision prevention. The traffic in south Florida has long been 
crowded and road construction has been very common in the high-density 
commuter regions, because of the population boom. Commuters are aware of 
these problems and the crash risks involved, therefore, their concerns may 
have been focused, primarily, on collision prevention. 
 
In conclusion, the Chinese did rate warnings for Serious Failures and the 
IVTs Speed Control and Safe Navigation as being very important, 
substantially higher than their counterparts. This, as shown earlier, most 
likely has to do with the traffic culture in their market, in which, crashes and 
fatalities are very high in relation to the Western world. Chinese traffic 
statistics along with their responses show that they are aware of a need for 
greater traffic safety (Xinhuanet, 2004). On the other hand, the Swedish rated 
warnings and IVT’s as less important than their counterparts, probably due to 
the traffic safety culture in Sweden, which is one of the safest in the world 
(WHO, 2008). 
 
There are significantly different climates in the markets where the participants 
were studied. Beijing, South Florida, and northern Sweden vary greatly, 
especially, in the winter months. This probably explains why the Chinese 
participants wanted the low washer fluid indicator to be available in the HUD, 
since the weather varies from freezing temperatures to cold and moist 
conditions, which requires the use of window washer fluid. The crowded 
traffic conditions also increase the need for clear sight. Therefore, few drivers 
would want to take a chance of having decreased visibility in those 
demanding traffic conditions. Similar weather conditions are common during 
the fall in northern Sweden. However, none of the markets placed a high 
importance on the warning low washer fluid.  
 
The US rated items concerning Operation of the vehicle as more important 
than the other markets did. This includes indicators and warnings that help the 
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drivers monitor items of operation, e.g. fuel level, tire pressure, service 
engine, speed, etc. The US participants rated these indicators more important 
because they use them for guidance on when to fuel, add washer fluid, to 
change the oil, etc. This may be a result of the easily accessible fuel and 
service stations that are more common in South Florida and relativity 
inexpensive. For example, in rural environments where fuel and service 
stations are not as prevalent would drivers plan their trips based upon the fuel 
and service stops rather than this type of indicator. 
 
Concerning the placement of items, all three markets chose items that did not 
directly concern the drive, e.g. multimedia status and phone, to be located in 
the CS. The Chinese did place some IVTs in the CS, either showing a 
misunderstanding of the information or a lack of need for its benefits because 
other items seemed to be more important. On the other hand, both the 
Swedish and US wanted this type of information to be located nearest the 
traffic scene. 
 
The Swedish and US chose the HUD location for crash prevention items. 
Assisted visual crash protection is not commonly found in vehicles and it was 
chosen to be located close to the traffic scene. The Chinese participants 
placed greater emphasis on safety, most likely due to the heightened 
awareness of unsafe vehicles and unsafe traffic in their country. This is not 
such a large problem in the US, even though it is a problem, and an even a 
lesser problem in Sweden. 
 
In summary, the results show that information that was easy to scan was 
chosen to be located in either the HUD or the HDD and information 
concerning complex tasks, e.g. navigation, menus, video, adjustable display, 
etc., in the HCS. Items of lesser importance that yet could be easily scanned, 
but demanded some thought, speed information and shift helps, were stated to 
be located in the HDD also. All three automobile markets showed a tendency 
to support the idea that driver information should be located in the vehicle 
based upon relationship, criticality to the drive and the driver’s ability to scan 
it. That is, information which is easy to scan and critical to the drive should 
be located close to the traffic scene in front of the driver, while information 
that is more difficult to scan should be located a bit further from the driver. 
This would mean critical information easy to scan in HUD and HDD, non-
critical driving information that demands some exertion to scan in the HCS, 
and information that are extra helps which require some thought processes to 
scan should be located in the CS. The information the Swedish and US chose 
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to be located in the HUD required little cognitive demand and it was very 
easy to scan. This idea shows that the information could be grouped according 
to cognitive load and the information’s criticality to the drive, in which, the 
items that are easiest to scan without being distracting should be located in the 
HUD, those somewhat more demanding and less critical information in the 
HDD, the even more demanding and less critical in the HCS, and, finally, the 
most demanding and least critical information in the CS. 
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66  Study II: Driving Simulator 
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6.1 Introduction 
Results from Study 1 show that warnings directly related to the mechanical 
functions of the automobile were perceived as most important and that their 
preferred placement was in the HDD (Tretten & Gärling, 2010). As shown in 
Tretten et al. (2008) driver information that required more time to read was 
perceived as of lesser importance and were placed in the HCS location, while 
phone, multimedia status, and climate control status items were chosen to be 
placed in the CS. According to Frantz et al. (1999) there is a need to further 
develop how drivers perceive warnings and learn how people respond to them 
in the driving environment. 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 two 
seconds leaving very little margin for delay or error (IHRA-ITS, 2008). 
Drivers that expect an upcoming hazard have an estimated median reaction 
time of 0.6 to 0.65 seconds, but for unexpected common hazards the 
estimated median reaction time is 1.15 seconds and for completely 
unexpected hazards the median reaction time is up to 1.4 seconds (Campbell, 
Richard, Brown, & McCallum, 2007).  
 
Driving the vehicle is considered the primary task and when a driver conducts 
something else while driving it is considered a secondary task. Monitoring the 
displays in the vehicle is part of the driving task, but if the drivers are to 
complete another type of task, e.g. make a telephone call, while driving it is 
considered a secondary task. To notice and quickly respond to an illuminated 
warning symbol (telltale), if the driver intuitively knows how to respond 
correctly, could be compared to stepping on a brake pedal or adjusting the 
speed based upon the posted speed limit. For the SRK taxonomy this 
interaction level is called synchronic. If the situation is critical and the driver 
knows this he/she will most often react immediately, but if the situation is less 
critical the driver can, and will, chose to survey the traffic scene before 
responding and this would be most likely a diachronic interaction. To gain 
the most reliable results, e.g. test the location of a display, a driver needs to 
experience it while driving in a natural environment of which Carsten, Merat, 
Janssen, Johansson, Fowkes, and Brookhuis (2005) recommend a rural traffic 
environment.  
 
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 enough to 
unexpected warnings nor their hazards. Achronic interaction errors can occur 
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for these types of tasks. 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 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.  
 
It is known that the human eye has a peripheral field of view of 
approximately 210°, however the central field of view, foveal vision, is only 
2° (Miura, 1990). The eyes’ ability to notice changes in the environment 
decreases as the distance from the fovea increases and the foveal acuity 
decreases by a factor of three beyond a 15° parafoveal eccentricity of the 
central field of view. This means that displays beyond the 15° are much more 
difficult to notice and are not clearly seen. Two important factors need to be 
understood concerning vision, the first is that within approximately 15° from 
the central field of view eye movements are executed most efficiently, and 
secondly, there seems to be a border at 30° for the vertical meridian and 35° 
for the horizontal meridian mark in which peripheral information can be 
detected most accurately. The limits for detecting objects above the line of 
sight is 50° and below the line of sight 70° (Diffrient, Tilley, & Harman, 
1981; Normark & Gärling, in press) (Figure 6.1).  
 

 
 
Figure 6.1. Field of view for foveal vision, central field of view, and 
peripheral vision (Normark & Gärling, in press). 
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This means that a person is required to rapidly move his/her eyes beyond that 
which is most efficiently seen to scan the road scene and the instrument panel 
for other information while driving. Since head movements can be limited for 
varying reasons, such as, injuries, muscle soreness, etc., there are some 
important signals in the vehicle compartment and in the traffic scene that are 
missed due to lack of proper visual scanning. 
 
Research has been conducted to produce relevant warnings for the ISO and 
this continues as the number of safety systems increase (Campbell et. al., 
2004). But, in designing warnings, the cognitive workload, the line of sight, 
and the possible error types 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, thus 
distracting her/him. Accident research shows that distraction is a major factor 
to rear-end collisions (Ranney et al., 2000) and that 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).  
 
The trend today is to produce automobiles that 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 also are 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 capabilities (Wikman, Nieminen, & 
Summala, 1998). One of the main safety considerations when using visually 
demanding in-car equipment like Intelligent Vehicle Technologies (IVT) is 
the driver’ s ability to detect objects in front of the vehicle (Lamble et al., 
1999). 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. The SRK taxonomy can be used to define 
categories of performance, so that new driver information systems can be 
designed to decrease the chance for error (Rasmussen, 1983). 

 
Operating a vehicle demands that a driver is aware of the traffic environment 
and is able to track changes effectively, even if the drivers’ attention is 
captured by a non-driving secondary task or if the driver is cognitively loaded 
in other ways (Horrey & Wickens, 2006). One of the main safety 
considerations when using visually demanding in-car equipment, e.g. 
navigation, driver information, text messages, etc., is the driver’ s ability to 
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detect objects outside of the vehicle (Lamble et al., 1999). Eyes-off-the-road-
time is the primary factors of interest for automotive safety (Green, 2007). 
Glance behavior in automotive applications are defined and standardized by 
the Society of Automotive Engineers (2000) and International Standards 
Organization [ISO] (2002). To reduce the risk of having complex menus or 
systems that occupy the drivers’ attention too long, different 
recommendations have been developed, e.g. the “15 second rule” (Green, 
1999), and the 2-10-30-s guideline (McGehee, 2001). These guidelines are 
given to help system designers to limit the complexity of a system and to 
reduce time spent looking away from the road scene. Even though the 
automobile manufacturers use these guidelines there are still limitations 
regarding the understanding of how drivers behave in traffic. As shown in 
two more recent studies (Victor, Harbluk, & Engström, 2005; Horrey, et al., 
2006), drivers spend more time than recommended looking away from the 
roadway when completing in-vehicle tasks of greater complexity and 
difficulty. But these extended times may not lead to a crash risk since drivers 
do opt to conduct more demanding tasks when the traffic conditions are 
amiable. 
 
Most drivers have observed that someone using a mobile phone in traffic 
drives slower, weaves more, and reacts slower to unexpected events. In spite 
of this they still choose to engage in the activity themselves. Earlier research 
has shown that people often do not have a correct understanding of how 
secondary tasks effects their own driving (Lesch & Hancock, 2004; Wolgalter 
& Mayhorn, 2005) and many believe that they are better drivers than their 
counterparts (Groeger & Brown, 1989). This dispersion is especially 
prevalent when a driver conducts two tasks simultaneously (Horrey, Lesch, & 
Garabet, 2009). One way to reduce distraction caused by secondary tasks is to 
remove all information systems from the vehicle, but this is not realistic nor 
would it be a totally correct action to take, since lack of mental stimuli can 
lead to boredom and inattention. This, in turn, can lead to similar behaviors as 
distracted drivers show (Young & Stanton, 2002).  
 
Drivers choose to complete secondary, cognitively demanding tasks, in less 
demanding traffic situations in order to reduce the level of risk and most often 
these tasks are completed while driving without any further complications 
(Ranney et al., 2000). But in traffic conditions where the driver risks 
distraction from boredom secondary tasks can be of great help, since they 
heighten alertness and the driver’s ability to detect and react to risks. The 
optimal solution would be to find out what is “just enough” stimulation for 
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each driver in different traffic situations (Sheridan, 2004). By lifting up more 
complex tasks near the traffic scene it may be possible to allow drivers to 
conduct these secondary tasks while maintaining a minimal time off road. 
 
Another aspect to consider is the fact that HUDs and HDDs in automobiles of 
today show the same information simultaneously, e.g. vehicle speed, motor 
speed, motor temperature, etc. Several studies have shown that there are some 
benefits to HUD displays compared to traditional HDD for critical vehicle 
information (Hada, 1994, Kiefer, 1998; Horrey & Wickens, 2004), but not for 
non-critical information (Liu & Wen, 2004). This area needs to be studied 
more since more information will, in the future, be displayed in the 
windshield, high up close to the driver’s line of sight (Watson et al., 2010). 
Looking at the trends one can see augmented information (Wu et al., 2009), 
real-time warnings (Charissis, Papanastasiou, & Vlachos, 2008), and critical 
information to be displayed together with navigational helps (Virtual Cable, 
n.d.), night vision (Martinelli & Boulanger, 2000), and text messages in the 
HUD (Tsimhoni, Watanabe, Green, & Friedman, 2000). All these intend to 
enhance the driver’s ability to prepare and maneuver correctly for unforeseen 
events (Caird, Chisholm, & Lockhart, 2008), but could also cause the 
operator to lose sight of outside objects (Okabayashi, Sakata, & Hatada, 
1991) or to get “lost” in the clutter (Tufano, 1997). Adjacent to this is the 
problem with “cognitive capture” (Weintraub, 1987), where the driver could 
focus more on the augmented information and miss critical traffic situations 
(Weintraub & Ensing, 1992). It is possible that all these problems could 
decrease over time as drivers become used to HUDs and the more complex 
information that could follow with it, as pilots have acclimatized themselves 
to large amounts of information in the HUD (Tsimhoni, et al., 2000). 
Therefore, a better understanding of the placements of non-critical 
information to generate safer drivers is needed. 

6.1.1 Aim 
The purpose of this study was to test, and compare, how drivers react to 
illuminated telltales/messages from four common automobile display 
locations and the specific research questions are: 
1. What effects do telltales/messages presented to drivers have on notice 

time, reset time, glance time, fixations, time off-road, standard deviation 
from center of lane, and subjective workload?  

2. What are the specific differences for a 2-screen redundant telltale/message 
layout, HUD and HDD, and a 4-screen telltale/message layout, HUD, 
HDD, HCS, and CS? 
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3. Of the four locations given, HUD, HDD, HCS, and CS, where do drivers 
prefer driver information to be located? What are the most preferred 
locations for overall warnings, serious failures, vehicle operation, service 
information, and miscellaneous reminders? 

4. Is the HUD a preferred location for driver information based upon driving 
performance and subjective measures? 

 

6.2 Method 

6.2.1 Participants 
Forty-four participants, twenty-two males and twenty-two females, with more 
than five years driving experience were asked to complete the experiment. 
Four participants withdrew themselves and four participant’s driving data was 
removed due to problems of data storage.  The participants were split into 
four groups: the 2-screen Simple, 2-screen Complex, 4-screen Simple, and the 
4-screen Complex groups. Half of them were randomly divided amongst the 
groups to those that drove an experimental block first and those who drove a 
baseline first. All participants had either normal or corrected to normal vision. 
None of the participants’ private vehicles were equipped with any type of 
HUD display nor had they taken part in a driving simulator experiment 
previously. The participants responded to an advertisement about taking part 
in a driving simulator study and they were paid for their participation with 
meal tickets at a local restaurant. 
 
The Simple groups had 10 participants (5 females and 5 males) in each group. 
The average age of the 2-screen Simple was 41 years (SD = 14.484) and of 
the 4-screen 35 (SD = 12.621), the average license age was 21 years (SD = 
13.983) for the 2-screen and 18 (SD = 12.492) for the 4-screen Simple, the 
average distance driven per week for the 2-screen Simple and 4-screen Simple 
groups was 151 km (SD = 120.227) and 157 km (SD = 175.764), 
respectively.  
 
The Complex groups had 10 participants reported (5 females and 5 males) for 
each group but due to errors in the drivering simulator data nine participants 
(4 females and 5 males) for the 2-screen Complex, eight (5 females and 3 
males) for the 4-screen Complex group, were reported for driving 
performance results. The average age of the 2-screen Complex was 41 years 
(SD = 14.48) and the 4-screen Complex 36 years (SD = 12.62), the average 
license age was 21 years (SD = 13.98) for the 2-screen and 18 years (SD = 
12.5) for the 4-screen, the average distance driven per week for the 2-screen 
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and 4-screen groups was 151 km (SD = 120.22) and 157 km (SD = 175.76), 
respectively.  

6.2.2 Apparatus 
The simulated environment is based upon a high-fidelity fixed-base driving 
simulator built on a 2005 Volvo XC90 chassis. The simulator’s handling was 
configured to simulate a front-wheel drive SUV (e.g. Volvo XC90). The 
vehicle cab contained the original CAN-Bus and the mechanical components 
functioned normally, e.g. blinkers, electrical seat adjustments, lights, 
multimedia system, etc. Four screens were programmable digital displays 
(Figure 6.2), of which one, the CS, was a touch-screen.  
 

 
 
Figure 6.2. Four different display positions for onboard information 
presentation. 
 
The HUD consisted of a 8” LCD screen placed from 10˚ below the line of 
sight in front of the driver, the HDD of a 12” LCD screen placed behind the 
steering wheel from 22˚ below the forward line of sight, the HCS of a 8” LCD 
screen 30˚ to the right of the driver and 15˚ below the line of sight, and the CS 
of a 12” touch-screen on edge placed 30˚ to the right of the driver and 30˚ 
below the line of sight. The warnings/messages were presented at exactly the 
above-mentioned positions from the driver’s head position. An example of 
the warning is shown in Figure 6.3. The text size followed standard ISO 
recommendations. 
 

HHead-Up Display 
110˚ below LOS

HHead-Down Display 
222˚ below LOS 

CCenter-Stack 
30˚ riight & 30˚ 

below LOS 

High-up Center-Stack Display 
330˚ right & 15˚ below LOS 
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Figure 6.3. Example of a warning in the HDD. 
 
The road view was projected by a NEC NP-1000 projector on a 1.8 m high by 
2.4 m wide screen in front of the driver, which subtends about 33.4° of the 
driver’s forward view. Eye movements were monitored by Seeing Machine’s 
FaceLab system (version 4.5) with two Point Grey Flea cameras at 60 Hz and 
two infrared lights mounted on the instrument panel. The following areas 
were included in a 3D model, the forward roadway, each of the three rearview 
mirrors, the HUD, the HDD, the HCS, and the CS displays. Each participant 
was calibrated and the 3D model was adjusted accordingly. The driving 
environment was designed to simulate the local area with respect to traffic, 
surroundings and events that might occur in a realistic driving situation 
(Figure 6.4). Carsten et al. (2005) suggest that a rural road generally gives the 
largest effect sizes for a driving simulator study.  
 

 
 

Figure 6.4. Participant following another vehicle, while a third vehicle is 
attempting to pass on the left hand side as shown in the rearview mirror. 
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In this study, an approximately 15 km long road with two lanes through rural 
areas and a short four lane segment through a city environment was used. All 
segments had either 50 or 70 km/h speed limits. Throughout the study was 
oncoming traffic used. Some automobiles were also located on the map in 
places where they were to be followed.  To keep the driver focused on the 
driving, others had to be overtaken, some cars made unexpected maneuvers 
with abrupt braking, and at one intersection a cyclist rides out from behind a 
parked truck. The road environment contained one left hand detour, 12 
intersections (sex right of way, three roundabouts, two traffic lights, one four 
way stop) and the track included both 50 and 70 zones (Figure 6.5).  
 

 
 
Figure 6.5. Map of the baseline and experiment track. 
 

6.2.3 Procedure 
The Swedish Ethical Review Board gave consent to conduct the experiment. 
The experiment took place in a simulator due to its predictability and low 
costs (Carsten et al., 2005). All participants were informed that participation 
would be confidential and that they could withdraw from the study without 
any negative consequences. All systems, video, driving similar, eye-tracking, 
CAN-Bus, and LCD displays in the simulator, were connected to a 
synchronized network. The data was recorded on each respective computer 
and time stamps were used to keep everything in sync. The experimental 
session started with the participants being introduced to the simulator and 
given a five-minute practice drive to get familiar with handling the simulator. 
Then they drove a baseline and an experimental block, circa 20 min each. The 
order of these was balanced and both were conducted on the same road 
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segment, but in reverse directions to prevent foreseeability of the driving 
scenarios. The baseline block consisted only of driving, while the experiment 
block consisted of both driving and completing a task. The participants were 
asked to drive as they normally would with their own vehicles and to obey 
posted speed limits. All 10 messages (Table 6.1) were presented on a straight 
section of the road so that the display locations and tasks could be validated. 
 
Different messages were given to reduce the chance of the participants being 
able to predict the outcome and also to give the participants a realistic test. 
The Simple task consisted of pressing a reset button found on the end of the 
turn signal lever when an ISO symbol with text appeared in one of four 
displays. The symbol stayed lit until the reset button was pressed. For the 
Complex task was the driver instructed to read the message and complete it 
via controls in the CS.  
 
Table 6.1 
Each message and its display location.  
 

Number Display Message 
1 HCS Raise temperature to 22°C 
2 CS Activate CD 
3 HDD Change to CD track 5 
4 HCS Lower volume to lowest volume 
5 HUD Activate MP3 
6 HDD Change to album “French pop” 
7 HCS Raise volume two steps 
8 HUD Dial xxx-xxxxxxx* 
9 HDD Raise fan speed two steps 
10 CS Dial xxx-xxxxxxx* 
Note: Messages translated from Swedish to English 
*Actual phone number not displayed 

 

6.2.4 Measures 
The participant’s subjective perception of visual, auditory, tactile, and 
temporal demand, as well as, interference, attention, and situational stress in 
relation to normal driving were measured with the Driving Activity Load 
Index (DALI) (Chin et al., 2006; Pauzié, Manzano, & Dapzol, 2007; Pauzié & 
Pachiaudi, 1997; Pauzié, Sarpedon, & Saulneir, 1995). For eye-tracking 
analysis the minimum duration for a fixation was set to 100ms (Horrey & 
Wickens, 2007). Glance duration was measured as the time spent within the 
target region according to ISO 15007-1, ISO 15007-2, and SAE J2396. Eye 
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data calculations were based on fixations towards areas of interest. The 
performance measures were notice time, reset time, glance time, fixations, 
time off-road, and std. deviation from center of lane. 
 
An interview was conducted, which contained questions concerning 
sociodemographic data, driving experience, and likeability and usability of 
the display locations. Questions were also asked concerning the placement of 
driver information, e.g. where they would prefer different types of 
information such as serious failures, vehicle operation, service items, and 
miscellaneous reminders. Four groups were tested; two Simple task groups 
and two Complex task two groups. The 2-screen Simple and 2-screen 
Complex groups were given a redundant display layout, the HUD and HDD, 
in which, they were free to choose which of the two 2-screen locations to use, 
when reading the messages. The 4-screen Simple and 4-screen Complex 
groups were given a four display layout to notice and read messages 
presented in one of four display locations (4-screen Simple and 4-screen 
Complex group).  

6.2.5 Data Analysis 
Custom software was used to synchronize and analyze all gaze and driving 
data. Performance measures, DALI scores, and the participant’s choices of 
preference questions were analyzed using ANOVA and the interviews were 
recorded in text form and used as support to the analysis of the final results. A 
non-parametric two-way ANOVA (Friedman) was used to analyze the driver 
performance variables to take into consideration the missing and the skewed 
data. For 2- and 4-screen comparisons was a univariate ANOVA used.  
 

6.3 Results 
The result section is divided up into three parts. Even though both the Simple 
task and Complex task experiments were conducted during the same period 
they were reported individually and the third part is an overview where both 
the Simple and Complex data sets are compared. 

6.3.1 Simple Task 
The 4-screen Simple group, overall, responded quickest to the HUD location, 
but Friedman’s test showed a significant effect of display only for the 
measure notice time (Q(3), = 16.92, p = .001). Post hoc tests at significance 
level p = .05 showed that notice time was longer for the CS location than for 
the HUD and the HCS location, while just and a borderline significance 
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between HUD and HDD was found. No other pairwise comparisons indicated 
significant differences (Table 6.2).  
 
Table 6.2 
Median gaze and driving performance measures in the display location 
conditions in the 4-screen group. 
 

Display Notice 
time 

Reset 
time 

Glance 
time 

Fixations Time 
off road 

Std dev from 
center of lane 

HUD .086 2.70 .629 2.00 3.85 .338 
HDD 1.05 3.04 .556 1.00 2.40 .302 
HCS .344 2.80 .500 2.00 1.90 .363 
CS 2.51 7.62 .508 1.00 2.00 .361 

 
The 2-screen Simple group responded quickest and showed a longer glance 
time (Table 6.3). A Mann-Whitney U test showed significant effects of layout 
for the measure notice time, U(19) = 15.000, p = .013, time off-road, U(18) = 
75.500, p = .001, standard deviation from center of lane, U(18) = 67.000, p = 
.019, and a borderline significance for glance time, U(19) = 21.500, p= .053. 
The 2-screen group participants almost exclusively used the HUD, when they 
looked at the telltales. Two of the 2-screen participants used the HUD first, 
tried the HDD once, and then continued to use the HUD for the remaining 
warnings, but their overall results did not significantly differ from the other 
participants. The remaining eight chose to use the HUD exclusively.  
 
Table 6.3 
Median gaze and driving performance in the display layout groups. 
 

Display 
layout 

Notice 
Time 

Reset 
Time 

Glance Time Fixations Time off 
road 

Std dev 
from center 
of lane 

2-screen 1.20 2.65 .800 1.00 1.30** .272* 
4-screen 0.59* 3.04 .548 2.00 2.30 .355 

* p < .05   ** p < .01 
 
For the DALI were, visual demand, auditory demand, and stress, rated 
somewhat higher in the experimental blocks than in the baseline blocks 
(Table 6.4). There were no significant differences between the 2-screen and 4-
screen groups for any of the DALI factors, but the majority of measures 
showed that the participants experienced a moderate workload operating the 
driving simulator. 
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Table 6.4 
Mean ratings of DALI factors for both the baseline and experiment blocks for 
2-screen and 4-screen groups (0 low to 5 high). 
 

DALI factors 
2-screen 4-screen 
Base Exp Base Exp 

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 3.3 3.3 2.9 2.6 
Interference 2.7 3.3 3.4 3.3 

 
For Likeability and Usability did both groups perceive the HUD display as 
most likable and most usable, while the CS, by the 4-screen group, was 
perceived as the least likeable and usable for warnings (Table 6.5). Within the 
2-screen 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. A 
repeated-measures ANOVA for the 4-screen group showed significant 
differences for likeability, F(3,27) = 36.228, p = .000. Post hoc tests at a 
significance level of p = .05 showed that the HUD was rated as being more 
likeable than the HCS and the CS as less likeable than HUD, HDD, and HCS. 
The repeated measures ANOVA showed significant differences for usability, 
F(3,27) = 28.317, p = .000, in which the Post hoc tests showed that the HUD 
was rated as more usable than the HDD, HCS, and CS and the CS as less than 
the HDD and HCS. There were no significant differences between the groups 
for likability or usability for either the HUD or HDD.  
 
Table 6.5 
Mean ratings of likeability and usability for display placements in the display 
layout conditions (1 very good – 5 very poor). 
 

Display 2-screen 4-screen 
 Likeability Usability Likeability Usability 

HUD 1.3 1.6 1.3 1.4 
HDD 3.2 4.0 2.1 2.3 
HCS   2.5 2.4 
CS   4.4 3.8 
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The participants of the 2-screen and 4-screen Simple groups chose HUD as 
the most preferred placement for warnings overall, serious failures, vehicle 
operation. Both groups chose service items and miscellaneous reminders to be 
placed in the HDD (Table 6.6).  
 
Table 6.6 
Most frequent preferred location of types of warnings and percent of 
participants that selected the most preferred location. 
 

Types of Information  2-screen % 4-screen % 
Warnings 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 

 

6.3.2 Complex Task 
For the 4-screen Complex group, no particular display location showed a 
clear advantage over another (Table 6.7). Friedman’s test showed a 
significant effect of display for the measure notice time, Q(3) = 8.486, 
p = .037, and post hoc tests showed that notice time was longer for HCS. 
Significant effects for glance time, Q(3) = 8.657, p = .034, showed that the 
HDD condition was shorter than the CS condition. Also a significant effect 
for time off road, Q(3) = 9.000, p = .029, was obtained showing that the HCS 
condition was shorter than the CS and HDD conditions. 
 
Table 6.7 
Median gaze and performance measures in the display location conditions in 
the 4-screen Complex group.  
 

Display Notice 
time 

Reset 
Time 

Glance 
time 

Fixations Time 
off-road 

Std dev from 
center of lane 

HUD 1.40 34.30 2.35 5.00 16.90 .465 
HDD 1.80 28.30 1.70 3.00 11.70 .425 
HCS 3.75 24.55 2.70 5.00 8.50 .479 
CS 2.00 33.55 3.50 4.50 8.85 .542 
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Table 6.8 shows the participants notice times for each specific message. 
These results did affect the overall significance of the model by most likely 
lowering the average notice time for those missed locations. The HCS and 
CS displays were missed nine times in total, and two participants took 33.1 
and 39.5 seconds to notice a CS message. These misses show that there are 
certain problems in these locations that need further examination. 
 
Table 6.8 
Time to notice message in each trial for the participants in the 4-screen 
complex group, and median (Mdn) time to notice for each participant and 
trial. 
 
 Trial Mdn 

 1 2 3 4 5 6 7 8 9 10  
Participant HCS CS HDD HCS HUD HDD HCS HUD HDD CS  

1 1.6 2.0 0.7 7.6 1.4 1.1  2.3 1.1 55.4 1.60 
2 0.4  2.0 39.5 0.9 0.1  0.9 5.3  .90 
3  26.0 1.7 5.1 3.0 11.6 31.9 1.4 1.8 2.3 3.00 
4 7.6 3.0 17.2 18.9 3.0 12.2 15.8 1.0 14.3 1.1 9.90 
5 0.2 1.2 6.1 0.6 1.1 12.1 14.9 21.2 7.8 0.3 3.65 
6 10.1 0.1 1.1 1.0 1.0 1.0 1.0 1.1 1.3 1.1 1.05 
7 23.5 25.8 23.5 1.3 1.4 8.6 0.1 2.9 1.1 2.0 2.45 
8 1.4 38.0 1.0 2.4 4.9 7.1 1.1 1.0 1.1 1.3 1.35 
9   1.1 33.1 1.4 1.1  2.2 4.2  1.80 

Mdn 1.60 3.00 1.70 5.10 1.40 7.10 8.00 1.40 1.80 1.30  
 
 
Performance of 2-screen Complex layout vs. 4-screen Complex layout shows 
that the 2-screen Complex group responded quickest and showed a longer 
glance time, but Mann-Whitney U only showed a significant effect only of 
layout for the measure notice time, U(17) = 62.500, p = .008 (Table 6.9). 
 
Table 6.9 
Median scores for 2-screen layout and 4-screen layout for each measure. 
 

Display 
Layout 

Notice 
time 

Reset 
time 

Glance 
time 

Fixations Time off 
road 

Std dev from 
center of lane 

2-screens 1.00** 20.15 2.50 4.00 10.65 .435 
4-screens 1.80 30.30 3.30 4.00 10.70 .468 

         **p < .01  
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Would you do the same task in real traffic? 
After completing the test the participants were asked if they would feel 
comfortable in performing the same task, in their own vehicles, while 
driving. They were asked to state their anwers on a four-point scale (1, yes 
to 4, no). Both the 2-screen and the 4-screen groups answers were in the 
middle on the scale (M = 1.89; SD = .928 and M = 1.7; SD = 1.160, 
respectively). There was no significant difference between the groups. Even 
though they showed a willingness to complete the tasks in traffic they also 
expressed reservations to make a phone call. Another important fact was that 
the participants did not complete the tasks as quickly as possible, but when 
the driving environment allowed for it, such as, a lull in traffic or after a turn 
before accelerating, etc. they did. 
 
In Table 6.10 are the DALI ratings given for both the 2- and 4-screen 
groups. Both groups reported higher ratings of all the DALI factors in the 
experiment block. For the 2-screen group significant differences were found 
between the baseline and experiment blocks for visual demand and temporal 
demand, (t(9) = -4.583, p = .001 and t(9) = -2.623, p = .028, respectively). For 
the 4-screen group significant differences were found between the baseline 
and experiment blocks for tactile demand and stress (t(9) = -3.280, p  = .010 
and t(9) = -3.857, p = .004, respectively). When the groups were compared a 
significant difference between the 4-screen and 2-screen groups was found 
for the experiment regarding tactile demand, which was rated as higher for 
the 4-screen group (F(1,19) = 8.544, p = .009).  
 
Table 6.10 
Mean ratings of DALI factors for baseline and experiment blocks for 2-screen 
and 4-screen groups (0 low to 5 high). 
 

DALI factors 2-screen 4-screen 
 Base Exp Base Exp 

GAD 3.6 4.0 3.8 4.2 
Visual Demand 3.5 4.2** 3.0 3.4 
Auditory Demand 1.3 1.6 1.8 2.3 
Tactile Demand a 1.9 2.3 2.4 3.8* 
Stress 3.5 4.0 2.8 3.7** 
Temporal Demand 2.8 4.1* 2.7 3.4 
Interference 3.3 3.6 2.4 3.0 

                      *p < .05    **p < .01     asig between the experiment blocks 
 
Concerning likeability and usability ratings were the participants asked to rate 
each display location, for non-critical information, on how well they liked the 
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location and how useable they experienced it on a 5 grade scale (1-very good, 
2-good, 3-acceptable, 4-poor, 5-bad). For the 2-screen layout the HUD had 
higher likability and this difference was significant (t(10) = -9.682, p = .000) 
and for usability the HUD was rated as significantly better than the HDD 
(t(9) = -4.312, p = .002). For the 4-screen group repeated-measures ANOVA 
was used and there were significant differences for likeability (F(3,27) = 
16.780, p =.000). Post hoc pairwise comparisons with Bonferroni correction 
found that the HUD differed from the HCS (p =.015) and from the CS 
(p =.000), the HDD from the CS (p = .000), and the HCS from the CS 
(p =.002). There were also significant differences for usability (F (3,27) = 
7.871, p = .001). Post hoc pairwise comparisons with Bonferroni’s correction 
found that the HUD differed from the HCS (p =.023) and from the CS 
(p =.004), and the HCS from the CS (p =.040). As shown in the Table 6.11 
the participants perceived the CS as being more useable than it was likeable 
for non-critical messages (t(8) = -3.411, p = .009).  
 
When the 2- and 4-screen Complex groups were compared a significant 
difference was found for the likeability of the HUD and HDD. The 2-screen 
group rated the HUD significantly more likeable than the 4-screen group did, 
F(1,18) = 4.474, p = .049, while the 4-screen group rated the HDD as 
significantly more likeable than the 2-screen group did, F(1,12) = 6.231, p = 
.030. When asked to comment on the locations used for the messages, four 
from the 4-screen group liked using the HUD, two the HDD, two the HCS 
location, and two did not give any specific information, while in the 2-screen 
group all chose to only use the HUD and, hence, suggesting they liked it 
more. 
 
Table 6.11 
Mean ratings for Likeability and Usability of the displays in the 2-screen and 
4-screen groups. 
  

Display 2-screen 4-screen 
 Likeability Usability Likeability Usability 

HUD 1.0 1.1 1.5 1.4 
HDD 2.8 2.8 2.0 2.4 
HCS   2.6 2.4 
CS   4.6 3.8 

 
The 2-screen Complex group chose the HUD for warnings overall (80%), 
serious failures (80%), and vehicle operation (80%) and HDD for service 
items (50%) and misc. reminders (50%) (Figure 6.12). The 4-screen Complex 
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group preferred the HDD (56%) for warnings overall and for miscellaneous 
reminders (60%), while the HUD was preferred for serious failures (60%), 
vehicle operation warnings (90%), and service items (40%).  
 
Table 6.12 
Most frequent preferred locations for driver information shown by display 
layout. 
 

Types of 
Information  2-screen % 4-screen % 
Warnings Overall HUD 80 HDD 56 
Serious Failures HUD 80 HUD 60 
Vehicle Operation HUD 80 HUD 90 
Service Items HDD 50 HUD 40 
Misc. Reminders HDD 50 HDD 60 

 

6.3.3 Overview of Simple and Complex data 
Overall, in Table 6.13, it can be seen that the Simple task groups performed 
better on all measures, the 2-screen groups better than the 4-screen group on 
all measures, and the 2-screen Simple task group spent the least time looking 
at the displays. A Kruskal-Wallis Test was conducted for these measures. For 
notice time were both the 2-screen groups significantly quicker to respond 
than the 4-screen groups (K(3,349) = 44.594, p = .000). For reset time were 
significant differences found for 2-screens Simple, which were quicker than 
both Complex groups and 4-screens Simple which, in turn, was quicker than 
4-screen Complex (K(3,349) = 180.788, p = .000). For glance time were 
significant differences found for 2-screens Simple, which were quicker than 
both Complex groups and 4-screens Simple, which, in turn, was quicker than 
both Complex groups (K(3,350) = 154.442, p = .000). For fixations were 
significant differences found for 2-screens Simple, which were quicker than 
all other groups and 4-screens Simple, which was quicker than 4-screen 
Complex (K(3,351) = 115.801, p = .000). For time off-road were significant 
differences found for 2-screens Simple, which were less than all other groups 
and 4-screens Simple, which was less than 4-screen Complex (K(3,340) = 
193.001, p = .000). For standard deviation from center of lane were 
significant differences found for 2-screens Simple, which was less than both 
Complex groups and 4-screens Simple which, in turn, was less than 4-screen 
Complex (K(3,340) = 31.892, p = .000).   
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Table 6.13 
Median performance in the Simple and Complex tasks for 4-screen and 2-
screen groups. 

Test Display Notice 
time 

Reset 
time 

Glance 
time 

Fixations Time off 
road 

Std dev from 
center of lane 

Simple 2-screen 1.20 2.65 .800 1.00 1.30 .272 
4-screen 0.59 3.04 .548 2.00 2.30 .355 

Complex 2-screen 1.00 20.15 2.50 4.00 10.65 .435 
4-screen 1.80 30.30 3.30 4.00 10.70 .468 

 
 
For choice of display location the 2-screen groups showed a greater 
preference for the HUD for Overall warnings, Serious Failures, and Vehicle 
Operation (Table 6.14). Both the Simple and Complex task groups agreed on 
what information should be placed in the HUD, while they were less certain 
about where Service Items and Misc. Reminders should be located. The 4-
screen group was less certain where Overall information, Service Items, and 
Misc. Reminders should be located. 
 
Table 6.14 
The four groups choices of locations of GDIs and the percent that preferred 
that location (Tables 6.5 and 6.11). 
 

 Simple task Complex task 
Types of 

information 
2-

screen % 4-
screen % 2-

screen % 4-
screen % 

Overall HUD 80 HUD 70 HUD 80 HDD 56 
Serious Failures HUD 90 HUD 80 HUD 80 HUD 60 
Vehicle 
Operation HUD 80 HUD 70 HUD 80 HUD 90 

Service Items HDD 40 HDD 40 HDD 50 HUD 40 
Misc. Reminders HDD 60 HDD 40 HDD 50 HDD 60 

 

6.4 Discussion 
The display locations had some effect on the participants driving 
performance. Telltales were noticed quicker by the Simple task 4-screen 
group and they had shorter glance times, while the 2-screen group spent more 
time looking on the road and drove better. Although 4-screen participants did 
not report a higher cognitive load they seemed to be more alert than the 2-



 116 

screen participants, probably because they had a heightened cognitive 
alertness since the task required peripheral scanning, which led them to be 
more alert and quicker to respond. On the other hand, the driving performance 
was not as good as the 2-screen groups, which only used the HUD. For the 
Complex task the participants had difficulty noticing the HCS and CS 
locations, the cognitive load was most likely too much, thus, restricting their 
attentional resources. The participants stated that they were not willing to 
complete similar tasks while driving in their own vehicles. The 2-screen 
group Complex group noticed the message quicker than the 4-screen 
Complex group and performed the task much quicker but this was not 
significant probably due to the missing data from the HCS and CS. The 
increased cognitive load did not hinder the 2-screen group from noticing the 
HUD, since both 2-screen groups were equally quick in noticing the HUD 
images.  
 
The difference between the Simple and Complex tasks was that the Complex 
task resulted in an increased cognitive load, reported as a higher stress. Due to 
the increased stress level the peripheral performance decreased and they most 
likely experienced cognitive tunneling (Bacon, 1974). The 2-screen Complex 
task group also showed an effect of an increased cognitive load, which was 
manifested by increased visual demand and temporal demand. It seems that 
the participants could rather easily notice telltales in the vehicle, from the four 
display locations, but when the task became more difficult the participants 
had difficulty noticing items near the attentional limit for secondary displays 
(Normark & Gärling, in press). It is possible that this 30° limit should be 
revised for situations of higher cognitive load and stress. 
 
The HUD experience in a simulated driving environment increased the 
participant’s interest in using the HUD for real driving applications. All four 
groups responded that the HUD was a good solution for driver information 
and rated it as being highly likable and usable. Those who used the 2-screen 
layout preferred the HUD to the HDD and those who used the 4-screen layout 
preferred the HUD to the HCS and CS, but significant differences were not 
found between the HUD and HDD. It seems that those who used the HUD 
during the whole test, the 2-screen groups, preferred the HUD more, and 
expressed this by rating it as being most likable and useable. Those who only 
used the HUD a few times, the 4-screen groups, rated the HUD as being very 
likable and usable, but not more so than the HDD. This shows that familiarity 
was an important factor to ones preference to the HUD, the user probably 
needs to experience the HUD and compare it to other locations over a longer 
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period before they can give a more accurate judgment of the display location. 
It is possible that this would also be true for the HCS and CS locations, 
although, it is not likely that they would be liked more than the HUD, since 
there were significant differences between them and the HUD for both driving 
performance and subjective performance measures. 
 
It seems that the participants found the HUD to be a good location for overall 
warnings, serious failures, and vehicle operation items. The 4-screen 
Complex group preferred the HDD for overall warnings and this was most 
likely a result of their minimal usage of the HUD and at the same time being 
under reported stress. They had no excess attentional resources over (Wickens 
& Hollands, 2000) to contemplate over the display locations during the 
experiment. Those who used the HUD less and experienced increased stress 
levels were not as comfortable in choosing the HUD over the HDD. There 
were two factors that limited the 4-screen groups, one, was that they had only 
a limited experience using the HUD and, two, was that they had little 
experience completing a task from unfamiliar display locations. If they were 
given more time to use the HUD and HCS maybe their opinions would 
change. In the case of the HUD it is possible that the HDD would become of 
lesser importance since the driving performance data shows that the HUD was 
advantageous and vision research shows displays located lower on the vertical 
plane are more difficult to read (Wickens et al., 1993). Even though research 
shows that the HUD and HCS are noticed quicker than HDD or CS displays 
(Wittmann et al., 2006) the Complex task participants had difficulties noticing 
the HCS messages.  
 
Overall, the Simple groups performed better than the Complex groups. There 
seemed to be a trade-off where a lower cognitive load led to a better driving 
performance, a somewhat heightened attention helped the drivers become 
more alert noticing the telltales onset quicker. The more complex task was 
experienced to be more visually and temporally demanding in the HUD, but 
not as stressful as when found in a spread out layout. It seems that the drivers 
felt uncomfortable reading messages that required them to look away from the 
traffic scene, because they possibly experienced a loss of control (Noble & 
Sanders, 1980) when required to conduct a demanding secondary task which 
reduced their attentional resource reserve (Moray, 1990) resulting in 
decreased driving performance (Zhang et al., 2006). Several of the 4-screen 
Complex participants were not able to complete the experiment correctly, 
because they were most likely overloaded (Noble & Sanders, 1980). The 
difference between the two Complex groups was in the display location alone.  
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The results of this study showed that the complexity of the task did negatively 
affect the participant’s ability to navigate the vehicle, while complexity and 
display location together had a greater effect on the subjective workload. It 
was also shown that a redundant display solution was not beneficial, because 
the most accessible display for each task was closer. The participants’ 
experienced heightened visual attention for the 4-screen simple tasks, but it 
was detrimental to driver performance for the more complex task. The results 
showed that critical warning information should be located in the HUD and 
non-critical reminders and service information should be found in the HDD. 
Displays further from the line of sight like HCS and CS were not chosen for 
warning information and a HUD display location can be used to help drivers 
conduct secondary tasks better, while driving even when cognitively 
overloaded. Using the HUD seems to reduce the risk for distraction that could 
be caused by secondary tasks. 
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7.1 Introduction 
Future motor vehicle improvements will also depend on enhanced driver 
performance (Lee, 2008). One possible way to help improve this is by 
grouping GDI and “lifting” them up closer to the traffic scene. By using a 
HUD, which is located high up near the driver’s line of sight, drivers could 
monitor the information, while scanning the traffic scene. It has been shown 
to be a viable and safe location for GDI (Harrison, 1994; Liu & Wen, 2004). 
The HUD is a “virtual-image display in which the symbology typically 
appears to be located at some distance beyond the cockpit, cab, or 
workstation” (Weintraub & Ensing, 1992, p. 1). When compared to HDD, 
drivers have shown to respond quicker to HUDs (Wittmann et. al., 2006), 
show a shorter scan time (Kiefer, 1991), show a lower recognition error 
(Okabayashi, Sakata, Fukano, Daidoji, Hashimoto, & Ishikawa, 1989), and 
quicker detection of pedestrians (Kiefer, 1998).  
 
Due to costs are experiments in driving simulators, or experiment vehicles, 
often limited to shorter periods of time, although, some larger on-road 
experiments have taken place over longer periods of time, like the 100 car 
naturalistic driving study (Dingus, Klauer, Neale, Petersen, Lee, & Sudweeks, 
2006). However, so far no larger test, to the author’s knowledge, has been 
conducted testing the HUD, though, there may have been tests conducted by 
private companies with private money, where the results are held proprietary. 
A longitudinal study of drivers in traffic would be a preferred solution for 
testing HUDs to reduce the “novelty effect” (Kiefer, 1991) and give a more 
true rating of the HUD.  
 
There is a growing trend where drivers are finding other solutions for HUD in 
vehicles. Nomad devices with navigation applications are being mounted on 
the windscreen, or high up on the instrument panel, near to, or within, the 
driver’s line of sight and more recent developments in a driving simulator 
show that drivers do perform better with navigation assistance and warnings 
(Liu & Wen, 2004) and with augmented collision avoidance helps (Charissis 
et al., 2008) in the HUD. Ten years after HUDs were introduced, it was stated 
that the overall driver acceptance for HUDs was low (Gish et al., 1999). 
Although HUDs are not widespread their popularity seems to be gaining with 
manufacturers. In 2003 the first European manufacturer installed a HUD and 
today at least six European manufacturers offer HUDs in a few high-end 
models.  
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However, there seems to be a gap in the literature, where drivers are tested for 
their acceptance of HUDs based upon use in their own vehicles in a normal 
traffic environment. It is one thing to test people in a test vehicle, or in a 
simulated driving environment, but another to test a HUD in drivers’ own 
vehicle, which they are comfortable with.  
 
Much work has been conducted in trying to determine intentions (Ajzen & 
Fishbein, 1969), attitudes towards a behavior (Fishbein & Ajzen, 1972), and 
the underlying components that influences behavior (Ajzen, 1991; Ajzen & 
Fishbein, 1980). Davis (1989) developed the Technology Acceptance Model 
(TAM) based upon the idea that perceived ease of use and perceived 
usefulness influence the intention to use a system in the future. This was 
based upon the theory of self-efficacy (Bandura, 1982), which states that all 
make judgments concerning how well a course of action can be executed. 
Self-efficacy is similar to the perceived ease of use factor in the TAM. The 
TAM “has become (a) robust, powerful, and parsimonious model for 
predicting user acceptance” (Venkatesh & Davis, 2000, p. 187). This model 
has been used frequently and helps to determine and predict people’s 
likeliness to use a technology in the future (Venkatesh & Davis, 2000). 
People tend to use, or not use, an application to the extent they believe it will 
help them perform their job better (Davis, 1989), but performance gains are 
often obstructed by users’ willingness to accept and use the system (Young, 
1984). Thus, “understanding and creating the conditions under which 
information systems will be embraced by the human organization remains a 
high-priority research issue” (Venkatesh & Davis, 2000, p. 186). With a HUD 
in a drivers’ own vehicle in traffic conditions could important knowledge 
concerning HUD placement location and perceptions of HUDs be gained, 
which could be used in further development of the HUD technology. 

7.1.1 Aim 
The aim of this study was to gain a better understanding of perceptions of a 
HUD and to gain insight in what way the HUD can be improved. The main 
research questions were:  

1. Do drivers accept a HUD for information presentation in the vehicle? 
2. Where do drivers prefer, based upon their actual experiences of a HUD, a 

HUD to be located on the windscreen?  
3. What information do they want to be found in a HUD? 
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7.2 Method 

7.2.1 Participants 
A request, via e-mail, was send to 2,000 individuals who were registered in 
the database Testplats Botnia. The website closed after three days and of the 
58 willing participants 42 were chosen to participate. To gain a broad test 
group as possible the drivers were chosen based on availability to use their 
vehicle for the test, sex, age, driving experience, and average distance 
travelled per week. Data from two participants were removed since they did 
not correctly follow given instructions. The average age of the participant’s 
were 40 years (SD = 13.98), their average driving experience 22 years (SD = 
14.19), and they drove an average of 437 km/week (SD = 409.25). Fifteen 
females and 25 males participated and all had either normal, or corrected to 
normal, vision. One of the participants had previous experience with 
automobile HUD’s, but the rest did not know what a HUD in an automobile 
was or did not know how it worked in the automobile, until after it was 
explained to them. All the participants navigated in rural, urban, and highway 
traffic. The participants drove an average of 153 minutes (SD = 91.70) using 
the HUD.

7.2.2 Equipment 
The device used to project the HUD image on the windscreen was an off-the-
shelf smart-phone. It was programmed to show speed information, which was 
updated via the built-in GPS receiver. A clear and understandable mirrored 
image of the actual speed was projected on the windscreen. The participants 
were instructed to conduct the drives in low light conditions for best HUD 
image. The numbers in the image were white, the font was 1.3 cm x 2.8 cm in 
size, and the device's luminance could automatically be adjusted. The 
participants were instructed to adjust the luminance to the level they felt most 
comfortable with while driving so that they could clearly and comfortably see 
the numbers. At the start of the experiment was the device placed on the 
dashboard, in front of the driver, where the HUD image would be reflected on 
the windscreen at about 15º below the line of sight (Figure 7.1).  
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Figure 7.1. The HUD image shown while in use in a participant’s vehicle
 
According to the literature this is the position also considered to be near the 
drivers line of sight and within HUD criteria (Green, 2007). The virtual image 
distance of the HUD was 100 cm (±10 cm) from the drivers’ eyes (Figure 
7.2). A tray with a “sticky” rubber material under, preventing it from sliding 
on the dashboard, and allowing it to be placed at different angles within the 
tray so that the HUD reflection would be as close to 90º to the driver’s eyes 
was used.  
 

 
 
Figure 7.2. Description of HUD layout in participant’s vehicles
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7.2.3 Procedure and experimental design 
Permission to conduct the experiment was granted by the Swedish Ethical 
Review Board. The participants were given information about the HUD and 
how it functions. They were then informed about confidentiality and asked to 
sign a consent form before completing a questionnaire adapted from the 
TAM. After this they were instructed on how to use the portable HUD device 
in their own private vehicles, instructed to drive as normally as possible, and 
adhere to the Swedish traffic regulations. They were asked to think, when 
using the HUD, about their impression of using a HUD and where they would 
prefer it to be placed. The task was to drive at least one occasion in each of 
the three days/evenings for 20 minutes and they were instructed to use the 
HUD in urban, rural, and highway traffic conditions, while testing different 
HUD locations. Upon returning the equipment the TAM questionnaire was 
administered once again, followed by a semi-structured interview that 
contained ten open-ended questions, which concerned their use of the HUD 
and how they would prefer to use it in the future.  

7.2.4 Data Analysis 
The participants’ placements of the HUD was measured in relation to the 
forward line of sight, with the participant sitting in their parked vehicle facing 
a parking lot with parked vehicles in front of them at a distance of 20 m. The 
participant was asked to look forward as they would while driving and a mark 
on the windscreen was made where they stated the center of their sight path 
was. This distance was measured and then the angle and distance to the HUD 
image was measured based upon the stated center point. The data was 
analyzed using pair-wise t-tests, Repeated Measures ANOVA, and tested for 
reliability using Chronbach alpha in SPSS version 18. 
 

7.3 Results 
The results of this study showed that the participants found the HUD to be 
more likable for speed information than their own vehicles HDD. Design 
concepts for a HUD information were also given based upon their 
experiences. 

7.3.1 Interview after using the HUD 
All the participants stated that they did like using the HUD and expressed that 
they would like to regularly use a HUD while driving. The overall response 
(Table 7.1) was that the HUD was more fitting for highway driving, since 
there was a lower chance for unexpected events to occur. Whereas in city 
traffic pedestrians, motorcyclists, cyclists, animals, and the possibility for 
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other unexpected events demanded that the driver kept their attention focused 
on the traffic scene.  
 
Table 7.1 
The participant’s responses to the open interview questions concerning what 
they would prefer to have located in the HUD (N = 40). 
 

Participants choices of what 
should be located in the HUD n % 

Important warnings 17 43 
Navigation helps 14 35 
Important traffic information 10 25 
Posted speed limit indicator 7 18 
Analogue image of speed in HUD 6 15 
All driving information 5 13 
Multimedia 5 13 
Only speedo 4 10 

 
The participants did state a need for other information, such as, warnings 
(43%), followed by navigation helps (35%), and traffic information (14%) to 
be made available in city traffic, which could improve driving safety. Several 
participants stated that when they became comfortable with the HUD they 
automatically stopped using the HDD. The size and color of the information 
was, by most participants, found to be satisfactory. However, three of the 
older participants did state that a larger font could be better for elderly people. 

7.3.2 HDD vs. HUD  
The participants rated their own vehicles speedometer, Head-Down Display 
(HDD), and the HUD for how easy they found them to use, first before and 
then after using the HUD in the experiment.  The ratings were as follows: 
HDD before (M = 5.44; SD = 1.165), HDD after (M = 4.41; SD = 1.12), HUD 
before (M = 6.23; SD = .902), and HUD after (M = 6.59; SD = .549). A 
Repeated Measures ANOVA on ratings of ease of use showed a significant 
effect of placement (HUD, HDD), F(1,38) = 91.702, p = .000, a significant 
effect of time (Before, After), F(1,38) = 6.416, p = .016, and a significant 
interaction between placement and time, F(1,38) = 91.702, p = .000. The 
interaction confirms that the increase in difference between mean ratings of 
HUD and HDD from before to after the experiment is valid (Figure 7.3). 
PostHoc tests at a level of significance of p = .05 with Bonferroni's correction 
showed that the ratings of ease of use of the HDD were lower after the 
experiment, ratings of HUD before and after were higher than the ratings of 
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HDD at both occasions, but the ratings of HUD had not changed significantly 
between before and after the experiment. All participants stated that they 
stopped using the HDD to read the vehicle speed during the experiment 
because it was easier to use the HUD. 
 

 
 
Figure 7.3. Ratings of Ease of Use for HDD and HUD before and after testing 
the HUD. 
 

7.3.3 Preferred location for HUD image 
The majority of the participants, 57%, preferred to have the HUD image 
directly in front of them just below their line of sight and 30% wanted it to be 
placed circa 5° below their line of sight. Thirteen participants wanted it 
located to the left of the center, while nine wanted it to be found more than 5° 
to the left, and five wanted it to be placed more than 13° to the right of center. 
In total 35% preferred the HUD to be located more than 10° to the right or 
left. Overall, the participants did not want the HUD image to be located 
within the line of sight, but just outside their focal vision where they could 
continually monitor the information while driving. Figure 7.4 shows the 
preferred HUD placements of the participants.  
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Figure 7.4. Preferred locations for HUD in relation to focal area and general 
field of view while scanning the traffic scene. The scale shows degrees from 
the participant’s center line of sight. 

7.3.4 Technology Acceptance Model and Attitude 
The participant’s ratings in the TAM showed a high level of acceptance to the 
HUD, both before and after the experiment (Table 7.2). The participant’s 
behavioral intentions to use the HUD were high and significantly increased 
after using the HUD. The participants did rate the HUD as having 
significantly higher perceived ease of use after using the HUD. All the 
components had a relatively high internal reliability. 
 
Table 7.2 
Pair-wise comparisons of the TAM and attitude factors before and after the 
experiment, with their means (M) and Chronbach α. 
 

Factor Before 
(M) After (M) df t Sig 

Behavioral 
Intentions 6.03 6.44 39 -4.229 .000 

α .603 .721 
Perceived Usefulness 5.13 5.30 39 -1.153 .256 

α .663 .692 
Perceived Ease of 

Use 6.08 6.43 
39 -2.725 .010 

α .757 .607 
 



 129 

7.4 Discussion 
Even though many were not familiar with a HUD before the experiment they 
rated it as being relatively usable before they used it and rated it as being very 
likable and usable. Since all of the participants stated that they stopped using 
the HDD during the experiment almost half of them expressed the need for 
important warnings to be shown in the HUD to prevent them from missing 
important information.  
 
The most preferred placement location was about 5° below the drivers line of 
sight, which agrees with earlier work (Inzuka et al., 1991; Wittmann et al., 
2006; Yoo, Tsimhoni, Watanabe, Green, & Shah, 1999). It would be 
reasonable to assume that they had a good understanding of their HDD’s 
usability, however, after they had tested the HUD they lowered the HDD’s 
rating from a 5.44 to a 4.41. A likely explanation for this might be that when 
drivers are allowed to test the HUD in a comfortable environment over a 
longer period reducing the novelty effect and in normal driving conditions 
they were able to respond with a more reliable judgment of the HUD. Even 
though the HUD image was not as clear as in production HUDs, e.g. not 
strong enough for daylight driving, and the GPS connection was not always 
100% the participants did rate it as being very usable and likeable. Good 
design shows that things that are perceived as easy to use are often preferred 
over other items that are perceived as less usable (Norman, 1988). In this 
study all the participants chose to use the HUD over the HDD, because it was 
perceived as being easier to use and probably gave them a better view of the 
traffic scene and driving situation. 
 
Since all vehicles with a HUD today show redundant information a question 
can be asked, is it necessary to show redundant information in the future? 
Redundancy is when similar information is presented in two display locations 
simultaneously and in this case speed is shown in both the HUD and HDD. 
The drivers chose here to use the most easy to use display for the task, which 
was in the HUD. Previous research shows that redundant information has not 
been advantageous for dual-task situations (Wickens & Gosney, 2003; 
Normark, Gärling, & Tretten, 2009). The argument that clutter would be a 
problem if too much information were to be added to the HUD is a relevant 
one, but this should not stop the development and implementation of the 
HUD. It is necessary to develop and test more advanced HUD images in 
longitudinal studies, just as with airplane HUDs (Kaiser, 1993). Motor 
vehicle operators can also get used to a layout with more information as pilots 
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have, thereby, enhancing their ability to sort and categorize information in 
relation to the traffic scene, which, in turn, might increase the overall safety.  
 
The TAM results show that the HUD received very positive ratings and after 
the experiment ease of use and behavioral intention, were rated more 
positively. Motor vehicle owners may more positively accept the HUD after 
becoming more familiar to the known safety improvements. Not that the 
HUD in itself is an important safety feature, but that it allows for presentation 
of safety system information in an easily noticeable location. According to the 
automobile industry “safety sells” (Hoffman, 2002) and it may be possible to 
use safety as an argument to sell in the HUD if more on-road studies could be 
conclusive of the HUD safety advantages. One problem today is that HUD 
has not been available to the average buyer, only to the luxury segment. The 
drivers in this study had the opportunity to rate what they thought was a 
optimal location, thus, if all had to use the exact same location it is possible 
the overall ratings for TAM would be lower. One significant result of this 
work is that the majority of the drivers did not want the HUD image within 
their focal area when driving, instead they chose to locate the HUD either to 
the right, below, or to the left of the immediate area looked upon. Another 
intriguing question is why 35% did choose to place the HUD more than 10° to 
either right or left of center? These locations could affect their ability to 
notice pedestrians, but, maybe, it still is a better location since many drivers 
already choose to place their navigators in either the right or left horizontal 
fields so that they don’t have the image directly in front of them. At the same 
time they do not need to stop scanning the traffic scene to notice what is 
presented on the navigator. This is much different from the standard vehicle 
instrument panel locations today. There is a mounting need for improved 
display techniques and display areas, because it is getting crowed on the 
dashboard. The results of this study show that HUDs are well liked when 
given the opportunity to be tested and that the HUD should be located outside 
the drivers focal area, outside the recommended 10° given for warnings by 
SAE J2400 (2003). 
 
In conclusion it is necessary to understand that often do new technologies 
bring with them new, unforeseen, problems, although, it would be beneficial 
to inform drivers about the HUD and its advantages, which could lead to a 
greater interest from both the customers and manufacturers to further develop 
the HUD interface. 
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88  General Discussion 
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8.1 Introduction 
In an attempt to gain significant knowledge about how users perceive in-
vehicle information was the User-Centered Design (USD) approach (Gould & 
Lewis, 1985) used in the thesis work. As explained earlier this design method 
uses empirical methods to develop artifacts that are meaningful to the users 
(Simon, 1969/1996) and to produce knowledge for the research community 
(Zimmerman, et al., 2007). This exploratory process of developing an artifact 
or knowledge on how to produce an artifact is an important part in the 
research-through-design process (Frayling, 1993) for the field of traffic 
research.  
 
User-Centered Design 
The emphasis of User-Centered Design (UCD) is on user needs and not on a 
specific solution. The UCD cycle begins with concept formation, then 
followed by prototype development, and finishes with the evaluation phase. 
But as the design cycle progresses the design evolves based upon knowledge 
from each earlier study. The design cycle is shown in Figure 8.1 and this 
model is used to show how it is a continuous process, there adjustments are 
made based upon what was learned previously.  
 

 
 
Figure 8.1. Design cycle, from concept formation, to development, and 
evaluation. 
 
This thesis research began the concept formation process in cooperation with 
experts from two automobile manufacturers and researchers of engineering 
design and engineering psychology. The whole aim of Study 1 was to gain an 
overall picture of how information could be categorized for further testing. 
Three markets were chosen for their specific characteristics, China, Sweden, 
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and US. Since the focus was to be upon driver performance no further work, 
besides a literature study, was conducted concerning market differences.  
 
For the second phase, prototype development, were experts and users 
addressed through interviews and/or questionnaires since it is important to 
access their knowledge, ideas, and attitudes. Potential users were then 
consulted in the development of the next study. Work was followed with a 
pilot study, testing for robustness, and if necessary, adjustments were made 
before the full study was conducted. For the third phase were the results from 
the preliminary studies analyzed and evaluated. Then the results were used as 
a foundation to the concept formation for future work, which is the next phase 
in the user design process. The results were used to enrich the field of 
research and to give recommendations for a refinement of information 
grouping and HUD image development. 
 

8.2 Emotional design 
Aesthetics are important for society and motor vehicles, but are not easily 
explained or understood within the natural sciences, thus, it is more of a 
philosophical activity. The results can be quantified, but in most cases the 
aesthetic qualities are difficult to explain. The Gestalt laws help, but the 
aesthetic experience is not completely explained by them either (Leder, et al., 
2004). An example of the aesthetic and semantic characteristics used in 
vehicles is the motor temperature gauge. It is both functional and usable in 
communicating to the driver-needed information. Although, the temperature 
gauge does not function as the drivers may think it does. Most often these 
gauges only function as a warning, that is, because they only present part of 
the truth. The gauge shows that the engine warms up, cools down, and if it 
overheats. What is missing is the actual temperature, in real-time. The gauge 
only functions like a warning in most average vehicles. In earlier generations 
did the gauge show the actual temperature, but due to a lack of knowledge of 
engine temperature fluctuations, vehicle owners complained that the engine 
was overheating. This analog “warning” solution was seen as the remedy to 
this problem. More or less is the gauge used for styling purposes instead for 
its usability and just as before the normal overheat warning light is still found 
in vehicles. The purpose of the temperature gauge is to give the operator an 
experience of wholeness. The semantic experience is very important to the 
overall aesthetic experience (Veryzer, Jr., & Hutchinson, 1998) and, thus, a 
dashboard without a temperature gauge would most likely be deemed as 
incomplete. This is an example of how the aesthetic values are used to 
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promote a better emotional experience and aesthetics may play a more 
important role than ergonomics, because they are easier to distinguish and 
have emotional values (Helander, 2003). Even though something does not 
have a function it still may contain important aesthetic and semantic 
properties that help produce the whole user experience. The three levels of 
user needs (Jordan, 2000) can be fulfilled through obtaining functionality, 
usability, and pleasure in the product.  
 
Concerning the HUD the participants stated that the HUD was, usable, 
likable, and fun to use, which definitely was an unexpected emotional 
response. Somewhere in the process of the test the participants formed a 
relationship to the HUD becoming emotionally attached. Even the fear of 
using a new technology, which was an expressed concern by some, had 
disappeared by the end of the study. This showed that the simplicity and 
accommobility of the HUD solution did appear to reach the highest level of 
user experience, reliance, which is only reached after one masters the artifact 
and is able to use it seamlessly (Krippendorff, 2006). After deeper analysis of 
the ratings of usability, likability, and interview responses a conclusion was 
made that the HUD in its simplicity was an aesthetically appealing display to 
the participants. The preliminary goal of this project was to find and/or 
develop a safe and attractive display for automobiles based upon the 
aesthetically attractive characteristics of a displayed image. Unbeknownst the 
solution had little to do with the graphical/visual attractiveness, but 
everything to do with the whole experience of functionality, usability, and 
pleasure, which the HUD gave. It is not likely that repeated exposure (Zajonc, 
1968) increased the participant’s affections towards the HUD since the 
participants in Study 2 also liked the HUD after a short period of use. An 
optimal situation is when both the emotional experience and actual 
performance are high, like it was for the HUD. The results point to the fact 
that the higher the fidelity level of the HUD in the experiment, the greater the 
rating. In Study 3 the HUD was rated as very usable and likable and the 
participants even spontaneously expressed an interest in owning a similar 
HUD solution or a vehicle with a HUD.  
 
But as explained earlier, emotional experience is not based upon an artifact 
itself, but upon ones thoughts, beliefs, values, and attitudes towards a product 
(Demirbilek & Sener, 2003). In this way the HUD and the emotional 
responses to it were not built upon a specific solution but instead on how the 
artifact provoked the mental facilities. This knowledge can be used for the 
design of graphical/visual interfaces for vehicles.  
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The HUD seems also to be fun to use. Why? Possibly because it is a new 
gadget and the novelty factor was high. The HUD was a high-tech solution 
that was simple, easy to use, and allowed the driver a new experience while 
driving. The new experience was the possibility to monitor speed without 
taking the eyes off the road. Even though this need was not expressed in 
Study 1 the cumulative results give support to the idea that people do not 
always know how to express their needs in an abstract situation (Laurel, 
2003). Therefore the process of using different types of representations was 
helpful in allowing the users express their needs, to question their ideas, to 
contemplate, and realize the possibility of new solutions, which led to the 
further development of display locations. 
 
There is an emotional bond between the driver and their vehicle (Sheller, 
2004) and the idea is to build upon that and develop a stronger bond to where 
drivers can know that they are safe in traffic. This emotional bond to ones 
vehicle seems to surpass socio-cultural boundaries (Sheller, 2004) and it is an 
emotional response that is symbolic (Krippendorff & Butter, 1989). People 
seem to be empowered by vehicles and they give them a freedom that is not 
comparable with other types of modern transportation. This is the type of 
connection to the ideo-pleasure of products that Jordan speaks about; namely 
it connects with people’s values, tastes, and attitudes (2000). This work 
showed that the HUD made this connection. 
 
An optimal solution would be to find a way to communicate to the driver 
semantically roadway conditions so that one willfully choses to or naturally 
drives safer. In many ways it seems that posted speed limits are not an 
optimal solution because drivers do not hold the speed limits. During 
conditions of low traffic people tend to speed, but if poor weather conditions 
they must drive slower. The optimal solution would be to promote heightened 
safety and at the same time restrict the driver’s desire to stretch those safety 
margins. Is there a solution that can communicate to the driver safety without 
the response being that they want to press the boundaries? 
 

8.3 SRK design implications 
This work also deals with traffic safety as well as design of driver 
information. Within the framework for UCD was the SRK taxonomy 
(Rasmussen, 1983) used to guide the experiment design and analysis of the 
data. The SRK taxonomy steps are: (1) a formalized description of the 
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categories of tasks, (2) a task described based upon human mental functions, 
(3) an analysis of human performance in a real-life situation to identify 
strategies and subjective performance criteria, and (4) different types of 
experiments are to be used to evaluate design concepts.  

8.3.1 Description of categories 
A focus was placed on studying and analyzing the participants/users 
responses both quantitatively and qualitatively to find out how driver 
information could be used. In Study 1 the HUD was chosen for some crash 
prevention helps and the HDD for other equally important or critical 
information. The participants were imaginative for unfamiliar information 
types and rather conservative for common information. This showed that 
there was a need for a more realistic experiment. The results in Study 2 
quantified the participants/users responses into categories of information 
types and locations through the performance measures and the DALI 
workload index. The trends discovered in Study 2 showed that drivers wanted 
a separation of driver information in different display locations based upon 
the information types. The driver performance data also showed that the HUD 
produced the best results and that the HCS was somewhat better than the 
HDD and CS locations for simple tasks. 
 
Information grouping 
As recommended a formalized description of the categories of the tasks were 
determined based upon the information’s level of criticality to the drive. 
Initially were three groups developed based upon type warnings, GDI, and 
IVTs. This was taken a step further and divided in warning categories, overall 
driver information, serious failures, vehicle operation warnings, service 
items, and misc. reminders. Finally was information categorized based upon 
criticality in relation to the drive, taking into consideration all driver 
information, which resulted in critical, non-critical, useful, and comfort 
information. These are critical information, e.g. speed information, warnings 
to prevent crashes and mechanical failures, non-critical information, e.g. 
warnings for malfunctions, operation information, and reminders, useful 
information, e.g. status indicators and guidance information, and, finally, 
comfort information, e.g. climate control and entertainment information.  
 
The SRK taxonomy was used as a tool to analyze, group, and split the 
information into one of the three levels based upon how the drivers interacted 
with them. Items that pertain to synchronic activities would be signs or 
symbols, which would be responded to rather automatically like how drivers 
automatically move their foot from the gas to the brake when the brake lights 
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of a lead vehicle are actuated. Items that pertain to diachronic activities are 
those that require some evaluation and planning, e.g. the reading of a posted 
speed. Items that pertain to achronic activities are those that require an 
outright decision based upon the driver’s knowledge resources (Groeger, 
2000), e.g. like when a driver is faced with an unexpected detour sign. These 
are shown in Table 8.1, where the PCA components from chapter 5 are placed 
in three of the four SRK interaction levels. 
 
Table 8.1 
An example of how the PCA groupings from Study 1 can be grouped into the 
different types of SRK taxonomy interactions.   
 

Synchronous Synchronic  Diachronic Achronic 

Warnings Serious failures 
Driving 
critical 
Safety 

Maintenance 
Need attention 

GDI Safety 
Operation 

Pre-drive 
Extra info 
Comfort 

IVTs Crash 
prevention 

Speed control 
Safe forward 
travel 

Safe navigation 
Extra helps 

 
In this thesis it is recommended that driver information is categorized and 
grouped together with similar types of information, which address the driving 
task and the driver’s interaction to the systems. If the groups are appropriately 
placed in the vehicle their groupings and locations could help communicate 
important semantic values. The results of Study 2 showed that a location itself 
could be used to communicate urgency or criticality. In this way the HUD, 
which was easiest to monitor, could appropriately communicate the most vital 
functions of the vehicle. It is also possible that the different parts of the 
windshield also could be used to display different levels of criticality, in a 
similar way the HUD, HDD, and HCS were chosen to do. Items place in the 
center could be used for the critical information, about 15° left of center could 
be used for non-critical information, and about 15° right of center could be 
used for useful information. 
 
Another possible solution, worth further study, is that information could be 
grouped and made available based upon the driving activity. Certain types of 
information can be made available when the vehicle is parked, e.g. service 
intervals and fluid levels, others while driving in traffic, e.g. traffic 
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information, and a third type at highway speeds, e.g. navigation, etc. If this 
type of solution is implemented then the display area(s) could be reduced and 
help lower the risk for clutter (Horrey & Wickens, 2004). 
 
Information placement 
The ratings showed that different categories of information and their choice of 
locations were of greater importance than the ratings of specific items. Both 
the participant’s ratings and choice of locations were analyzed and showed 
that the participants wanted the information to be grouped according to 
importance and type (Table 8.2). It was shown that driving information could 
be split up between displays depending upon its relative importance to the 
drive. Based upon this, critical information should be located close to the 
traffic scene, non-critical information in the HDD, useful information was 
items that need planning, e.g. navigation, service intervals, etc., in the HCS, 
and comfort information in either the HCS or CS. As explained earlier was 
the driver information separated into categories based upon the driver’s 
interaction with the information, here the categories are placed into different 
display locations. 
 
Table 8.2 
Example of display locations where driver information can be placed in 
based upon the SRK taxonomy interactions and PCA groupings. 
 

HUD HDD HCS CS 

Critical Non-critical Useful 
Comfort Comfort 

Synchronic Crash prevention 

Diachronic 

Serious failures 
Speed control 
Safe forward travel 

Safety 
Operation 

Comfort * 
Safe navigation 
Need attention 
Extra info  

Comfort** 

Achronic 
Maintenance 
Pre-drive 
Extra helps 

 

* Study 2 ** Study 1 
 
The synchronous interaction is left out because it pertains to things that occur 
in sync with the current situation. It is possible that this type of interaction 
occurs for drivers, but at this time drivers steer, brake, and accelerate “in 
sync” with the changes in the environment and not changes alerted by 
vehicle’s own systems. Two types of interactions were chosen to be located in 
the HUD, synchronic and diachronic. Crash prevention items were 
synchronic and located at the Skill-based level because drivers can learn to 
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automatically respond correctly to what the icons and symbols warn for. 
Items that require evaluation and planning are a diachronic interaction and are 
found at the Rule-based level because the responses need to be learned. It is 
possible that some of the individual items could be placed in the synchronic 
interaction but overall the groups deal with responses that need some type of 
planning, e.g. low fuel level. Although a driver often may respond quickly, 
the response “I’ll fuel the vehicle on the way home” requires some experience 
of fuel consumption and knowledge of the available fuel stations to make an 
educated decision. Items that require an achronic interaction are at the 
Knowledge-based level, which means that the driver needs to consider the 
situation and choose from one of several equally correct solutions. These 
interactions are uncommon and occur in uncommon or unfamiliar 
environments or situations. The items that were placed here dealt with rare 
events. Since they do not occur often the driver is not prepared to make a 
quick judgment. This is of course an over simplification, but the general 
intention is to show that items which are to be responded to “in sync” are 
located in the HUD or HDD locations, while items that demand more 
attention and a greater cognitive attention were to be located in the HCS. The 
design recommendation based this is that the HUD and HCS are to be 
prioritized locations. 
 
HUD 
A relatively unexploited display area is the HUD. It is quite possible that 
drivers, in general, are satisfied with their own vehicle’s display locations just 
as the participant’s in Study 3. Not before the participants tested and 
compared the HUD to their HDD, did they realize the benefits of using it. The 
driver’s did experience better control of the traffic situation when using the 
HUD showing that the HUD is a viable alternative to HDD. An important 
result concerning the HUD location was that it should be located straight 
ahead approximately 5° below the drivers line of sight. Along with that all 
driving critical information and advanced crash prevention indicators should 
be located in the HUD and, finally, the HUD seemed to be a potentially 
attractive display area for car buyers.  
 
HCS 
The HCS location was chosen for items from the categories useful and 
comfort. Even though the participant’s responses showed that they were not 
as comfortable using this display, they did notice telltales here rather quickly. 
The results showed that the HCS could be monitored with peripheral and/or 
ambient vision and the HCS was attractive to the drivers because it could be 
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used to present more detailed information. Information, which demanded 
greater cognitive processes, like achronic activities, should be located here, 
because it is out of the line of sight and yet when attended to the traffic scene 
is within peripheral vision. It must be noted that the HCS location is closer to 
the traffic scene than the HDD and CS locations, where much driver 
information is commonly located today. Drivers do normally place nomadic 
GPS devices on the windscreen just above this HCS location, thus, 
monitoring guidance information at high-up locations is not foreign to many 
drivers, which led to the idea that there may be some unrealized advantages to 
the use of information in this location.  

8.3.2 Human mental functions 
The human mental functions are an important part of the driving task 
(Groeger, 2000). To help describe how the mental functions work is the 
information-processing model used (Wickens & Hollands, 2000). It is a 
framework for analyzing the different psychological processes that are used in 
the interaction with systems. The performance measures chosen for Study 2 
were based upon the driver’s perception, attention resources, working 
memory, and ability to execute a response and even to respond to visual 
feedback. These were notice time, reset time, glance time, fixations, time off-
road, standard deviation from center of lane, and DALI workload measures 
(Pauzié et al., 2007), global attention demand, visual demand, auditory 
demand, tactile demand, stress, temporal demand, and interference.  
 
The Yerkes Dodson Law (Yerkes & Dodson, 1908) states that arousal 
improves performance, while too much arousal or stressors cause 
performance to decrease. The results showed that the simplest task (2-screen 
Simple) resulted in slower notice times than a little more complex task (4-
screens Simple). The heightened arousal needed to detect the onset of telltales 
from a spread out layout helped the drivers notice and respond to the 
information quicker than for those who used the HUD. When the task became 
complex and the attentional resources were loaded the HUD location helped 
improve performance. The drivers reported a high visual and temporal 
demand but did not report a higher stress level. The complex group’s 
attentional resources were most likely restricted, but they were anyhow able 
to respond and execute the tasks correctly. On the other hand, those who 
conducted the complex task with a spread out layout (4-screen) reported that 
they were stressed and a possible symptom of this was that their attentional 
resources restricted them to the point that several were not able to notice 
items 30° to the right. 
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A redundant display solution was not beneficial to the participants, because 
they chose the most accessible display for each task. The driver’s experienced 
heightened visual attention for the 4-screen simple tasks but it was 
detrimental to driver performance for the more complex task. The redundant 
images were not identical, the HUD was digital and the HDD was an 
analogue indicator. Both 2-screen groups received speed and identical 
telltales/messages in both locations. The digital indicator is more difficult to 
read than the analogue (Schwartz & Howell, 1985) so it would be more likely 
that the drivers would chose the easier to read indicators, but the HUD was 
used almost exclusively for speed information and the telltales/messages. 
Displays beyond the 15° are much more difficult to notice and are not clearly 
seen (Green, 2007), thus, the HUD which was within 15° of the line of sight 
was clearly the easiest display to monitor.  
 
These results showed that critical warning information should be located in 
the HUD and non-critical reminders and service information should be found 
in the HDD. Displays further from the line of sight like HCS and CS were not 
chosen for warning information. To reduce the risk for error it is necessary 
that the visual field is not cluttered, information is grouped according to type 
(Wickens & Carswell, 1995), and the information is understood quickly and 
correctly. The information should be compatible to the driver’s mental model 
of where priority information should be located and the semantics of the 
display system should reflect the constraints of the system (Rasmussen & 
Vicente, 1989). 

8.3.3 Human performance 
The design implication here is that the vehicle must function together as a 
whole system, in which, the parts are “in sync” with each other. If they 
function correctly this would help the driver to respond correctly in times of 
increased cognitive load. System managers are used in some motor vehicles 
restricting the use of the telephone when the vehicle is driven erratically or in 
a turn/curve. According to the SRK taxonomy the following four rules need 
to be taken into consideration to help reduce the risk for error when using a 
system. (1) Task design, there need to be mental aids to help the driver with 
the task. In the case of in-vehicle information the use of Ecological Interface 
Design would be advantageous for design (Rasmussen &Vicente, 1998). (2) 
The equipment design should help the user to conduct the task easily. In 
Table 8.2 the driver information was separated into display areas based upon 
how the drivers interact with that information. The goal of a design for driver 
information is that interaction with the vehicles systems would not distract the 
driver’s attention. (3) The drivers should be trained to be “in sync” with the 
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system, so that they respond automatically to changes in the system. A 
solution would be to design telltales and messages so that the drivers’ 
interaction would be as seamless as possible. For this to occur the system 
feedback needs to be instantaneous so the driver can respond synchronously. 
(4) If the first three rules are not enough then the task or methods of use need 
to be standardized, so that the rules of operation are taught for correct use. 
This would concern the use of high beams there the driver does not always 
know how the intense light affects the surrounding environment, therefore, 
are regulations given concerning its usage. The information should be 
categorized and grouped accordingly so that the drivers could develop a 
mental model of the system, which would help them to respond correctly, 
even when under a high cognitive load.  
 
A design concept 
There are improvements that can be made concerning the drivers’ use of the 
speedometer. Presently when drivers read a posted speed several mental steps 
are taken before a correct response can be made. First the sign must be read 
and interpreted, secondly, the vehicle’s speed must be known, thirdly, the 
posted speed most be related to the vehicle’s speed, and then a judgment 
needs to be made concerning whether to accelerate, decelerate, or maintain 
status quo. Often this occurs automatically, but when distracted a driver can 
easily err, most often by seeing, but not noticing what the posted speed limit 
was. A viable solution would be to present the driver with an analog image 
that shows the relationship of the vehicles actual speed in relation to the 
preferred speed limit. If possible an Ecological Interface solution would be 
both inviting, but at the same time not perceived as demanding (Rasmussen 
&Vicente, 1998). This type of chunking of two types of information into one 
image, could help the short-term memory processes better (Lidwell, Holden, 
& Butler, 2004). 

8.3.4 Evaluation of design concepts 
It is recommended that different types of studies are used to analyze the 
design concepts and a priority is to be placed on the qualitative studies so that 
the users understanding of the situation is brought forth. In this thesis were 
several types of studies conducted, a questionnaire, a simulator study, and a 
real life situation. These showed that each step in the process was important 
for concept development and none of the studies could have replaced the 
other. In continuation it should be noted that a simulator study needs to be 
conducted, testing the groupings of information and the design of how 
information is to be communicated to the driver also needs to be developed 
and tested. 



  

  



  

 

99  Contributions 
 



  

 



 147 

9.1 Conclusions 
Based upon the results from the studies in this thesis six general conclusions 
were made. They are presented and explained under the headings: market 
differences, grouping of information, information placement, interface design, 
attractive design, and redundancy. 

9.1.1 Market Differences 
Even though it was shown in Study 1 that the participants mainly seemed to 
prefer the commonly used locations, an exception was found for the IVTs. 
The Chinese prioritized safety systems used to prevent crashes, the Swedish 
wanted to monitor vehicle functions, and the US placed importance on safety 
and indicators that let them know when to service the vehicle. The Swedish 
and US wanted the HUD to be used for information that could help them 
prevent crashes, while the Chinese wanted this information to be located in 
the HCS otherwise the most common locations in standard vehicles were 
preferred. 

9.1.2 Grouping of Information 
The grouping of information should be considered based upon the criticality 
of the message and how the driver interacts with that information. Four 
groups of information were produced, critical items, non-critical items, useful 
information, and comfort information. The information chosen for each group 
should be tested to see how drivers use that information, since some types of 
information are misunderstood by the user and could be used incorrectly or 
not used at all. 

9.1.3 Information placement 
According to the display areas studied in this thesis could information be 
grouped according to the display locations. There were two groupings done; 
one based upon the SRK design interaction and the other upon the 
participant’s choice of locations. Both groupings showed similar results. 
Critical information was to be located in the HUD. Items of vehicle operation, 
and non-critical information were chosen to be located in the HDD. Items that 
were useful to the drive and needed to be monitored by the driver where 
located in the HCS, e.g. navigation, menus, entertainment, climate status, etc. 
The final location, the CS, was not a preferred location, due to the distraction 
risk associated with interacting with information systems far from the traffic 
scene. An important point for consideration was that the HUD solution could 
also show different types of information based upon its location in the field of 
view. Items in front and in center are the most critical, while items 15° to the 
right or left could be navigation and non-critical information. 
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9.1.4 Interface Design 
An analog image of speed information in the HUD would be visually 
advantageous. In the process it was noted that several participants preferred 
an analog solution and expressed the need to be reminded of the posted speed 
along with the vehicle’s speed. Similar solutions are available in some 
vehicles today, but an icon beside the speedometer in the HDD can be 
improved upon. All manufacturers want to present information that is easily 
understood and highly usable, therefore, the information could be presented in 
an ecological fashion like in what the Ecological Interface Design prescribes. 
There could be definite advantages to using the HUD area for speed and 
safety features. Such an image could be used to express semantic qualities of 
both the vehicle speed and the optimal speed for the conditions in a way that 
the driver could respond to at a synchronous or synchronic level. One needs 
to remember that users are looking for pleasurable experiences, something 
that is necessary and discrete at the same time. There is much room for 
improvement in the interface design of vehicle displays and good design can 
reduce cognitive overload, boredom, and/or distraction. 

9.1.5 Attractive Design 
An attractive solution for the display of information does not have to do with 
the fact that something is aesthetically beautiful. Even though the graphical 
image of the HUD was not unique, the whole concept of being able to read 
the vehicle's speed without needing to take the eyes off the road was positive. 
A conclusion was that the information via the HUD was attractive to the 
users, because it seemed to fulfill both the four levels of pleasure and the 
three levels of user experience. If an ecological interface solution, can be 
developed for the HUD the emotional attachment most likely will increase 
even more. 

9.1.6 Redundancy 
Redundant information was not necessary. If the HUD can be deemed as an 
appropriate sole solution for driver information then the redundancy could be 
removed. Wickens and Gosney (2003) also show that redundancy is not 
always advantageous, but in these studies the less convenient location was not 
used at all.  
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9.2 Future Work 
Some questions arose from this work that should be studied further: 

• Driver performance measures of the on-road test should be conducted to 
quantify the participants’ subjective responses concerning the on-road 
study. 

• Approximately 33% of the participants in Study 3 chose the HUD to be 
located either 10° to the right or left of the drivers line of sight. An in-
depth study of these positions could result in helpful data concerning 
driver performance.  

• Only speed information was tested for functionality, usability, and 
likability, therefore, it would be advantageous to test warnings and 
other information in the HUD to verify their actual usefulness.  

• The speed information image in the HUD should be developed so that 
an analog image can be used in a minimal area. Moreover, development 
and testing of an analog speedometer image together with a system that 
could present the posted speed limit in an intuitive way could be 
beneficial.  

• The HUD studied was located at a focal distance of about one meter 
from the driver and traditional HUDs are located beyond two meters. 
There is very little work done on the focal distance of HUDs, thus, it 
would be appropriate to look into this since the dimension of depth can 
add to the effectiveness of information display.  

• The HUD and HCS display locations can be further developed to 
promote traffic safety through the grouping of and separation of driver 
information.   

• Information intended for the HCS should be developed for improved 
driver comprehension. Since much information has been proposed to be 
placed there, work on functionality, usability, and pleasure should be 
conducted concerning this information. 

• The individual market differences should be tested in the respective 
markets with a driving simulator test. It would be beneficial to learn 
more about the market differences for future vehicle design. 

• The Swedish participants in Studies 2 and 3 seemed to find the HUD as 
a natural extension or replacement of the HDD. This should be tested in 
the Chinese and US markets since it would be very pertinent to study 
the markets inclination to HUD usage. 

 



  



 151 

 
 

 

110  References 

  



 152 

  



 153 

Aaker, J. L. (2000). Accessibility or diagnosticity? Disentangling the influence of 
culture on persuasion processes and attitudes. Journal of Consumer 
Research, 26, 340-357. 

Aaker, J. L., & Maheswaran, D. (1997). The effect of cultural orientation on 
persuasion. The Journal of Consumer Research, 24(3), 315-328. 

A.C.Nilsen (2005). Consumers in Asia Pacific - Car Ownership and Our Purchase 
Intentions. Retrieved from http://www2.acnielsen.com/reports/documents/ 
2005_automotive.pdf 

Adler, P. S. & Winograd, T. A. (1992). Usability: Turning Technologies into Tools. 
New York: Oxford University Press. 

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and 
Human Decision Processes, 50, 179-211. 

Ajzen, I., & Fishbein, M. (1969). The prediction of behavioral intentions in a 
choice situation. Journal of Experimental Social Psychology, 5, 400-416. 

Ajzen, I., & Fishbein, M. (1980). Understanding attitudes and predicting social 
behavior. Englewood Cliffs, NJ: Prentice-Hall. 

Akner-Koker, C. (2007). Form & Formlessness: Questioning Aesthetic 
Abstractions through Art Projects, Cross-disciplinary Studies and Product 
Design Education (Doctorial thesis). Chalmers University of Technology, 
Gothenburg, Sweden. 

Alm, H., & Nilsson, L. (1995). The effects of a mobile telephone task on driver 
behaviour in the car following situation. Accident Analysis and Prevention, 
27, 707-715. 

Asch, S. E. (1946). Forming Impressions of Personality. Journal of Abnormal and 
Social Psychology, 41(3), 258-290. 

Ashley, S. (2001). Driving the info highway. Scientific American, 285(4), 1-8. 

Bacon, S. J. (1974). Arousal and the range of cue utilization. Journal of 

Experimental Psychology, 102(1), 81-87. 

Bandura, A. (1982). Self-Efficacy mechanism in human agency, American 
Psychologist, 37(2), 122-147. 

Bagozzi, R. P., & Dholakia, U. (1999). Goal getting and goal striving in consumer 
behavior. Journal of Marketing, 63, 19-32. 



 154 

Bagozzi, R. P., Wong, N., Abe, S., & Bergami, M. (2000). Cultural and situational 
contingencies and the theory of reasoned action: Application to fast food 
restaurant consumption. Journal of Consumer Psychology, 9(2), 97-106. 

Bell, S. S., Holbrook, M. B., & Solomon, M. R. (1991). Combining esthetic and 
social value to explain preferences for product styles with the incorporation 
of personality and ensemble effects. Journal of Social Behavior and 
Personality, 6(6), 243-273. 

Berry, J. W. (1993). An ecological approach to understanding cognition across 
cultures. In J. Altarribe (Ed.), Cognition and Culture: A Cross-Cultural 
Approach to Psychology (pp. 361-375). Amsterdam: North-Holland. 

Bertelsen, O. W. (1996). The Festival Checklist: Design as the Transformation of 
Artifacts. In J. Blomberg, F. Kensing, & O. Dykstra-Erickson, (Eds.) 
Proceedings of the Participatory Design Conference, Computer 
Professionals for Social Responsibility, (pp. 1-9). Palo Alto, CA, 93-101. 

BilSweden (n.d.) Number of vehicles sold in Sweden [Topplistor]. Retrieved from 
http://www.bilsweden.se/web/topplistor_1.aspx 

Bishop, R. (2005). Intelligent vehicle technology and trends. Norwood, MA: 
Artech House Inc. 

Blanco, M., Biever, W., Gallagher, J. P., & Dingus, T. A. (2006). The impact of 
secondary task cognitive processing demand on driving performance. 
Accident Analysis and Prevention, 38, 895-906. 

Blood, A. J., & Zatorre, R. J. (2001). Intensely pleasurable responses to music 
correlate with activity in brain regions implicated in reward and emotion. 
Proceedings of the National Academy of Science, 98(20), 11818-11823. 

bmw.com (n.d.). Retrieved from http://www.bmw.com/com/en/newvehicles/ 
7series/sedan/2008/allfacts/design/interieur.html 

BMWblogg.com (2010). Retrieved from http://www.bmwblog.com/2009/11/24/ 
f10-5-series-the-highlights/ 

Booth, P. (1989). An Introduction to Human-Computer Interaction. London: 
Lawrence Erlbaum Associates. 

Bornstein, R. F. (1989). Exposure and affect: Overview and meta-analysis of 
research, 1968-1987. Psychological Bulletin, 106(2), 265-289. 



 155 

Brand, J. E. (1990). Attitudes toward advanced automotive display systems: 
Feedback from driver focus group discussions. Southfield, MI: Brand 
Consulting Group. 

Briley, D. A., Morris, M. W., & Simonson, I. (2000). Reasons as carriers of culture: 
Dynamic versus dispositional models of cultural influence on decision 
making. Journal of Consumer Research, 27, 157-178. 

Brown, J. S., & Duguid, P. (1994). Borderline Issues: Social and Material Aspects 
of Design. Human-Computer Interaction, 9(1), 3-36. 

Bureau of Transportation Statistics (2008). National Transportation Statistics. 
Retrieved from http://www.bts.gov/publications/national_transportation_ 
statistics /#chapter_3 

Button, G. & Sharrock, W. (1994). Occasioned practices in the work of software 
engineers. In M. Jirotka & J. Goguen (Eds.), Requirements Engineering: 
Social and Technical Issues, (pp. 217-240), London: Academic. 

Bødker, S. (1991). Through the Interface: A Human Activity Approach to User 
Interface Design. Hillsdale, NJ: Lawrence Erlbaum Associates, Inc. 

Bødker, S. (1998). Understanding representation in design. Human-Computer 
Interaction, 13, 107-125. 

Bødker, S. & Burr, J. (2002). The design collaboratorium – A place for usability 
design. ACM Transactions on Computer-Human Interaction, 9(2), 152-169. 

Caird, J. K., Chisholm, S. L., & Lockhart, J. (2008). Do in-vehicle advanced signs 
enhance older and younger drivers’ performance? Driving simulation and 
eye movement results. International Journal Human Computer Studies 66, 
132-144. 

Campbell, J. L., Hoffmeister, D. H., Kiefer, R. J., Selke, D. J., Green, P., & 
Richman, J. B. (2004). Comprehension testing of active safety symbols. 
Journal of Passenger Car, Warrendale, PA: SAE International. 

Campbell, J. L., Richard, C. M., Brown, J. L., & McCallum, (2007). Crash warning 
system interfaces: Human factors insights and lessons learned. (HTSA 
Technical Report No. DOT HS 810697). Washington DC: Highway 
Transportation Safety Association. 

Carsten, O. M. J., Merat, N., Janssen, W.H., Johansson, E., Fowkes, M., & 
Brookhuis, K.A. (2005). Human Machine Interaction and the Safety of 
Traffic in Europe. HASTE Final Report. Retrieved from http://ec.europa.eu/ 
transport/roadsafety_library/publications/haste_final_report.pdf 



 156 

Chapman, P., & Underwood, G. (1998). Visual search of driving situations: Danger 
and expertise. Perception, 27, 951-964. 

Charissis, V., Papanastasiou, S., & Vlachos, G. (2008). Comparative study of 
prototype automotive HUD vs. HDD; Collision avoidance simulation and 
results. Intelligent Vehicle Initiative (IVI) Technology Controls and 
Navigation Systems 2008, SP-2193, Warrendale, PA: SAE International. 

Charissis, V., Papanastasiou, S., & Valchos, G., (2009). Interface development for 
early notification warning system: Full windshield head-up display case 
study. Human-Computer Interaction, Part IV, 683-692. 

Chin, E., Nathan, F., Pauzié, A., Manzano, J., Nodari, C., Cherri, C., et al. (2006) 
Subjective Assessment methods for Workload. Adaptive integrated driver-
vehicle interface (aide), IST-1-507674-IP. Retrieved from http://www.aide-
eu.org/res_sp2.html 

Cialdini, R. B., Kallgren, C. A., & Reno, R. R. (1991). A focus theory of normative 
conduct: A theoretical refinement and re-evaluation of the role of norms in 
human Behavior. In L. Berkowitz (Ed.), Advances in Experimental Social 
Psychology, 24, (pp. 201-234). New York: Academic Press. 

Coughlan, P. (1999). Once is not enough: Repeated exposure to and aesthetic 
evaluation of an automobile design prototype. Design Studies, 20, 553-563. 

Cross, N. (2001). Designerly ways of knowing: Design discipline verses design 
science. Design Issues, 15(2), 5-10. 

Csikszentmihalyi, M., & Wolfe, R. (2000). New conceptions and research 
approaches to creativity: Implications of a systems perspective for creativity 
in education. In K. A. Heller, F. J. Mönks, R. Subotnik, & R. Sternberg 
(Eds.) International Handbook of Giftedness and Talent, (pp. 81-93), 
Oxford: Pergamon. 

Cutting J. E. & Vishton, P. M. (1995). Perceiving layout and knowing distances: 
The integration, relative potency and contextual use of different information 
about depth. In W. Epstein & S. Rogers (Eds.) Handbook of perception and 
cognition, Vol 5, Perception of space and motion. (pp. 69-117). San Diego, 
CA: Academic Press. 

Dahlbom, B. (2002). The idea of an artificial science. In B. Dahlbom, S. Beckman, 
& G. B. Nilsson (Eds.), Artifacts & Artificial Science (pp. 9-44), Stockholm: 
Almqvist & Wiksell International. 

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user 
acceptance of information technology, MIS Quarterly, 13, 319-339. 



 157 

de Ruyter, B. (2003). User-centered Design. In E. Aarts, & S. Marzano (Eds.) The 
New Everyday: Views on Ambient Intelligence, (pp. 42 - 45) Rotterdam: 010 
Publishers. 

Demirbilek, O., & Sener, B. (2003). Product design, semantics and emotional 
response. Ergonomics, 46(13/14), 1346-1360. 

Dickie, G. (1962). Is psychology relevant to aesthetics?. The philosophical review, 
71(3), 285-302. 

Diffrient, N., Tilley, A. R., & Harman, D. (1981). Human Scale 4/5/6. Cambridge, 
MA: MIT Press. 

Dingus, T.A., Klauer, S.G., Neale, V.L., Petersen, A., Lee, S.E., & Sudweeks, J. 
(2006). The 100-car naturalistic driving study, phase II–results of the 100-
car field experiment (Report No. DOT HS 810 593). Washington, DC: 
National Highway Traffic Safety Administration. 

Dion, K., Berscheid, E., Walster, E. (1972). What is beautiful is Good. Journal of 
Personality and Social Psychology, 24(3), 285-290. 

Dishman, E. (2003). Designing for the New Old: Asking, Observing and 
Performing Future Elders. In B. Laurel (Ed.), Design Research: Methods and 
Perspectives. Cambridge, MA: MIT Press. 

Don, A., & Petrick, J. (2003). User Requirements: By Any Means Necessary. In B. 
Laurel (Ed.), Design Research: Methods and Perspectives. Cambridge, MA: 
MIT Press. 

Drews, F. A., Yazdani, H., Godfrey, C. N., Cooper, J. M., & Strayer, D. L. (2009). 
Text messaging during simulated driving. Human Factors, 51(5), 762-770. 

Ehn, P. (1988). Work-oriented design of computer artifacts. Falköping, Sweden: 
Almqvist & Wiksell International. 

Ehn, P. & Kyng, M. (1984). A tool perspective on design of interactive computer 
support for skilled workers. Proceedings from the Seventh Scandinavian 
Research Seminar on Systemeering, Helsinki, Finland. 

Engström, Y. (1987). Learning by Expanding. Helsinki, Finland: Orienta-Konsultit. 

Engström, J., Johansson, E., & Östlund, J. (2005). Effects of visual and cognitive 
load in simulated motorway driving. Transportation Research Part F, 8, 97-
120. 



 158 

Erickson, J. (2010). Mass transit: The best selling cars in China. Time.com. 
Retrieved from http://www.time.com/time/photogallery/0,29307,1909818_ 
1908558,00.html 

Essa, I. A. (1999). Ubiquitous sensing for smart and aware environments. IEEE 
Personal Communications, 7(5), 47-49. 

Evans, L. (2004). Traffic Safety. Bloomfield, MI: Science Serving Society. 

Fallman, D. (2003). Design-oriented Human-Computer Interaction. CHI 2003: New 
Horizons, 5(1), 225-232. 

Fallman, D. (2007). Why research-oriented design isn’t design-oriented research: 
On the tensions between design and research in an implicit discipline. 
Knowledge, Technology, & Policy, 20, 193-200. 

Featherstone, M. (2004). Automobiles: An Introduction. Theory, Culture, & 
Society, 21(1), 1-24. 

Fishbein, M., & Ajzen, I. (1972). Attitudes and opinions. Annual Review of 
Psychology, 23, 487- 544. 

Fisher, R. J., & Ackerman, D. (1998). The effects of recognition and group need on 
volunteerism: A social norm perspective. Journal of Consumer Research, 
25(3), 262-275. 

Fitts, P. M. (1946). Psychological requirements in aviation equipment design. 
Journal of Aviation Medicine, 17(3), 270-275. 

Forlizzi, J., Zimmerman, J., & Evenson, S. (2008). Crafting a place for interaction 
design research in HCI. Design Issues, 24(3), 19-29. 

Frantz, J. P., Rhoades, T. P., & Lehto, M. R. (1999). Warnings and Risk 
Communication. In M. Wogalter, D. DeJoy, & K. Laughery (Eds.), Practical 
Considerations Regarding the Design and Evaluation of Product Warnings. 
New York: Taylor and Francis. 

Frayling, C. (1993). Research in Art and Design. London: Royal College of Art. 

Gartman, D. (1994). Auto Opium: A Social History of American Automobile 
Design. London: Routledge. 

Gartman, D. (2004). Three ages of the automobile: The cultural logistics of the car. 
Theory, Culture, & Society, 21(4), 169-194. 



 159 

Gibson, J. J. (1977). The theory of affordances. In R. E. Shaw & J. Bransford 
(Eds.), Perceiving, acting, and knowing: Toward an ecological psychology. 
Hillsdale, NJ: Lawrence Erlbaum Associates. 

Gibson, J. J. & Crooks, L. E. A. (1938). A Theoretical field-analysis of automobile 
driving. American Journal of Psychology, 51, 453-471. 

Gish, K. W., & Staplin, L. (1995). Human factors aspects of using head up displays 
in automobiles: A review of the literature (Report No. DOT HS 808 320). 
Washington, DC: National Highway Traffic Safety Administration. 

Gish, K., Staplin, L., Stewart, J., & Perel, M. (1999). Sensory and cognitive factors 
affecting automotive head-up display effectiveness. Transportation Research 
Record 1694, Paper No. 99-0736, 11-19. 

GM reimagines (2010, March 17). GM Reimagines Head-Up Display Technology. 
Worldcarfans.Com. Retrieved from http://www.worldcarfans.com/11003 
1725186/gm-developing-next-generation-head-up-technology-with-lasers 

Goodman, M. J., Bents, F. D., Tijerina, L., Wierwille, W., Lerner, N., & Benel, D. 
(1997). An investigation of the safety implications of wireless 
communications in vehicles. Retrieved from http://www.nhtsa.dot.gov/ 
people/injury/research/ wireless/ 

Goodman, M. J., Tijerina, L., Bents, F. D., & Wierwille, W. W. (1999). Using 
mobile telephones in vehicles: safe or unsafe? Transportation Human 
Factors, 1, 3-42. 

Gould, J. D. & Lewis, C. (1985). Designing for Usability: Key Principles and What 
Designers Think. Communications of the ACM, 28(3), 300-311. 

Green, P. (1999). The 15-second rule for driver information systems. Proceedings 
of the Intelligent Transportation Society of America Annual Meeting, 
Washington DC. Retrieved from http://www.umich.edu/~driving/ 
publications/ITSA-Green1999.pdf 

Green, P. (2007). Where do drivers look while driving (and for how long)? In R. 
Dewar, & P. Olson, (Eds.), Human Factors in Traffic Safety, 2nd ed., (pp. 
77-110). Tucson, AZ: Lawyers & Judges Publishing Co, Inc. 

Groeger, J. A. (2000). Understanding driving: Applying cognitive psychology to a 
complex everyday task. Philadelphia, PA: Taylor & Francis Inc. 

Groeger, J. A., & Brown, I. D. (1989). Assessing one’s own and others’ driving 
ability: Influences of sex, age, and experience. Accident Analysis and 
Prevention, 21(2), 155-168. 



 160 

Gusfield, J. (1979). “Buddy, can you paradigm?”: The Crisis Theory in the Welfare 
State. Pacific Sociological Review, 22(1), 3-22. 

Hada, H. (1994). Drivers’ visual attention to in-vehicle displays: Effects of display 
location and road type (Report No. UMTRI-94-9). Ann Arbor, MI: 
University of Michigan Transportation Research Institute. 

Halberstadt, J., & Rhodes, G. (2003). It’s not just average faces that are attractive: 
Computer-manipulated averageness makes birds, fish, and automobiles 
attractive. Psychonomic Bulletin & Review, 10(1), 149-156. 

Hancock, P. A. & Caird, J. K. (1993). Experimental evaluation of a model of 
mental workload. Human Factors, 35(3), 413-429. 

Hair Jr., J. F., Money, A. H., Samouel, P., & Page, M. (2007). Research methods 
for business. West Sussex, England: John Wiley & Sons Ltd. 

Harrison, A. (1994). Head-Up Displays for Automotive Applications. (Report No 
UMTRI-94-10), Ann Arbor, MI: University of Michigan Transportation 
Research Institute. 

Hart, S. G. & Staveland, L. E. (1988). Development of NASA-TLX (Task Load 
Index): Results of empirical and theoretical research. In Hancock, P. A. & 
Meshkati, N. (Eds.), Human Mental Workload (pp. 139-183). North-Holland, 
NY: Elsevier Science Publishing Company, Inc. 

Helander, M. G. (2003). Forget about ergonomics in chair design? Focus on 
aesthetics and comfort!. Ergonomics, 46(13/14), 1306-1319. 

Helander, M. G., & Tham, P. O. (2003). Hedonomics-affective human factors 
design. Ergonomics, 46(13/14), 1269-1272. 

Hockey, G. R. J. (1997). Compensatory control in the regulation of human 
performance under stress and high workload: A cognitive-energetical 
framework. Biological Psychology, 45, 73-93. 

Hoedemaeker, M., & Brookhuis, K. A. (1998). Behavioural adaptation to driving 
with an adaptive cruise control (ACC). Transportation Research Part F: 
Traffic Psychology and Behaviour, 1(2), 95-106. 

Hoffman, T. (2002, October 16, 2008). IT helps drive safety investments at 
Daimler-Chrysler. Computer World. Retrieved from http://www. 
computerworld.com/action/article.do?command=printArticleBasic&taxonom
yName=ROI&articleId=76228&taxonomyId=74 



 161 

Honda Civic (n.d.) 2010 Honda Civic. Honda. Retrieved from http:// 
automobiles.honda.com/civic/ 

Honda Cars (n.d.). 2010 Honda Civic. Honda. Retrieved from http://www. 
honda.se/sw 23539.asp  

Hooey, B. L., & Gore, B. F. (1998). Advanced traveler information systems and 
commercial vehicle operations components of the intelligent transportation 
systems: head-up displays and driver attention for navigation information 
(Report No FHWA-RD-96-153). Washington, DC: US Federal Highway 
Administration. 

Horberry, T., Anderson, J., Regan, M. A., Triggs, T. J., & Brown, J. (2006). Driver 
distraction: The effects of concurrent in-vehicle tasks, road environment 
complexity and age on driving performance. Accident Analysis and 
Prevention, 38, 185-191. 

Horrey, W. J., Lesch, M. F., & Garabet, A. (2009). Dissociation between driving 
performance and drivers' subjective estimates of performance and workload 
in dual-task situations. Journal of Safety Research, 40(1), 7-12. 

Horrey, W. J., & Wickens, C. D. (2004). Driving and side task performance: The 
effects of display clutter, separation, and modality. Human Factors, 46(4), 
611–624. 

Horrey, W. J., & Wickens, C. D. (2006). Examining the Impact of Cell Phone 
Conversations on Driving Using Meta-Analytic Techniques. Human Factors, 
48(1), 196-205. 

Horrey, W. J., & Wickens, C. D. (2007). In-Vehicle Glance Duration, 
Distributions, Tails, and Model of Crash Risk. Transportation Research 
Record: Journal of the Transportation Research Board, 2018, 22-28. 

Horrey, W. J., Wickens, C. D., & Consalus, K. P. (2006). Modeling drivers’ visual 
attention allocation while interacting with in-vehicle technologies. Journal of 
Experimental Psychology: Applied, 12(2), 67–78. 

Houde, S., & Hill, C. (1997). What do prototypes prototype?. In M. Helander, T. K. 
Landauer, & P. Prabhu (Eds.) Handbook of Human-Computer Interaction. 
2nd ed. Amsterdam Netherlands: Elsevier Science. 

Houston, B. K. (1969). Noise, task difficulty, and Stroop color-word performance. 
Journal of Experimental Psychology, 82(2), 403-404. 

IHRA-ITS (2008). Statement of Principals on the Design of High-Priority Warning 
Signals (Report No WP.29-142-20). Beijing, China: United Nations. 



 162 

International Standards Organization [ISO] (2002). Road vehicles – Measurement 
of driver visual behaviour with respect to transport information and control 
Systems – Part 1: Definitions and parameters. (ISO committee standard 
15007-1). Geneva, Switzerland: International Standards Organization. 

Ireland, C. (2003). Qualitative Methods: From Boring to Brilliant. In B. Laurel 
(Ed.), Design Research: Methods and Perspectives. Cambridge, MA: MIT 
Press. 

Inzuka, Y., Osumi, Y., & Shinkai, H. (1991). Visibility of head up display for 
automobiles. Proceedings of the 35th Annual Meeting of the Human Factors 
Society, II, (pp. 1574-1578). Santa Monica, CA: Human Factors Society. 

Jackendoff, R. S. (1983). Semantics and cognition. Cambridge, MA: MIT Press. 

Jones, J. C. (1970). Design Methods. New York: Van Nostrand Reinhold. 

Jordan, P. W. (1998). An Introduction to Usability. London: Taylor & Francis. 

Jordan, P. W. (2000). Designing Pleasurable Products: An Introduction to the New 
Human Factors. London: Taylor & Francis. 

Kaiser, K. J. (1993). The HUD experience at Alaska Airlines. Proceedings of the 
International Symposium on Head Up Display, Enhanced Vision and Virtual 
Reality, (pp. 1-7). Amsterdam, Netherlands, 25-26 October 1993. 

Kefalas, A. G. (1998). Think Globally, Act Locally. Thunderbird International 
Business Review, 40(6), 547-562. 

Kiefer, R. J. (1991). Effects of a head-up versus head-down digital speedometer on 
visual sampling behavior and speed control performance during daytime 
automobile driving, (SAE Tech Paper 910111). Warrendale, PA: SAE 
International. 

Kiefer, R. J. (1998). Quantifying head-up display (HUD) pedestrian detection 
benefits for older drivers. Proceedings of the 16th International Conference 
on the Enhanced Safety of Vehicles, (pp. 428–437). Washington, DC: 
National Highway Traffic Safety Administration. 

Klauer, S. G., Dingus, T. A., Neale, V. L., Sudweeks, J. D., & Ramsey, D. J. 
(2006). The impact of driver inattention on near-crash/crash risk: An 
analysis using the 100-car naturalistic driving study data (DOT HS 810 
594). Washington, DC: National Highway Traffic Safety Administration. 

Koffka, K. (1935:2001). Principals of Gestalt Psychology. London: Routledge. 



 163 

Kopits, E., & Cropper, M. (2005). Traffic fatalities and economic growth. Accident 
Analysis and Prevention, 37(1), 169-178. 

Krippendorff, K., & Butter, R. (1984). Product Semantics: Exploring the Symbolic 
Qualities of Form. Innovation 3(2), 4-9. 

Krippendorff, K., & Butter, R. (1993). Where meanings escape functions. Design 
Management Journal, 4(2), 30-37. 

Krippendorff, K., & Butter, R. (2007). Semantics: Meanings and contexts of 
artifacts’. In H. N. J. Schifferstein & P. Hekkert (Eds.) Product Experience 
(pp. 1-25). New York: Elsevier. 

Kwahk, J., Williges, R. C., & Smith-Jackson, T. L. (2002). An application of neural 
network modeling to diagnose eating behavior of seniors in smart houses. 
Proceedings of the 46th Human Factors and Ergonomics Society Annual 
Meeting, (pp. 180-184). Baltimore, MD: Human Factors Society. 

Kuhn, T. (1967). The Structure of Scientific Revolutions (3rd ed.). Chicago: 
University of Chicago Press, 1996. 

Langefors, B. (1966).  Theoretical Analysis of Information Systems. Lund, Sweden: 
Studentlitteratur. 

Lamble, D., Laakso, M., & Summala, H. (1999). Detection thresholds in car 
following situations and peripheral vision: implications for positioning of 
visually demanding in-car displays. Ergonomics, 42(6), 807-815. 

Lauer, D. A. & Pentak, S. (1995: 2007). Design Basics. Boston: Thomson 
Wadsworth. 

Laurel, B. (2003). Design research: Methods and perspectives. Cambridge, MA: 
The MIT Press. 

Laurier, E. (2004). Doing officework on the motorway. Theory, Culture, & Society, 
21(4), 261-277. 

Leach, M. P., & Liu, A. H. (1998). The use of culturally relevant stimuli in 
international advertising. Psychology & Marketing, 15(6), 523-546. 

Leder, H., Belke, B., Oeberst, A., & Augustin, D. (2004). A model of aesthetic 
appreciation and aesthetic judgments. British Journal of Psychology, 95, 
498-508. 

Lee, J. D. (2008). Fifty years of driving safety research. Human Factors, 50(3), 
521-528.  



 164 

Lesch, M. F., & Hancock, P. A. (2004). Driving performance during concurrent 
cell-phone use: are drivers aware of their performance decrements? Accident 
Analysis and Prevention, 36, 471-480. 

lexus.se. (n.d.). Retrieved from http://www.lexus.com/ 

Lidwell, W., Holden, K., & Butler, J. (2004). Universal principals of design. 
Beverly, MA, USA: Rockport Publishers, Inc. 

Lim Y-K., Stolterman, E., & Teneberg, J. (2008). The Anatomy of prototypes as 
filters, prototypes as manifestations of design ideas. ACM Transactions on 
Computer-Human Interaction, 15(2), 1-27. 

Lim, Y-K., Pangam, A., Periyasami, S., & Aneja, S. (2006). Comparative Analysis 
of High- and Low-Fidelity Prototypes for More Valid Usability Evaluations 
of Mobile Devices. In Proceedings of the 4th Nordic Conference on Human-
Computer Interaction: Changing Roles. Oslo, Norway. 

Lind, H. (2007, January). An efficient visual forward collision warning display for 
vehicles. Presented at the SAE 2007 World Congress, Detroit, MI. 

Liu, Y-C. (2003). Effects of using head-up display in automobile context on 
attention demand and driving performance. Displays, 24, 157-165. 

Liu, Y-C., & Wen, M-H. (2004). Comparison of head-up display (HUD) vs. head-
down display (HDD): Driving performance of commercial vehicle operators 
in Taiwan. International Journal of Human-Computer Studies, 61, 679-697. 

Löwgren, J., & Stolterman, E. (1999). Design methodology and design practice. 
Interactions, 1, 13-20. 

Lunenfeld, P. (2000). Snap to Grid: A User’s Guide to Digital Arts, Media, and 
Cultures. Cambridge, MA: MIT Press. 

Lunenfeld, P. (2003). The Design Cluster. In B. Laurel (Ed.), Design Research: 
Methods and Perspectives. Cambridge, MA: MIT Press. 

Lynch, M. (1990). The externalized retina: Selection and mathematization in the 
visual documentation of object in the life sciences. In M. Lynch & S. 
Woolgar (Eds.), Representations in scientific practice (pp. 153-186). 
Cambridge, MA: MIT Press. 

Markus, H. R., & Kitayama, S. (1991). Culture and the self: implications for 
cognition, emotion, and motivation. Psychological Review, 98, 224-253. 



 165 

Martinelli, N. S., & Boulanger, S. A. (2000). Cadillac DeVille thermal imaging 
night vision system. Paper presented at the SAE 2000 World Congress, 
Detroit, MI. 

May, A., Ross, T., & Osman, Z. (2005). The design of next generation in-vehicle 
navigation systems for the older driver. Interacting with Computers, 1(17), 
643-659. 

McCurdy, M., Connors, C., Pyrazk, G., Kanefsky, B., & Vera, A. (2006). Breaking 
the Fidelity Barrier: An Examination of Our Current Characterization of 
Prototypes and an Example of a Mixed-Fidelity Success. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems, (pp. 
1233-1242). Montreal, Quebec, Canada. 

McDaniel Johnson, B. (2003). The Paradox of Design Research: The Role of 
Informance. In B. Laurel (Ed.), Design Research: Methods and Perspectives, 
(pp. 39-40). Cambridge, MA: MIT Press. 

McGehee, D.V. (2001). New design guidelines aim to reduce driver distraction. 
Human Factors and Ergonomics Society Bulletin, 44(10), 1–3. 

Michon, J. A. (1985). A critical view of driver behavior models. In L. Evans, & R. 
C. Schwing (Eds.) Human Behavior and Traffic Safety. New York: Plenum 
Press.  

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: an expanded 
sourcebook (2nd ed.). Thousand Oaks, CA: SAGE Publications. 

Miura, T. (1990). Active function of eye movement and useful field of view in a 
realistic setting. In R. Groner, G. d'Ydewalle & R. Parham (Eds.), Eye to 
Mind: Information Acquisition in Perception, Search and Reading. 
Amsterdam: Elsevier Science Publishers. 

Mitchell, C. T. (1993). Redefining designing. From form to experience. NY: Van 
Nostrand Reinhold. 

Monö, R. (1997). Design for Product Understanding. Stockholm: Liber AB. 

Morita, K., Sekine, S., Tsukada, Y., Okada, T., & Toyofuku, Y. (2007). 
Consideration on Appropriate Display Area for Head-Up Displays. (SAE 
Technical Paper Series 2007-01-3512). Warrendale, PA: SAE International. 

Moray, N. (1990). Designing for transportation safety in the light of perception, 
attention, and mental models. Ergonomics, 33, 1201–1213. 



 166 

Muller, J. (2010, April 22). The world’s most popular cars. Forbes. Retrieved from 
http://www.forbes.com/2010/04/22/most-popular-cars-business-autos-most-
popular-cars_2.html 

Nielsen, C. (1998). Testing in the Field. In Proceedings of the Third Asia Pacific 
Computer Human Interaction Conference (APCHI 98). Werner, B. (Ed.) 
IEEE Computer Society, Press, Los Alamitos, CA, 285-290. 

Noble, M., & Sanders, A. F. (1980). Searching for traffic signals while engaged in 
compensatory tracking. Human Factors, 22, 89–102. 

Norman, D. A. (1986). User Centered System Design: New Perspectives on 
Human-Computer Interaction. Hillsdale, NJ: Lawrence Erlbaum Associates. 

Norman, D. A. (1988). The Design of Everyday Things. New York: Doubleday. 

Norman, D. (1991). Cognitive artifacts. In J. M. Carroll (Ed.), Designing 
Interaction: Psychology at the Human-Computer Interface (pp. 17-38). New 
York: Cambridge University Press. 

Norman, D. A. (1998, May 25). The future electronic home. Time digital, pp. 46-
49. 

Norman, D. A. (2004). Emotional Design: Why we love (or hate) everyday things. 
Cambridge, MA: Basic Books. 

Normark, C. J., & Gärling, A. (in press). Display guidelines and principals: A 
literature review. The Design Journal. 

Normark, J., Tretten, P., & Gärling, A. (2009). Do Redundant Head-Up and Head-
Down Display Configurations Cause Distractions? Proceedings of the 5th 
International Driving Symposium on Human Factors in Driver Assessment, 
Training, and Vehicle Design. Big Sky, MO: University of Iowa. 

Okabayashi, S., Sakata, M., Fukano, J., Daidoji, S., Hashimoto, C., & Ishikawa, T. 
(1989). Development of Practical Heads-Up Display for Production Vehicle 
Application. Automotive Information Systems and Electronic Displays: 
Recent Developments (SAE Tech. Paper 890559). Warrendale, PA: SAE 
International. 

Okabayashi, S., Sakata, M., Furukawa, M., & Hatada, T. (1990). A heads-up 
display performance in automotive use. Conference Proceedings of the 
Society for Information Displays, 31(3), 255-261. 



 167 

Okabayashi, S., Sakata, M., & Hatada, T. (1991). Driver’s ability to recognize 
objects in the forward view with superposition of head-up display images. 
Proceedings of the Society for Information Display, 32, 465-468. 

Osgood, C. E., Suci, G. J., & Tannenbaum, P. H. (1967). The Measurement of 
Meaning. Urbana: University of Illinois Press. 

Overby, J. W., Woodruff, R. B., & Gardial, S. F. (2005). The Influence of culture 
upon customers' desired value perceptions: A research agenda. Marketing 
Theory, 5(2), 139-163. 

Patten, C. J. D. (2007). Cognitive Workload and the Driver: Understanding the 
Effects of Cognitive Workload on Driving from a Human Information 
Processing Perspective. (Doctorial dissertation). Stockholm University, 
Sweden. 

Pauzié, A. (1994). Human Interface of In-vehicle Information Systems, Presented 
at the VNIS´94, Yokohama, Japan. 

Pauzié, A., Manzano, J., & Dapzol, N. (2007). Driver’s behavior and workload 
assessment for new in-vehicle technologies design. Proceedings of the 4th 
International Driving Symposium on Human Factors in Driver Assessment, 
Training, and Vehicle Design, (pp. 572-580). Stevenson, WA. 

Pauzié, A., & Pachiaudi, G. (1997). Subjective evaluation of the mental workload 
in the driving context. In T. Rothengatter & E. C. Vaya (Eds.), Traffic & 
Transport Psychology: Theory and Application (pp. 173-182): Pergamon. 

Pauzié, A., Sarpedon, A., & Saulneir, G. (1995). Ergonomic Evaluation of a 
Prototype Guidance System in an Urban Area: Discussion about 
Methodologies and Data Collection Tools. Proceedings of the 6th 
International Conference Vehicle Navigation and Information Systems, (pp. 
390-396). Seattle, WA. 

Peacock, B., & Karwowski, W. (1993). Automotive Ergonomics. London: Taylor & 
Francis. 

Perez, M. A., Kiefer, R. J., Haskins, A., & Hankey, J. M. (2009). Evaluation of 
forward collision warning system visual alert candidates and SAE J2400. 
Journal of Passenger Cars – Mechanical Systems, 2(1), 750-764. 

Peugeot (2010). Retrieved from http://www.peugeot.com/en/products/cars/ 
peugeot-3008.aspx 



 168 

Purpura, S. (2003). Overview of Quantitative Methods in Design Research. In B. 
Laurel (Ed.), Design Research: Methods and Perspectives. Cambridge, MA: 
MIT Press. 

Ranney, T. A., Mazzae, E., Garrott, R., & Goodman, M. J. (2000). NHTSA driver 
distraction research: Past, present, and future. USDOT, National Highway 
Traffic Safety Administration. Retrieved from http://www-nrd.nhtsa.dot.gov/ 
departments/nrd-13/driver-distraction/PDF/233.PDF  

Rasmussen, J. (1983). Skills, rules, and knowledge; Signals, signs, and symbols, 
and other distinctions in human performance models. IEEE Transactions on 
Systems, Man, and Cybernetics, 13(3), 257-266. 

Rasmussen, J., & Vicente, K. J. (1998). Coping with human error through system 
design: Implications for ecological interface design. International Journal of 
Man-Machine Studies, 31, 517-534. 

Reason, J. (1990). Human Error. Cambridge, UK: Cambridge University Press. 

Reason, J. (1997). Managing risks of organizational accidents. Brookfield, VT: 
Ashgate. 

Reason, J. (2002). Combating omission errors through task analysis and good 
reminders. Quality and Safety in Health Care, 11, 40-44. 

Ricks, D. A. (1993). Blunders in International Business. Cambridge: Blackwell. 

Rößger, P., & Hoffmeister, J. (2003). Cross cultural usability: An international 
study on driver information systems. In J. A. Jacko & C. Stephanidis (Eds.), 
Human-computer Interaction: Theory and Practice, Part II, (pp. 253-262). 
Mahwah, New Jersey: Lawrence Erlbaum Associates, Inc. 

Rouse, W. B., & Morris, N. M. (1987). Design and evaluation of an onboard 
computer-based information system for aircraft. IEEE Transactions on 
Systems, Man, and Cybernetics, 13, 539-549. 

Rubin, J. (1994). Handbook of Usability Testing: How to Plan, Design, and 
Conduct Effective Tests. New York: John Wiley & Sons, Inc. 

SAE Recommended Practice J2400 (2003). Human Factors in Forward Collision 
Warning (FCW) Systems: Operating Characteristics and User Interface 
Requirements. SAE International, Warrendale, PA. 

  



 169 

Sakata, M., Okabayashi, S., Fukano, J., Hirose, S., & Ozono, M. (1988). 
Contribution of head-up displays (HUDs) to safe driving. Eleventh 
International Technical Conference on Experimental Safety Vehicles, 
Washington, DC. 

Schieber, F. (1994). Recent Developments in Vision, Aging, and Driving: 1988-
1994 (Report No UMTRI-94-26). Ann Arbor, MI: University of Michigan. 

Schiffman, L. G. & Kanuk, L. L. (1997). Consumer Behavior. Upper Saddle River, 
N.J.:  Prentice Hall. 

Schlegel, R. E. (1993). Driver mental workload. In B. Peacock & W. Karwowski 
(Eds.), Automotive Ergonomics (pp. 359-382). London: Taylor & Francis. 

Schrage, M. (2000). Serious Play: How the world’s best companies simulate to 
innovate. Boston: Harvard Business School Press. 

Schwartz, S. H. (2006). Basic Human Values: Theory, Measurement, and 
Applications. Revue Française de Sociologie, 45(4), 929-968. 

Schwartz, D. R., & Howell, W. C. (1985). Optional stopping performance under 
graphic and numeric CRT formatting. Human Factors, 27(4), 433-444. 

Schwartz, S. H., & Ros, M. (1995). Values in the West: A theoretical and empirical 
challenge to the individualism-collectivism cultural dimension. World 
Psychology, 1(2), 91-122. 

Schön, D. A. (1982). The Reflective Practitioner: How Professionals Think in 
Action. New York: Harper Collins. 

Schön, D. A. (1987). Education the Reflective Practitioner: Toward a New Design 
for Teaching and Learning in the Professions, San Francisco: Jossey-Bass. 

Seago, A., & Dunne, A. (1999). New methodologies in art and design research: The 
objects as discourse. Design Issues, 15(2), 11-17. 

Senders, J. W., Kristofferson, A. B., Levison, W. H., Dietrich, C. W., & Ward, J. L. 
(1967). The attentional demand of automobile driving. Highway Research 
Record, 195, 15–33. 

Sheller, M. (2004). Automotive emotions: Feeling the car. Theory, Culture, & 
Society, 21(4), 221-242. 

Sheridan, T. B. (2004). Driver distraction from a control theory perspective. 
Human Factors, 46(4), 587-599. 



 170 

Sigeru, O., Akinori, Y., Noboru, S., & Toyohiko, H. (2003). A drivers’ cognitive 
process when viewing objects at varying distances in 3D Space on 
automotive HUD units. Journal of the Institute of Image Information and 
Television Engineers, 57(12), 1677-1683. 

Siemens VDO (n. d.). Picture of the Siemens night view system. Retrieved from 
http://www.autopressnews.com/2005/2005csm/m08eng/nvsiemens/parkmate
.shtml 

Siemens develops. (2006, June). Siemens develops second-generation HUD, 
Automotive Engineer. Retrieved from http://www.ae-plus.com/key%20 
topics/kt-electronics-news16.htm 

Simon, (1996). The Science of the Artificial (3rd ed.). Cambridge, MA: MIT Press. 

Sivak, M. (1996). The information that drivers use: Is it indeed 90% visual? 
Perception, 25, 1081-1089. 

Smith, P. B., & Bond, M. H. (1993). Social Psychology across Cultures: Analysis 
and Perspectives. Needham, MA: Allyn & Bacon. 

Smith, P. B., & Schwartz, S. H. (1997). Values. In J. W. Berry, M. H. Segall & C. 
Kagitcibasi (Eds.), Handbook of Cross-Cultural Psychology Volume 3: 
Social Behavior and Applications (2nd ed., pp. 77-118). Boston: Allyn & 
Bacon. 

Snoeyenbos, M. H. (1982). Aesthetics and Psychology. Noûs, 16(3), 421-429. 

Society of Automotive Engineers [SAE]. (2000). Definition and Measures Related 
to the Measurement of Driver Behavior Using Video Based Techniques (SAE 
Recommended Practice J2396), Warrendale, PA: Society of Automotive 
Engineers. 

Sojourner, R. J., & Antin, J. F. (1990). The effects of a simulated head-up display 
speedometer on perceptual task performance. Human Factors, 32(2), 329-
339. 

Stokes, A., & Kite, K. (1994). Flight Stress. Brookfield, VT: Ashgate. 

Stutts, J. C., Reinfurt, D. W., Staplin, L., & Rodgman, E. A. (2001). The role driver 
distraction in traffic crashes. (Report for AAA Foundation for Traffic 
Safety). Retrieved from http://www.aaafoundation.org/ pdf/distraction.pdf 

Summala, H. (1985). Modeling driver behavior. In L. Evans, & R. C. Schwing 
(Eds.) Human Behavior and Traffic Safety. New York: Plenum Press. 



 171 

Tai, S. H. C., & Wong, Y. H. (1998). Advertising decision making in Asia: 
“Glocal” versus “Regcal” approach. Journal of Managerial Issues, 10, 318-
339. 

Tiger, L. (1992). The Pursuit of Pleasure. Boston: Little, Brown & Company. 

Tijerina, L. (2000). Issues in the evaluation of driver distraction associated with in-
vehicle information and telecommunications systems. Retrieved from 
http://www-nrd.nhtsa.dot.gov/departments/nrd-13/driver-distraction/PDF 
/3.PDF 

Toyota Camry, (n.d.). Retrieved from http://www.toyota.com/camry/photo-gallery. 
html 

Toyota Prius, (n.d.). Retrieved from http://www.toyota.com.au/prius/features/ 
cutting-edge-technology 

Tretten, P., & Gärling, A. (2010) Warnings and Instrument Layout Design. In D. 
Hennessy (Ed.), Traffic Psychology: An International Perspective. 
Hauppauge, New York: Nova Science Publishers, Inc. 

Tretten, P., Gärling, A., & Pettersson, D. (2008). Drivers’ perceptions of displayed 
warnings, driver information, and in-vehicle technologies’ importance and 
placement: A cross-cultural survey. Paper presented at the International 
Conference on Traffic and Transportation Psychology, 4, Washington DC. 

Tretten, P., Normark, C. J., & Gärling, A. (2009). Where Should Driver 
Information be Placed? A Study on Display Layout. Paper presented at the 
HFES 2009 Annual Meeting. October 19-23, San Antonio, Texas. 

Tse, D. K., Wong, J. K., & Tan, C. T. (1988). Towards some Standardized Cross-
Cultural Consumption Values. In M. J. Houston (Ed.), Advances in 
Consumer Research (Vol. 15, pp. 387–395). Provo, UT: Association for 
Consumer Research. 

Tsimhoni, O., Watanabe, H., Green, P., & Friedman, D. (2000). Display of Short 
Test Messages on Automotive HUDs: Effects of Driving Workload and 
Message Location. (Technical Report No UMTRI-2000-13). The University 
of Michigan Transportation Research Institute. 

Tufano, D. (1997). Automotive HUDs: The overlooked safety issues. Human 
Factors, 39 (2), 303-311. 

Vahidi, A., & Eskandarian, A. (2003). Research advances in intelligent collision 
avoidance and adaptive cruise control. IEEE transactions on intelligent 
transportation systems, 4(3), 143-153. 



 172 

Venkatesh, V., & Davis, F. D. (2000). A theoretical extension of the Technology 
Acceptance Model: Four longitudinal field studies. Management Science, 
46(2), 186-204. 

Veryzer, Jr., R. W., & Hutchinson, J. W. (1998). The influence of Unity and 
Prototypicality on Aesthetic responses to new product designs. Journal of 
Consumer Research, 24, 374-394. 

Victor, T.W., Harbluk, J.L., & Engström, J.A. (2005). Sensitivity of eye-movement 
measures to in-vehicle task difficulty. Transportation Research Part F, 8, 
167–190. 

Virtual Cable. (n.d.). Follow the Virtual Cable – It is safe and simple. Making 
Virtual Solid, LLC. Retrieved from http://mvs.net/index.html 

Virzi, R. A., Sokolov, J. L. & Karis, D. (1996). Usability Problem Identification 
Using Both Low- and High-Fidelity Prototypes. Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems: Common Ground (pp. 
236-243). Vancouver, BC: Association for Computing Machinery. 

Safety first. (2010). Safety first. Always. Retrieved from http://www.volvo 
cars.com/intl/top/about/values/pages/safety.aspx 

Walker, G. H., Stanton, N. A., & Young, M. S. (2001). Where is computing driving 
cars?. International Journal of Human-Computer Interaction, 13(2), 203-
229. 

Watson, T., Cech, L., & Eßers, S. (2010). A Driving Simulator HMI Study 
Comparing a Steering Wheel Mounted Display to HUD, Instrument Panel 
and Center Stack Displays for Advanced Driver Assistance Systems and 
Warnings. SAE 2010 World Congress & Exhibition. Warrendale, PA: SAE 
International. 

Weihrauch, M., Meloney, G. G., & Goesch, T. C. (1989). The first head up display 
produced by General Motors. In Automotive Information Systems and 
Electronic Displays: Recent Developments, pp. 55-62. Warrendale, PA: 
Society of Automotive Engineers. 

Weintraub, D. J. (1987). HUDs, HMDs, and common sense: Polishing virtual 
images. Human Factors Society Bulletin, 30(10), 1-3. 

Weintraub, D. J., & Ensing, M. (1992). Human Factors Issues in Head-Up Display 
Design: The Book of HUD (CSERIAC state of art report). Wright-Patterson 
Air Force Base, OH: Crew System Ergonomics Information Analysis Center. 



 173 

Wierwille, W. W. (1993). An initial model of visual sampling of in-car displays 
and controls. In A. G. Gale (Ed.), Vision in Vehicles IV (pp. 271-280), 
Amsterdam: North-Holland Press. 

Whorf, B. L. (1956). Language, Thought and Reality. In J. Carroll (Ed.), Selected 
Writings of Benjamin Lee Whorf. (pp. 246-270). Cambridge, MA: MIT 
Press. 

Werner, O., & Campbell, D. T. (1970). Translating, working through interpreters 
and the problem of decentering. In R. N. Cohen (Ed.), A Handbook of 
Methods in Cultural Anthropology. New York: American Museum of 
Natural History. 

WHO (2008). Health statistics and health information systems. Geneva: World 
Health Organization. Retrieved from http://www.who.int/healthinfo/bod/ 
en/index.html 

Wickens, C. D. (2002). Multiple resources and performance prediction. Theoretical 
Issues in Ergonomics Science, 3, 159–177. 

Wickens, C. D., & Carswell, C. M. (1995). The Proximity Compatibility Principal: 
Its psychological foundation and relevance to display design. Human 
Factors, 37(3), 473-494. 

Wickens, C. D., & Gosney, J. L. (2003). Redundancy, Modality, and Priority in 
Dual Task Interference. Proceedings of the 47th Annual Meeting of the 
Human Factors and Ergonomics Society. (pp. 1590-1595). Santa Monica, 
CA. 

Wickens, C. D., & Hollands, J. G. (2000). Engineering Psychology and Human 
Performance (3rd ed.). Upper Saddle River, NJ: Prentice Hall. 

Wickens, C. D., Martin-Emerson, R., & Larish, I. (1993). Attentional tunneling and 
the head-up display. In: Jensen, R.S. (Ed.), Proceedings of the Seventh 
International Symposium on Aviation Psychology (pp. 865-870). Ohio State 
University, Columbus. 

Wikman, A-S., Nieminen, T., & Summala, H. (1998). Driving experience and time-
sharing during in-car tasks on roads of different width. Ergonomics, 41(3), 
358-372. 

Wilson, D. T. (2003). Value Exchange as the Foundation Stone of Relationship 
Marketing. Marketing Theory, 3(1), 175-178. 

Witkowski, S. R., & Brown, C. H. (1982). Whorf and Universals of Color 
Nomenclature. Journal of Anthropological Research, 38(4), 411-420. 



 174 

Wittmann, M., Kiss, M., Gugg, P., Steffen, A., Fink, M., Pöppel, E. et al. (2006). 
Effects of display position of a visual in-vehicle task on simulated driving. 
Applied Ergonomics, 37, 187-199.  

Wogalter, M. S. & Leonard, S. D. (1999). Attention Capture and Maintenance. In 
M. S. Wogalter (Ed.), Warnings and Risk Communication (pp. 113-138). 
Boca Raton, FL: CRC Press LLC. 

Wogalter, M. S. & Mayhorn, C. B. (2005). Perceptions of driver distraction by 
cellular phone users and nonusers. Human Factors, 47(2), 455-467. 

Wu, W., Blaicher, F., Yang, J., Seder, T., & Cui, D. (2009). A Prototype of 
Landmark-Based Car Navigation Using a Full-Windshield Head-Up Display 
System. Proceedings of the AMC´09, Beijing, China. 

Xinhuanet (2004). Road accidents major killer for children. Retrieved from 
http://news3.xinhuanet.com/english/2004-03/31/content_1394497.htm 

Yantis, S., & Hillstrom, A. P. (1994). Stimulus-driven attentional capture: Evidence 
from equiluminant visual objects. Journal of Experimental Psychology: 
Human Perception Performance, 20(1), 95-107. 

Yerkes, R. M., & Dodson, J. D. (1908). The relative strength of stimulus to rapidity 
of habit-formation. Journal of Comparative and Neurological Psychology, 
18, 459-482. 

Yin, R. K. (1997). Case Study Research: Design and Methods (2nd ed. Vol. 5). 
Thousand Oaks, California: Sage Publications Inc. 

Yoo, H., Tsimhoni, O., Watanabe, H., Green, P., & Shah, R. (1999). Display of 
HUD warnings to drivers: Determining an optimal location. (Technical 
Report UMTRI-99-9), University of Michigan Transportation Research 
Institute. 

Young, T. R. (1984). The lonely micro. Datamation, 30(4), 100-114. 

Young, M. S. & Stanton, N. A. (2002). Malleable Attentional Resources Theory: A 
new explanation for the effects of mental underload performance. Human 
Factors, 44(3), 365-375. 

Zajonc, R. B. (1968). Attitudinal effects of mere exposure. Journal of Personality 
and Social Psychology Monograph Supplement, 9(2), 1-27. 

Zhang, H., Smith, M. R. H., & Witt, G. J. (2006). Identification of realtime 
diagnostic measures of visual distraction with an automatic eye-tracking 
system. Human Factors, 48(4), 805–821. 



 175 

Zimmerman, J., Forlizzi, J., & Evenson, S. (2007). Research through design as a 
method for interaction design research in HCI. Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems, San Jose, CA: April 
28-May 3, 2007. 



 



 176 

 

 

111  Appendix 



 177 

 



 iii 

 

 

 

 

 

 

 

 

 

 

 
 

 

SStudy I 

 



 iv  



 v 

 

 
 

          
 
 
 

Questionnaire concerning information in automobiles 
 
The Division of Industrial Design at Luleå University of Technology is participating in an 
OPTIVe project (Optimized System Integration for Safe Interaction in Vehicles) which 
purpose is to investigate, evaluate, and demonstrate methods and technical solutions for safe, 
efficient, and cost effective integration of HMI (Human Machine Interaction) systems in cars. 
This is in cooperation with the Swedish Department of Transportation, Volvo Car 
Corporation and Volvo Technology. The specific goal of this survey is to gain knowledge 
about how to improve the type of information being presented to the driver.  
 
You can help us by answering this questionnaire. The results will presented in such a way that 
no individual can be identified. Please help us in gaining knowledge about how future 
vehicles should be designed for the drivers.  
 
 
 
 
 

Thank you for your participation. 
 

Sincerely, 
 

 
 

Phillip Tretten 
Division of Industrial Design 

Luleå University of Technology 
 SE-971 87 Luleå, Sweden 
Phone: (+46) 920 492855 

E-mail: phillip.tretten@ltu.se 
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Part I.  Warning symbols 
Information displayed in automobiles is found in the windshield (area 1) and in three areas of 
the dashboard (areas 2-4). Remember that information placed in the windshield (area 1) is 
transparent and will not impair your vision. 
 

 
 
Now, imagine yourself in the act of buying a new private vehicle. Please answer the 
following questions to the best of your knowledge. Remember there is no right, or wrong, 
answer, it is your opinion that is of interest. Please mark the number that you feel best fits 
your opinion. Choose also where you feel the information found in each question should be 
placed in the dashboard, an example is given below.  
 
Example: 

   Warning symbol for steering failure is  important to me. 
 
 1 2 3 4 5 6 7 
   Not true      True 
 

    
___________________________________________________________________________
 
 
 
 

 
 
 

  Warning symbol for low window washer 
fluid is important to me. 

  
1 2 3 4 5 6 7 

Not true          True 
 

 
 
 

  Warning symbol for improper oil 
pressure is important to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

 

   Warning symbol for low tire pressure is 
 important to me. 

 
1 2 3 4 5 6 7 

Not true          True 
 

 
 
 

  Warning symbol for low fuel level is 
 important to me. 

 
1 2 3 4 5 6 7 

   Not true          True 
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  Warning symbol for parking brake 
engaged is important to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

 

  Warning symbol for improper engine 
temperature is important to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

  Warning symbol for electrical charging 
system failure is important to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

 

  Warning symbol for airbag not in 
function is important to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

 

  Warning symbol for Anti-lock 
Braking System (ABS) failure is important 

to me. 

1 2 3 4 5 6 7 
   Not true          True 

 

 

  Warning for poor road conditions 
 (slippery road, icy, rainy, poor visibility, 
 etc.) is important to me. 
 

1 2 3 4 5 6 7 
   Not true          True 

 

 
 
 

Warning symbol for engine stall is 
 important to me. 
 

1 2 3 4 5 6 7 
   Not true          True 

 

 
 
 

  Warning symbol for malfunctioning 
 light bulb is important to me. 

 
1 2 3 4 5 6 7 

   Not true          True 
 

 
 
 

  Warning symbol for door is ajar is 
 important to me. 
 

1 2 3 4 5 6 7 
   Not true          True 

 

 
 
 

  Warning symbol for electrical 
malfunction is important to me.

 
1 2 3 4 5 6 7 

   Not true          True 
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  Warning symbol meaning engine in 
need of service is important to me. 

1 2 3 4 5 6 7
   Not true          True 
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Part II.  Driver information 
An example of driver information displayed in automobiles is placed below. This information 
can be found in the windshield (area 1) and in three areas of the dashboard (areas 2-4). 
Remember that information presented on the windshield (area 1) is transparent and will not 
impair your vision.  

                                                
 

Now, imagine yourself in the act of buying a new private vehicle. Please answer the 
following questions to the best of your knowledge. Remember there is no right, or wrong, 
answer, it is your opinion that is of interest. Mark the number that best fits your opinion, an 
example is found below.  
 
Example: 
Radiator fluid level information is important to me. 
 

 1 2 3 4 5 6 7 
         Not true                True 
 

           
________________________________________________________________________________________________________________
 
 
 
 
 
 
 
 Speedometer information (vehicle speed) is 
important to me. 
 

 1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 Tachometer information (motor speed) is 
important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 

 
 
 
 
 
 
 
 Fuel level information is important to me. 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 Oil pressure information is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 
 

 



 x 

 A clock is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

  
 
 
 
 Actual outside temperature indicator is 
important to me.  
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Seatbelt reminder indicator is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Indicator showing which door/hatch is ajar is 
important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Indicator showing which light bulb is 
malfunctioning is important to me. 
 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 

 Cruise control indicator is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Climate control information is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Entertainment information is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Mobile telephone information is important 
to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Trip computer presenting; average economy, 
fuel consumption, instant economy, miles 
remaining before empty, etc. is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 



 xi 

 
 
 
 Scrollable menu of options showing vehicle 
status (like service interval, mileage, 
temperature, vehicle malfunctions, fluid 
levels, etc) is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 
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Part III. Advanced driver helps  
An example of an advanced driver help is shown below. This information can be found in the 
windshield (area 1) and/or in three areas of the dashboard (areas 2-4). Remember that 
information presented on the windshield (area 1) is transparent and will not impair your 
vision.  
 

 
 
Now, imagine yourself in the act of buying a new private vehicle. Please answer the 
following questions to the best of your knowledge. Remember there is no right, or wrong, 
answer, it is your opinion that is of interest. Mark the number that best fits your opinion, an 
example is also found below.  
 
Example: 
Steering assistant used for lane changing is important to me.  
 
 1 2 3 4 5 6 7 
    Not true                True 
 

    
 
 
 
 
 
 
 
 
 Image of road obstacles and other vehicles is 
important to me (similar to the example 
above). 
 

1 2 3 4 5 6 7 
Not true      True 

 

 
 
 
 

 Image of road to help the driver in conditions 
of poor visibility is important to me (similar 
to the example above). 
 

1 2 3 4 5 6 7 
Not true       True 
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 Navigator (digital directional guidance help 
in the automobile) is important to me. 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Adaptive cruise control information 
(automatically keeps your vehicle from 
getting too close to the vehicle in front of 
you) is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Parking aids indicating vehicle position in 
relation to other cars and obstacles is 
important to me. 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Electronic brake assist information (assists 
your vehicle in quickly braking for obstacles 
that you, the driver, did not respond to) is 
important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 
 
 

Excessive speed indicator (alerts driver when 
the speed limit is surpassed) is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 

 External Vehicle Speed Control (assists 
drivers in keeping the government-defined 
speed limit) is important to me. 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Video image of backseat (so that you do not 
need to turn around to see what the 
passengers/children are doing) is important 
to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Lane change aid information (alerts you if 
there is another vehicle in hard to see areas 
when you attempt to change lanes) is 
important to me. 
 

1 2 3 4 5 6 7 
Not true       True 
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 Shift light for sport driving (shows you when 
to shift for optimal acceleration) is 
important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Shift light for economical driving (shows you 
when to shift for optimal economical 
driving) is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 

 Econo-meter (shows an accumulated value 
of economical driving, showing how much 
total energy is saved) is important to me. 
 
 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
  

Advanced driver menu (choice of language, 
functions and what other options are 
avaliable when driving) is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Advanced driver options (choice of where 
information is to be shown) is important to 
me. 
 

1 2 3 4 5 6 7 
Not true       True 

 

 
 
 
 
 Adaptable display (where only relevant 
information is presented in the correct 
situation. The information displayed adapts 
to the situation, like cold start, cruising or 
rush-hour traffic) is important to me. 
 

1 2 3 4 5 6 7 
Not true       True 
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Sociodemographical questions 
 
Sex 
 Female   Male 
 
Age __________  
 
Personal status 
  Single   Single with children   Married/ Partner  
  Married/Partner with children 
 
Please choose your level of education 
  Practical        High school     College      Other ___________________ 
 
Approximate yearly income in dollars 
  - 10,000              10,001 – 20,000         20,001 – 30,000  30,001 – 40,000  
 40,001- 60,000  60,001 -  80,000          80,001 -    
 
What state and/or country do you originally come from? _______________________________________ 
 
Do you have a driver’s license?  No  Yes, for how long? __________ 
 
The vehicle I am most familiar with, (own, drive or have ridden in) is…  
Brand____________________________Model_______________________Year____ 
 
a. The vehicle I would like to own is… 
Brand____________________________Model_______________________Year____ 
 
b. Why? 
__________________________________________________________________________________________
________________________________________________ 
 
Why do you like that particular design? 
__________________________________________________________________________________________
________________________________________________ 
 
Rank the order of importance you place on these items when you are deciding to buy a new private 
automobile.   
1 is most important and 5 is least important 
 
 exterior design 
 interior design 
 feel of quality  
 practical 
 feels safe 
 
Do you have experience in these 7 areas? 
 
Acting Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   
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Art Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   

 
Architecture Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   

 
Automobiles Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   

 
Fashion Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   

 
Music Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   

 
Product Design Yes  Interest 
   Hobby 
   Educated 
   Field of employment 
 No   
 
 
                                Thank you for your participation 
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Instruktion för testpersoner 

Välkomna respondenten 
1. Har Du en mobil med dig? Då kan du stäng av den nu. 

 

2. Om Du behöver gå på toaletten kan du passa på att göra det nu då hela 
experimentet kommer att ta cirka 1 ½ tim. 

 

3. Du kommer att medverka i ett experiment som handlar om 
användargränssnitt i en förarmiljö.  

a. Experimentet är uppdelat i 3 moment; inlärning och två 
huvudmoment, med en paus mellan varje enskilt moment.  

b. I det första momentet ska du lära Dig att köra bilen och känna dess 
egenskaper 

c. I det andra momentet ska du köra bilen som du gör i vanlig trafiken, 
följa trafik regler, osv. 

d. I det tredje moment tillkommer vissa uppgifter som Du ska utföra 
samtidigt som Du bilen.  

e. Efter varje huvudmoment kommer vi att be dig fylla i ett 
frågeformulär.  

f. Under tiden Du kör kommer vi att mäta dina ögonrörelser, din 
körförmåga, samt hur din kropp reagerar rent fysiologiskt (puls, GSR, 
handtemperatur (stressindikatorer). 

 

4. Det finns en viss risk att Du kan bli åksjuk. Om du blir för åksjuk för att 
kunna fortsätta köra kan du avbryta experimentet precis när Du så önskar.  

5. Det är viktigt att du inte berättar för andra vad du gjort i experimentet, det 
kan påverka kommande resultat, men efter den 6:e juni ”nationaldagen” är 
det fritt.  
 

6. Du kommer att medverka anonymt. Du får ett testpersonnummer så att 
resultatet inte kan kopplas ihop med dig. Alla resultat kommer att redovisas 
på gruppnivå. 

 

7. Kom ihåg att det är helt frivilligt att vara med i experimentet och du kan när 
som helst avbryta.  

 

8. Vi kommer nu att anpassa simulatorn till dig. Du kan nu sätta dig och ställa 

in stol och ratt så att du sitter bekvämt. 

Träning 

1. Vi ska nu gå igenom de viktigaste funktionerna som du behöver känna till för att köra 
bilen. Du kommer även att få köra ca 10 min för att bekanta dig med bilen. 

2. Nu ska vi gå genom bilens funktioner 
a. Lägg märke till att bilen har en automatisk växellåda, allt du behöver 

göra är att sätta den i läge ”D” för att kunna köra. 
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b. Vi vill att du ska lära känna bilen och dess egenskaper; gasa, bromsa, 
styra genom svängar och rondeller, osv. 

c. Försöka hålla hastigheten under körningen. 

Fysiologiska mätutrustningar 
1. Vi ska nu sätta på dig utrustning för att mäta din puls, handtemperatur och 

handens ledningsförmåga. Vi kommer även att mäta din puls via tre 
sensorer på dina nyckelben samt på ditt nedersta revben.  

 

2. Denna utrustning kommer att sitta på din vänstra hand. Kan du hålla ut 

handen som jag visar. 

Experiment  
1. Det här är huvudmoment två. Här ska du köra en 15 km sträcka där 

meddelanden kommer att dyka upp i någon av bilens displayer vid flera 
tillfällen. 

a. alla varningar/tecken och all text är tydligt angivna och du ska 
utföra uppgiften som du anser det passar dig bäst. 

 

2. Din uppgift när meddelanden dyker upp är att: 
a. Vid kvittera: 

i. Kvittera bort meddelanden. Tryck på ”reset” knappen på 
vänster rattspak och meddelandet försvinner från 
displayen. 

 

b. Vid handla: 
i. Utföra den handling meddelandet visar. När handlingen 

är korrekt avklarad försvinner meddelandet. 
 

3. Nu ska Du köra bilen som om den är en riktig bil.  
a. Håll dig till hastighetsbegränsningarna.  
b. Om bilar framför dig är för långsamma kan du göra en 

omkörning.  
c. Sträckan börjar med 70 km/h.  

 

4. Du kan kliva ut ur bilen,  
a. ta en kort paus  
b. och fylla i frågeformuläret om hur du upplevde detta moment. 
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Baseline 
1. I det här är momentet ska Du köra en 15 km sträcka utan några andra 

uppgifter att sköta. Det gör vi för att vi ska kunna jämföra med 
huvudmoment två där du samtidigt utför vissa uppgifter. 

 

2. Du ska köra bilen som om den är en riktig bil.  
i. Håll dig till hastighetsbegränsningarna.  

ii. Om bilar framför dig är för långsamma kan du göra en 
omkörning.  

iii. Sträckan börjar med 70 km/h.  
 

3. Du kan kliva ut ur bilen,  
i. ta en kort paus  

ii. och fylla i frågeformuläret om hur du upplevde detta moment.  
iii. Under tiden förbereder vi nästa moment. 

Intervju 
- Nu ska vi avsluta med några frågor om hur du upplevde att köra bilen. 
 

Tack för din medverkan!  
- Du får en matkupong på Centrumresturang. Kvittera här för att visa att du fick kupongen
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DALI - Driver Workload Test 
 
 
 
During the experiment that you have just achieved, you may have felt some constraints and 
difficulties with regard to your usual driving task.  
 
 
Also, we are proposing to evaluate these potential modifications through 7 factors; these 
factors are described on the board below. Don’t hesitate to ask any questions if you need it. 
 
 
 

Factor 
 

Description 
 

Global attention demand Mental (to think about, to decide ) 
visual and auditory demand required 
during the test to achieve the whole 
activity. 

 

Visual demand Visual demand required during the 
test to achieve the whole activity. 
 

Auditory demand Auditory demand required during the 
test to achieve the whole activity. 
 

Tactile demand Specific constraints induced by 
vibrations during the test.  
 

Stress Level of stress during the whole 
activity such as fatigue, insecure 
feeling, irritation, discouragement  
 

Temporal demand Pressure and specific constraint felt 
due to timing demand when running 
the whole activity. 
 

Interference Disturbance of the driver’ state and 
consequences on the driving activity 
when conducting the driving activity 
simultaneously with any other 
supplementary task such as phoning, 
using systems or radio   
 

 
For each factor, you are going to rate the level of constraint felt during the session on a scale 
from 0 (low) to 5 (high) with regard to your usual driving task. 
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Global Attention Demand 
How do you rate the global attention required during the test with regard to what you usually 
feel while driving?  

 
Lower              Higher 

 0  1  2  3  4  5 
 
 
Visual Demand  
How do you rate the visual demand required during the test with regard to what you usually 
feel while driving? 

 

Lower              Higher 
 0  1  2  3  4  5 

 
 

Auditory Demand  
How do you rate the auditory demand required during the test with regard to what you usually 
feel while driving? 
 

Lower              Higher 
 0  1  2  3  4  5 
 
 
Tactile Demand 
How do you rate the tactile demand required during the test with regard to what you usually 
feel while driving? 

 

Lower              Higher 
 0  1  2  3  4  5 
 
 
Stress 
How do you rate the stress required during the test with regard to what you usually feel while 
driving?  

 

Lower              Higher 
 0  1  2  3  4  5 
 
 
Temporal Demand 
How do you rate the pressure related to the time available to run the whole activity during the 
test with regard to what you usually feel while driving? 

 

Lower              Higher 
 0  1  2  3  4  5 
 
 
Inference 
How do you rate the modifications of your driving behaviour during the test with regard to 
what you usually feel while driving? 

 

Lower              Higher 
 0  1  2  3  4  5 



 xxiv 

Intervjufrågor                testpersonnummer 
______________ 
1. Kön? ______ 
2. Ålder? _____  
3. Vad är ditt civilstånd? _____________________________ 
4. Vad har du för inkomst/månad?______________________ 
5. Har du nedsatt syn? Om ja, Använder du glasögon eller 

kontaktlinser?____________________________________ 
6. Vilken utbildning har du?___________________________ 

Allmänna frågor  

7. Hur länge har du haft körkort?_____________________________ 

8. Hur ofta kör du bil? Dagligen, varje vecka? Hur många km/vecka? _________________ 

9. Kör du en bil som är nyare än fem år? Om ja vilken _____________________________ 

10. Tycker du att du är en bra bilförare? Kan du förklara varför? 

_______________________________________________________________________

_______________________________________________________________________ 

11. Har du erfarenhet av bilspel eller körsimulator? Omfattning? 

_______________________________________________________________________ 

12. På en skala från 1 till 10, där 1 är mycket enkel att köra och 10 är väldigt svår att köra, 

Hur skulle du säga att simulatorn är att köra. _______ 

13. På en skala från 1 till 10, där 1 är mycket enkelt och 10 är väldigt svårt, Hur skulle du 

säga att det var att läsa och utföra de efterfrågade kvitteringarna/handlingarna när Du 

körde, ______ 

14. Hur var simulatorn att köra? Kan du beskriva hur du upplevde simulatorn? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________  

Interaktion 

15. Tycker Du att Du lyckades utföra de efterfrågade kvitteringar/handlingarna adekvat? Kan 

du förklara?  ____________________________________________________________ 

_______________________________________________________________________

_______________________________________________________________________ 

16. Fanns det kvitteringar/handlingar som var särskilt svåra att utföra? Kan du förklara? 

_______________________________________________________________________
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_______________________________________________________________________

_______________________________________________________________________ 

17. Utförde du kvitteringarna/handlingarna så snart du uppfattade meddelandena? 

Varför/varför inte? _______________________________________________________ 

_______________________________________________________________________

_______________________________________________________________________ 

18.  Hur upplevde du informationen/meddelanden som fanns i de olika placeringarna? 

a. HUD 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

b. HDD 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

c. Infotainment 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

d. Center-stack 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

19. Hur var det att utföra en handling från ett meddelande presenterad i;  

a. HUD 

____________________________________________________________________

____________________________________________________________________ 

b. HDD 

____________________________________________________________________

____________________________________________________________________ 

c. infotainment 

____________________________________________________________________

____________________________________________________________________ 
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d. center-stack 

____________________________________________________________________

____________________________________________________________________ 

20. Skulle Du föredra att information (varningar/meddelanden) placeras enbart bakom ratten 

eller skulle du föredra att det delas upp på de olika skärmar som finns i simulator? Dvs. 

att information med olika grad av viktighet befinner sig på olika positioner? Förklara? 

_______________________________________________________________________

_______________________________________________________________________ 

21. Vilken placering i bilen tycker du passar bäst för varje typ av varning? 

a. Varningar för fel/problem som gör att du måste stanna bilen t ex motorn överhettas 

______________ 

b. Varningar om osäkra körförhållanden t ex halka ____________ 

c. Varningar som kan åtgärdas direkt t ex dörren på glänt ______________ 

d. Varningar som meddelar om att utföra service snart t ex byta olja _______________ 

Reflektioner om körning 

22. Skulle du utföra samma typ av kvitteringar/handlingar medan du kör en vanlig bil/ din 

egen bil? (t ex. läsa ett meddelande/varning och sen kvittera bort det) Kan du förklara? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

23. Gör du något av följande regelbundet under tiden du kör bil? 

a. Skickar SMS? __________________________________ 

b. Pratar i telefon? _________________________________ 

c. Ringer upp med telefon? __________________________ 

d. Lyssnar på radio/musik? __________________________ 

e. Använder navigeringssystem? ______________________ 

f. Ändrar inställningar i navigationssystemet? ___________ 

g. Justerar ventilation/värme/klimatanläggning? _______________________________ 

h. Gör du saker eller använder Du funktioner som tar Din uppmärksamhet från vägen 

mer än två sekunder? (t.ex. byta CD-skiva, byta låter i MP3-spelare, äta, osv.) Vilka? 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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Reflektioner om testet 

24. Är det något du vill tillägga? Några ytterligare kommentarer? 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

 

 

 

25. Plats för övriga information av intresse som förekom under intervjun. 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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Välkommen, jag heter Phillip Tretten och är ansvarig för undersökningen, tack för att du vill 
medverka. Vi har fått ditt namn ur folkbokföringsregistret. 
 
Denna undersökning gäller s.k. Head-Up Displayer för bilar, och den avser att undersöka var 
informationen ska placeras, vilken information de ska presentera och hur informationen ska 
visas. 
 
Känner du till vad HUD är för något? 
Det är en display som projiceras på vindrutan, vilket gör att den ser ut att sväva i luften 
framför bilen. Det har använts länge i flygplan och finns idag i några bilmodeller. Visa bilden! 
 
Undersökningen kommer att gå till så att vi monterar en iPhone i din bil och du kommer få 
testa hastighetsvisare i vindrutan under tre dagar. Du kommer också att få svara på ett antal 
frågor, dels nu och dels efter att ha använt HUD-en. 
 
För att du ska kunna delta i undersökningen måste vi få ditt skriftliga medgivande, därför vill 
vi att du läser igenom detta dokument och skriver under det. Det är viktigt att du förstår att du 
kan avbryta testet när helst du behagar och att Luleå tekniska universitet är ansvarig för dina 
personuppgifter. Dessa kommer att hanteras konfidentiellt för att du ska kunna vara anonym.  
 
Det som vi vill att du gör är helt enkelt att köra precis som vanligt med din bil och använda 
hastighetsvisaren så som du själv tycker passar. Det är dina åsikter och upplevelser som vi är 
intresserade av. Vad var bra, vad var dåligt, hur kan systemet göras bättre osv. 
 
Det finns vissa begränsningar med den teknik som vi använder, och dessa behöver vi 
informera dig om. Den främsta är att iPhonen inte är tillräckligt ljusstark för att kunna 
användas i fullt dagsljus, vilket tyvärr medför att den fungerar bäst på eftermiddagen och 
kvällen. Ljusa dagar syns den helt enkelt inte. Detta är en begränsning som gäller just vår 
utrustning, de riktiga HUD som finns på marknaden idag anpassar ljusstyrkan efter 
ljusförhållandena och syns lika bra på dagen som på kvällen. Tyvärr har vår teknik denna 
begränsning och det finns inget vi kan göra åt den, men genom att använda systemet på 
kvällen hoppas vi kunna genomföra experimentet ändå. 
 
Nu vill jag att du besvarar några frågor, sedan skall vi installera systemet i din bil och därefter 
tar vi en kort biltur för att du ska få bekanta dig med hastighetsvisare på vindrutan. 
 
Jag behöver mäta skärmens position i förhållande till dina ögon, så om du sitter som du gör då 
du kör så ska jag försöka mäta vinkeln mellan horisontalplanet och bilden på vindrutan.
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Jag bekräftar härmed att jag av försöksledaren har fått nedanstående information om 
projektet. Försöksledaren har förklarat att mitt deltagande är frivilligt och att jag kan avbryta 
mitt deltagande när som helst. Försöksledaren har också informerat om undersökningens syfte 
och innehåll, tidsåtgång, vad som förväntas från min sida, sekretess och om hur mina svar på 
frågor kommer att behandlas.  
 
Härmed bekräftar jag att jag frivilligt deltar i projektet ”Head-Up Display”, samt att jag 
kvitterat ut följande utrustning: 
 
1st iPhone med serienummer: _______________________________________ 
2st Laddare till iPhone 
1st Hållare för iPhone 
 

• Syftet är att undersöka om, och hur, användande av Head-up displayer påverkar 
framförande av fordonet. 

• Viktigt att förstå är att: 
- Dina uppgifter behandlas i enlighet med sekretesskraven 
- Du kan avbryta Ditt deltagande när helst Du så önskar 
- Du kommer att erhålla fullständiga instruktioner om vad Du förväntas göra 
 innan försöket tar sin början 
- Det finns inga rätta eller felaktiga svar på de frågor som kommer att ställas till 

Dig utan det är Dina åsikter som är av intresse 
- Resultaten kommer att presenteras på ett sådant sätt att Du garanteras 

fullständig anonymitet 
- Eventuell skada på, eller förlust av, anförtrodd utrustning som uppkommit 
 p.g.a. slarv från Din sida är Du ersättningsskyldig för 
-  Universitetet och försöksansvarig tar inget ansvar för skador som uppkommit på 

person eller utrustning till följd av ovarsamt förfarande från testpersonens sida i 
samband med studien 

• Några frågor som Du vill ha besvarade innan undertecknandet? 

Ort och datum 
_________________________ 
 
 
__________________________________ 
Namnunderskrift 
 
 
_________________________________  
Namnförtydligande 

 
Utrustningen återlämnad: 

2010- ______________________ 

 
 
__________________________________ 
Försöksledarens underskrift

 
Projektansvarig och testledare 
Phillip Tretten    +46705664940 
Luleå tekniska universitet phillip.tretten@ltu.se
97187 Luleå 
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□ □

 
 
 

 

Har Du något synfel som kräver korrektion då Du kör? 
□ Ja, vad? _____________________________________________
□ Nej 

□ Ja, var? _____________________________________________
□ Nej

          

Hur bedömer Du ditt intresse för teknik? 

 
  
Hur bedömer Du att det är att köra med 
den vanliga hastighetsmätaren? 

 

 

1 2 3 4 5 6 7  
 
 
Mycket svår     Mycket lätt 
att köra         att köra 
1 2 3 4 5 6 7  

Del 1 
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Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

OQ1 Jag tror att en hastighets visare på vindrutan skulle hjälpa mig förbättra min bilkörning. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PU1 Hastighetsvisare på vindrutan skulle kunna göra att jag reagerar snabbare på 
trafiksituationen. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

BI2 Jag skulle använda hastighetsvisare på vindrutan då jag kör. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

SN2 Generellt sett tror jag att Vägverket/Polisen skulle stödja användande av en hastighets 
visare på vindrutan. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
 

Del 1 
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Del 1 

I1 Jag skulle känna mig stolt över att ha en hastighetsvisare på vindrutan i min bil. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PEU3 Jag tror att det är lätt att använda hastighetsvisare på vindrutan. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PU2 En hastighetsvisare på vindrutan skulle förbättra min körförmåga. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

RD1 Jag skulle prata till andra om de fördelare som finns med användning av en 
hastighetsvisare på vindrutan. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

SN1 Jag skulle vara mer villig att använda mig av hastighetsvisare på vindrutan om viktiga 
personer till mig tyckte det. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PU4 Jag tror att en hastighets visare på vindrutan är behaglig att använda. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

BI3 Om jag hade en hastighetsvisare på vindrutan i min bil skulle jag använda den istället för 
den vanliga hastighetsmätaren. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

JR1 Jag skulle vara mer villig att använda mig av hastighetsvisaren på vindrutan för att det 
verkar vara mer säker en den vanliga hastighetsmätaren. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

JR2 Jag tror att en hastighetsvisare på vindrutan skulle minska risken att jag skulle råka ut 
för en olycka. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PE1 Jag tror det är roligt att köra med en hastighetsvisare på. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 
 



 xxxvii 

Del 1 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PEU4 Jag tror att det skulle vara lätt för mig att bli skicklig på att använda hastigheten på 
vindrutan. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Dåligt 1  2  3  4  5  6  7 Bra

 
 

Skadligt 1  2  3  4  5  6  7 Fördelaktigt
 
 

Dumt 1  2  3  4  5  6  7 Klokt
 
 

Trevligt 1  2  3  4  5  6  7 Obehagligt
 
 

Farligt 1  2  3  4  5  6  7 Säkert
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Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

OQ1 Hastighetsvisaren på vindrutan hjälpte mig förbättra min bilkörning. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

BI2 Jag använde hastighetsvisaren på vindrutan då jag körde. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PU4 Hastighetsvisaren på vindrutan var mer behaglig att använda än den vanliga 
hastighetsmätaren. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PA1 Den nytta hastighetsvisaren på vindrutan gav mig är viktig för mig. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 
 
 

Del 2 
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SN2 Generellt sett tror jag att Vägverket/Polisen skulle stödja användande av en hastighets 
visare på vindrutan. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
 

I1 Jag kände mig stolt över att ha en hastighetsvisare på vindrutan i min bil. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PEU3 Det var lätt att använda hastighetsvisaren på vindrutan. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

RD1 Jag pratade till andra om de fördelare som fanns med en hastighetsvisare på vindrutan. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

SN1 Jag skulle vara mer villig att använda mig av hastighetsvisare på vindrutan om viktiga 
personer till mig tyckte det. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PU4 Hastighets visare på vindrutan år mer behaglig att använda en det normala 
hastighetsmätare. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

BI3 Om jag hade en hastighetsvisare på vindrutan i min bil skulle jag använda den istället för 
den vanliga hastighetsmätaren. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

JR1 Jag skulle vara mer villig att använda mig av hastighetsvisaren på vindrutan för att det 
var mer säker en den vanliga hastighetsmätaren. 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

JR2 Hastighetsvisaren på vindrutan minskade risken att jag skulle råka ut för en olycka. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 



 xl 

PE1 Det var roligt att köra med en hastighetsvisare på vindrutan. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 
 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

PEU4 Det var lätt för mig att bli skicklig på att använda hastighetsvisaren på vindrutan. 
 

Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
Dåligt 1  2  3  4  5  6  7 Bra

 
Skadligt 

 
1  2  3  4  5  6  7 

 
Fördelaktigt

 
Dumt 

 
1  2  3  4  5  6  7 

 
Klokt

 
Trevlig 

 
1  2  3  4  5  6  7 

 
Obehaglig

 
Farligt 

 
1  2  3  4  5  6  7 

 
Säkert

Del 2 



 
 

xli 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 
 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 

 
Instämmer inte alls 1 2 3 4 5 6 7  Instämmer helt 

 

 

 

6. Har Du förändrat Ditt sätt att läsa av hastighet jämfört med tidigare? (oftare, mindre, i olika 
trafiksituationer, mm.) På vilket sätt? 
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