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Preface

Today we are surrounded by different kinds of products and different technologies 
that we use on a regular basis. But, do we ever think about how we use them, why we 
use them, for whom they are designed, and why they are designed in that manner? 
Perhaps it is time to consider these matters. By writing this thesis, I want to shine 
some light upon the possibilities offered by altering our products for a better fit to 
us, especially a part of a product that many of us encounter quite regularly—the 
automobile user interface. It is hard to keep up with the pace in a world of this kind 
of rapid technological development, and the pace will not slow down if the users 
themselves take over more of the power of design. However, individuals will be of-
fered the choice of following their own pace. This thesis can be read with interest by 
researchers, designers of automobile interaction, or regular people with an interest 
of getting the most out of their automobiles.

Almost as many as the choices in the design of automobile user interfaces are the 
people that deserve an acknowledgement for making this thesis happen. My super-
visors: Anita Gärling, Dennis Pettersson, Peter Törlind, and also Jan Lundberg that was 
involved in my earliest time as a PhD student. My co-writers: Dimitrios, Sus, Anders, 
and Janne. My nearest people at work: Phillip, Therese, and also Maria. And Therese 
for sharing her desk with me. The people I’ve bugged with lengthy discussions regard-
ing the content in papers or the thesis, especially Åsa and Rickard. Micke for helping 
me with the layout. The people at Industrial design and all nearby divisions at LTU. My 
financiers and all the people I worked with in EFESOS and OPTIVe. And everyone else 
that deserve an acknowledgement. If you feel that you in some way contributed to 
this work I owe you a thank you! Last but certainly not least I want to thank Monica, 
Viktor, and Elisa for letting me steal some of their time so I could finish this thesis.

Carl Jörgen Normark



Abstract

Traditionally, mass-produced products are designed to satisfy a majority of potential 
users, however, individual needs and preferences are not in focus. There is a trend of 
products that can change certain aspects in order to improve the fit to the individual 
user. They are, in that sense, personalizable. However, there is a lack of knowledge 
whether this approach can accommodate the demands of both automobile users 
and the traffic environment. A user-centered research through design approach is 
followed in order to explore the design space of personalizable vehicle user inter-
faces to progress the understanding of interaction between user and system as well 
as to explore potential benefits with such a system. The research approach involved 
following a design process with different steps to get a holistic view of the matter: 
user needs in automobiles are explored, acceptance of new technology and the users 
emotional bonding to the product is studied, guidelines for in-vehicle interaction and 
information display design are reviewed, and finally, working system prototypes are 
iteratively designed and evaluated in a simulated traffic environment in order to gain 
knowledge on user experience and behaviour. Personalizable vehicle user interfaces 
have the potential to satisfy several of the identified user needs in automobiles and 
are predicted to be well accepted among users. Nearly all who tested a prototype ver-
sion stated that they would like to have such a system in their cars and could see the 
usefulness of adapting the system to the user. It was generally believed among study 
participants that personalizable vehicle interfaces have the potential to make the 
best out of the drivers’ abilities and thus make driving better, safer, and more enjoy-
able. No negative effects on driving performance were found, however, the long-term 
positive effects on traffic safety needs further study. The personalizable systems were 
experienced mostly in a positive manner, where functional and aesthetic approaches 
as well as emotional bonding with the product were found important. This knowledge 
can be used by vehicle designers and developers to build user interfaces that uses the 
full potential of computer technology in cars to facilitate safe and pleasurable vehicle 
interactions where the end-user get the power to take part in the design of his or her 
own user experience.

Keywords
Personalization, research through design, user-centered design, user experience, 
emotional design, automobile, in-vehicle systems
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Definitions of key terms  
used throughout the thesis

Personalization – “a process that changes the functionality, interface, information content, or dis-
tinctiveness of a system to increase its personal relevance to an individual” (Blom, 2000, p.313)

User – A human being that is using or intends to use a product, with emphasis on the human qualities 
of the user. User and human are used interchangeably throughout this thesis in order to better 
reflect the meaning of the original reference

Product – Designed and manufactured goods or a service, or a combination of these, with some 
evident area of use

Interface – I.e. user interface. That what is between the human user when he or she controls a 
technology and the actions that technology take

HMI (Human Machine Interface) – See Interface

Need – Refer to psychological needs. Something you need in order to accomplish something and 
to feel good and thrive rather than something you need to survive

Technology – The application of scientific knowledge for practical purposes

Smartphone – A handheld telephone where functionality has been expanded beyond communica-
tion in the form of phone calls and text messages

Interaction design – “Interaction Design (IxD) defines the structure and behaviour of interactive 
systems. Interaction designers strive to create meaningful relationships between people and the 
products and services that they use, from computers to mobile devices to appliances and beyond.” 
(Interaction Design Association, 2014)

Design space  –  All the possible design solutions for an intended design

In-vehicle system – Any system in vehicles that assists the driver, such as advanced driver assis-
tance systems; targets enjoyment, such as infotainment systems; telematics, such as devices for 
communication or navigation; or any other built-in system that the driver can interact with
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This part covers the different elements that together point to the 
potential of vehicle user interfaces that can be tailored to each 
driver’s liking. Also introduced are the aim and scope of the re-
search and information about the projects through which the re-
search has taken place.
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If you are able to tailor the products you use on a daily basis, they will better 
fit your life, your actions, your needs, your preferences, and perhaps even 
your personality. Thus, the product will be easier and more pleasurable 
to use. This is possible for many products, especially electronic products 
with user interfaces, such as computers and smartphones. However, this 
approach has not yet been applied to one widespread everyday product—
namely, the car. Personalizable vehicle user interfaces have the potential 
to make the car not only more pleasurable to use but also safer as a result 
of its better fit to each user. Designing prototypes by means of a research 
through design approach, as well as studying technology acceptance and 
psychological needs that can be satisfied with this personalizable user in-
terfaces, this thesis demonstrates how personalizable user interfaces are 
experienced by the user and how they relate to use in the traffic context. 
This knowledge is valuable for designers and developers in the vehicle in-
dustry, who can apply it in order to create attractive and pleasurable prod-
ucts that are well adapted to the demands of both the users and the traffic 
environment.

There are many ways to improve the quality of products. However, the 
user interface is of great importance because the interaction between user 
and electronically oriented products plays a central role in the ways a prod-
uct is used and perceived. An interface is the locus where the interaction 
between different objects takes place; in this case, it is a user interface 
where a human being and a system interact with each other. The interface 
should ensure that the system becomes usable with few errors and fast 
interaction, useful in producing something that the user actually wants or 
needs, and satisfactory in order to make the user happy. The system should 
deliver something that the user finds meaningful. If the system or parts 
of the system cannot serve a meaningful purpose to the user, these parts 
will remain unused and will possibly become hindrances or liabilities. It is 
very difficult, not to say impossible, to design a system that always satisfies 
all these aspects, for everyone, all the time. There is no such thing as the 
perfect product for all cases. The only real feasible solution, apart from 
manufacturing a nearly unlimited number of variants, is to let the user 
choose some aspects of the interface.

People are individuals and are, in fact, different from one another. Even 
though great efforts are undertaken to develop autonomous vehicles that 
drive by themselves, automobile drivers are, so far, people. Thus, every 
driver has his or her own very specific needs. There are numerous cars on 
the roads every day, each with a driver who does not think like the driver 
in the next car, does not act like the driver in the next car, is not the same 
age as the driver in the next car, does not have the same driving experience 
as the driver in the next car, and so on. To add another dimension to this, 
there are also internal differences within individual people. We might not 
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feel, act, or behave the same way from day to day. To further multiply the 
possibilities for the car, the context in which an automobile is used varies 
a great deal and may also change during use. To conclude, accommoda-
tions for all the myriad ways that different people act and for the varieties 
of contexts they act in will have to be shoe-horned into a product that is 
mass-produced rather uniformly.

How can we then avoid this seemingly bad fit for most people? De-
signing automobiles that more easily change the information given to the 
driver would help that particular individual to a great extent. And if the 
driver could, with his or her own hands, design the information and in-ve-
hicle systems to suit current needs, roads would be much safer and more 
enjoyable places to travel. 

The following paragraphs introduce several different topics that all lead 
to the need for personalizable vehicle interfaces:

•	 The changing nature of everyday products
•	 Information and communication technologies in everyday life
•	 Functional growth in automobiles 
•	 A trend of personalizable vehicle user interfaces
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The changing nature of 
everyday products

At the dawn of time, all products—or tools, as they were most probably 
called—were handcrafted, often by the very same person who intended to 
use the product. The product served a specific purpose or several purpos-
es, depending on the user’s skills and abilities. The product was tailored to 
suit the particular user in the best way possible. The product was also by 
nature very intuitive, since there were not many ways to operate it. This 
was the case until the Industrial Revolution took place, and products could 
suddenly be mass produced (Heskett, 1980; Weightman and McDonagh, 
2003), yielding large numbers of products that look-and-feel exactly the 
same. There are, of course, huge benefits to mass production, not the least 
of which is monetary, but another is that products can be made available to 
users that otherwise would have to live without them. The downside is that 
most products are made to suit most people but not all. Nowadays, there 
are several variants of products to choose among from different compet-
itors, but those products are nevertheless produced with some general 
person or stereotype in mind, and it might be simply by chance that a 
product happens to suit you.

With the introduction of electronic devices and computerized systems, 
things became even more complicated, less intuitive, and less transparent. 
The operation of products and their appearance or form did not have to be 
as tightly coupled as before. The controls of an electronic product are not a 
consequence of hardware; they look that way simply because the designer 
decided so. The products are mostly no longer direct controlled but are 
controlled by an interface that takes care of the users’ actions and trans-
forms them into something that the hardware can handle. Frens (2006) 
gives a good description of how interaction with products has evolved 
through the eras. 

Of course, technological advancements are mostly beneficial. Prod-
ucts evolve to eliminate usability problems found in earlier versions, and 
new products arise to accommodate needs that users were or were not 
aware of. Nevertheless, it would certainly be handy if everyone were able 
to handcraft their products, tailoring precisely as they like. Technological 
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advancements also allow for designers to transform interactions back to 
a less arbitrary experience (Kolko, 2010). The computer does not have to 
take care of everything in a black-box manner but can give the user a sense 
of control and understanding through tight coupling to the user’s mental 
model; at least this user experience will be one of control and understand-
ing. Hancock, Pepe, and Murphy (2005) argue that today’s technical sys-
tems have the flexibility to both accomplish work goals and provide a plea-
surable interaction and that indispensable work can be transformed into a 
much more pleasurable experience. Kolko (2010) argues that experiences 
are always unique and that mass-produced products overlook that differ-
ent people have different behaviour and emotions. All in all, there should 
be great emphasis on the user as an individual with individual needs and 
preferences—and technology should allow for this.

The changing role of the designer for individual users
Karat, Karat, and Ukelson (2000) propose that tools or products should fol-
low the mantra “My purpose is to serve you” (p. 49) and that every product 
should at least be experienced as if it has been designed for the individual 
user and that user’s context. Riecken (2000) also emphasizes the wish to 
have products optimized for the user, claiming that when we acquire a new 
product we usually look for a variant of that product best suited for both 
the task and the individual. Riecken (2000) also claims that using one’s own 
product is a personal user experience, just as a concert pianist would most 
likely want to use her or his own grand piano in concert. Norman (2005) 
raises some concern that the more focus is placed on satisfying specific in-
dividual users, the less a highly tailored product will suit others. In addition, 
individual users’ needs and wants change over time, potentially rendering 
even a highly personalized product useless as the user changes by, for ex-
ample, becoming more proficient in a task. 

Luckily, there is one approach that satisfies all these concerns: personal-
izable products that are adaptable to the user’s needs and preferences and 
allow the preferred tailoring to be altered later as the user, the task, or the 
context changes. Even though a product shows great potential to adapt to 
the user, it is still an artefact that cannot live its own life without a user to 
put some kind of meaning into it. 



7The user as interface designer 

Redström (2006) states that the subject of design should be not the arte-
fact but the user, because users can always find unanticipated uses for a 
product; he also emphasizes the importance of implementing some free-
dom of choice in deciding how a design should be used: 

“Trying to optimise fit on basis of knowledge about use and 
users, we risk trapping people in a situation where the use 
of our designs has been over-determined and where there 
is not enough space left to act and improvise.” (p.123) 

Even though the emphasis is on the individual user, however, this does not 
mean that the user is detached and isolated from the rest of the world. In 
order to produce a good fit for the user, relation to society and the use of 
technology needs to be considered. 
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Information and communication 
technologies in everyday life

Gordon Moore, known for the famous ‘Moore’s law’, predicted as early as 
1965 that “integrated circuits will lead to such wonders as home comput-
ers—or at least terminals connected to a central computer—automatic 
controls for automobiles, and personal portable communications equip-
ment” (Moore, 1965, p.114). Now, in 2014, it can be concluded that he 
was right. Even if today’s home computers are not connected to a central 
computer, they are in fact connected to one another by the decentralized 
Internet.

Today, on-going rapid development in information and communication 
technologies (ICT) contributes to the intensified use of computer-mediat-
ed activities involving information and interaction (Stephanidis and Salven-
dy, 1998). ICT has opened possibilities for new information sources, new 
means of communicating, and new methods of organizing data in ways 
that have made people’s lives dependent on the technology and insepara-
ble from it (Norros, 2014). Kauvo, Tarkiainen, Koskinen, Kompfner, and Am-
ditis (2006) agree and argue that small portable nomadic devices, such as 
smartphones, navigation devices, portable music players, and PDAs, have 
also become a part of everyday life. Even so, Smith (2000) gives a view on 
how computer users are really not in the driver’s seat as they use software 
written by others, claiming that much of the potential computing power 
does not benefit the users: 

“They must use programs (applications) written by others. 
This severely limits their freedom. It’s like having a car that 
you can’t drive. Instead, you must have a chauffeur to drive 
you around. Even worse, the chauffeur takes his orders from 
a company, not from you. Of course, the company tries to 
do the best it can in anticipating where you want to go, but 
. . . would anyone stand for such an arrangement? They do 
with computers.” (Smith, 2000, p.92)
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There are, however, products that make good use of recent technology 
in order to present new ways of communicating, that fit well into social 
activities, that display a good use of computing power and various sensors, 
and that put the user in the driver’s seat by offering nearly unlimited versa-
tility in the use of easily interchangeable functionality. One example of this 
seemingly marvellous piece of technology that affects everyday life is com-
monly known as the smartphone. The paradigm of socioeconomics and 
the technological change that is currently taking place and that can change 
individual behaviour by altering the ways humans interact with informa-
tion—and that can also change the collective consciousness—has been 
termed “the information society” by Stephanidis and Salvendy (1998). 
Among the main challenges these researchers claim the information so-
ciety will encounter are an increasing number of computer users with di-
verse requirements, abilities, and preferences and an increasing variety 
of use contexts. Their research agenda, ‘Toward an Information Society 
for All,’ deals with these matters by producing products and services that 
are usable and accessible to all without the need for previous knowledge 
and without specialized designs. This could be a valid approach—at least 
in theory. However, given that these two challenges makes this approach, 
so to speak, very challenging, an alternative approach would be to make 
use of specialized designs that are easily transferred between or altered 
to suit different people or contexts, as is done in personalization. In a later 
publication, Stephanidis et al. (1999) also acknowledge individualization 
and adaption of user interfaces as a future research action. Smailagic and 
Siewiorek (1996) agree with this approach and state that diverse user in-
terfaces constitute a requirement in emerging mobile environments. 
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Functional growth in 
automobiles

Certain technologies become so highly integrated into everyday life that 
they are nearly indistinguishable from it (Weiser, 1991). One product in 
this category is cars. Not many other highly technological devices are used 
by so many people with so many differences in skills and abilities (Walker, 
Stanton, and Young, 2001). There is a risk that rapid technological advance-
ments in vehicles are accelerating away from research in human factors 
and human-computer interaction (Walker et al., 2001). Norman (1990) 
calls this tendency to add as many features as technology can manage 
creeping featurism (Figure 1).

Figure 1 Functional growth in automobiles.
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When the evolution of the automobile started, vehicles were quite free 
from excessive functions. Among the first automobiles was Karl Benz’s 
self-propelled vehicle, which appeared in the year 1886. Since then there 
has been some considerable technical development in the automotive 
context. The first improvements in automobiles aimed to make them us-
able by, for example, improving and standardizing their controls and giving 
the driver some instruments for vehicle monitoring. Means to make driving 
easier for the user, such as ergonomic seating and thoughtful placement 
of controls, were introduced in the 1930s and 1940s, when human factors 
began influencing the automotive sector more heavily (Akamatsu, Green, 
and Bengler, 2013). Symbols indicating vehicle functions were introduced 
in the 1950s. Navigators were introduced in the early 1980s. Head-up dis-
plays were introduced in the late 1980s but remained uncommon in ev-
eryday vehicles. In the 1990s intelligent transportation systems made their 
way into vehicles, and in the late 1990s integrated interfaces for vehicle 
information and driver aids, along with their controls, were introduced. 
This is where the real problem begins: when the driver has the possibility 
of doing things, secondary tasks, other than safely driving the vehicle. This 
is problematic because driving alone is complex, builds upon multitasking, 
and puts high demands on the driver’s perception, cognition, and physical 
abilities (Regan, Lee, and Young, 2009).

Computer technology is implemented in cars to increase safety and 
reduce accidents, to make more efficient use of the vehicle and roads, and 
to introduce features for the driver’s enjoyment (Walker et al., 2001). How-
ever, this may lead to unwanted side effects, such as overconfidence in the 
system. It has been shown that taxi drivers using vehicles with an anti-lock 
braking system (ABS) drive faster and brake later than drivers of vehicles 
without this system (Wilde, 1994). Walker et al. (2001) state that encour-
aging drivers to make the most of their vehicles’ abilities conflicts with the 
process of keeping them away from adapting their behaviour negatively. 
The researchers also state that other issues arising from the introduction 
of more and more functions in the automobile are distraction and over-
load. Distractions can have a severe effect on driving, and distractions from 
overly complex tasks can lead to negative effects on driving performance, 
as well as to increased stress levels (Tretten, Normark, and Gärling, 2009a).

The introduction of greater computing power in cars also changes the 
nature of the driving task (Stanton and Marsden, 1996). The adaptive cruise 
control (ACC) of the late 1990s, the lane-keeping aids of the early 2000s, 
and other advanced driver-assistance systems (ADASs) also changed the 
way people drive in that the vehicle itself takes over some of the driver’s 
responsibilities. Problems might occur when the driver puts too much trust 
in the vehicle’s ability to handle every situation, particularly when the sys-
tem reacts in some unexpected way (or in a way that to the driver is yet 
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unfamiliar), and the driver tries to counter the vehicle’s otherwise correct 
action by overcompensating. ADASs that take control of the steering or 
pedals must match the user’s model; otherwise, the user might feel un-
comfortable and stop using the system (Akamatsu et al., 2013). 

The actions that the driver undertakes in the vehicle are changing from 
only driving the vehicle to dealing with various built-in systems and with 
nomadic systems brought into the car, both handling the car and com-
municating with people outside of the car. The driving task is therefore 
changing from mostly physical to mostly cognitive (Walker et al., 2001). 
Eventually, the vehicle may even be considered a social mechanism, which 
in turn requires new demands. There is a need for research exploring ways 
to coordinate all these tasks (Akamatsu et al., 2013).

The general functional growth and the changing driving task—expand-
ing from only controlling the vehicle to doing other things as well—result 
not only from the technology push of vehicle manufacturers but also from 
drivers’ increased willingness to voluntarily use a number of devices while 
driving (Kauvo et al., 2006). The driver brings these devices into the car—
and uses them—despite the increased distraction this produces (Horrey, 
Lesch, Kramer, and Melton, 2009). 

There are also other aspects of this functional growth to be considered. 
According to Norman (2011), the automobile is increasingly complex, but 
this complexity is in many cases hidden away by computers that take care 
of it and change the actual task of driving. It is simply a matter of who 
has to deal with the complexity. According to Tesler’s law of conservation 
of complexity, the inherent complexity of an application has to be dealt 
with either when the product is developed or by means of user interac-
tion (Saffer, 2009). The unclear purpose of the increased functionalities in 
cars can make them hard to understand and use (Schröer, Löhmann, and 
Lindemann, 2011). This, in combination with ADASs that automate part of 
the driver’s task, means that the driver makes use of many of the function-
alities in the car rather unconsciously.

It can be concluded that the introduction of new technology into the 
car is quite paradoxical. Technology can help the driver by making driving 
more efficient and by taking away some advanced tasks, such as mechan-
ical and cognitive actions (Norman, 2011), but at the same time, technol-
ogy increases demands on the driver by making cognitive demands and 
creating distraction (Horberry, Anderson, Regan, Triggs, and Brown, 2006). 
All these changes depend on individual factors, such as the driver’s state, 
mood, experience (Hancock et al., 2005), background, level of training, 
technology proficiency, skills, and abilities (Wickens and Carswell, 2005), 
on environmental factors, such as driving context and distractions from 
outside the car, and on vehicular factors, such as the features the car is 
equipped with (Walker et al., 2001).
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A trend of personalizable 
vehicle user interfaces

There is a trenfigud towards presenting all visual information in the vehicle 
on LCD screens or screens with similar technology and capabilities (Figure 
2). Projections or other ways to present information in the windscreen also 
fall into this category. The important aspect is that these information-giv-
ing displays need not necessarily show the same type of information all the 
time, as a mechanical dial does. 

Walker et al. (2001) anticipated that glass cockpits in which the driver 
can customize the appearance of the driver interface could be a reality in 
cars by 2015. We might not be there yet, but late 2015 may still be realistic. 
Tuzhilin (2009) has identified personalization as one of the major trends 
driving the global economy. Technology is now at a point where it can man-
age users on an individual and personal level by means of personalization 
or customization. As users are complex individuals with a multitude of 
needs, products must be adaptable to fit these needs. 

The personalization approach can accomplish goals of experience on 
an individual level for users with different states of cognition, experiences, 
traits, and moods and can also manage changes of these aspects within 
individual users over time (Hancock et al., 2005). The customization of in-
formation can be considered one of the key aspects for future vehicle user 
interfaces, and it will also likely be a future consumer demand (Marcus, 
2004). Marcus (2004) acknowledges that customization of a vehicle user 
interface can be risky since matters of life or death are at stake. However, 
since design for safety is also a key consideration, he argues that this cus-
tomization approach can allow the driver to achieve tasks faster and more 
safely. 

Other key challenges for vehicle user interfaces are reducing the com-
plexity of interfaces and avoiding cognitive and sensory overload for the 
driver (Marcus, 2004). Reconfigurable instrument clusters can display 
information that is relevant for the task at hand and reduce cognitive 
complexity, thus creating a better user experience (Wellings, Williams, At-
tridge, Binnersley, Robertson, and Khan, 2011). Davidsson and Alm (2014) 
claim that there is a need to better support safer, more environmentally 
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friendly, and more efficient driving by providing the driver with the right 
information via new technology. They argue that showing all the available 
information at the same time would be detrimental, however, because of 
the distraction and increased cognitive load this would entail. Their study 
shows that people have different needs in different contexts and propos-
es flexible and adaptable display technologies as a way to better address 
these user needs. Davidsson and Alm claim that another benefit of flexible 
driver information is that it can support emotional aspects such as comfort, 
control, and fun. Further, it has been demonstrated that different people, 
if they have a choice, prefer to consult displays in different locations in the 
automobile in order to obtain information (Normark, Tretten, and Gärling, 
2009).

Figure 2. Computerized instrument cluster that can change certain 
aspects. Image Copyright Volvo Car Group.
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The research projects
The work in this thesis has been carried out in two subsequent research projects

OPTIVe
The objective and purpose of optimized system integration for safe inter-
action in vehicles (OPTIVe) was to:

• Investigate, evaluate, and demonstrate methods and technical solutions 
for the safe, efficient, and cost-effective integration of HMI systems in cars

• Increase safety by reducing the driver’s cognitive and visual distraction 
• Increase effectiveness of complex driver dialogues with safety, infotain-
ment, and telematics systems

• Ensure intuitive human-machine interaction despite continuing function-
al growth

• Prioritize and schedule driver information to encourage “hands on the 
wheel and eyes/mind on the road”

EFESOS-DRIVI
The work in this thesis was carried out in the Environmental Friendly, Effi-
cient, Enjoyable, and Safety Optimized Systems project (EFESOS), subproj-
ect DRIVI (DRIVer Information and Interaction), Work Package 1: Flexible 
and Adaptive Driver Information. The project was managed by Volvo Car 
Corporation (VCC) in collaboration with five other research partners: HiQ 
Göteborg AB, Luleå University of Technology (LTU), Semcon AB, the Chalm-
ers Institute of Technology, and the Swedish National Road and Transport 
Research Institute (VTI). The overall ambition and objective of the project 
was to make driving future cars safe, enjoyable, and environmental friend-
ly by means of optimized systems. A number of automotive trends were 
identified before the project started to guide it:

• Functional growth in automobiles is remarkable and is expected to further 
increase.

• Increased flexibility and adaptivity of products due to technical advance-
ments

• Higher integration of infotainment, as well as of advanced driver aids, in 
normal driving conditions

• Focus has shifted from initial inclusion of functionality to include usability 
issues. The focus will shift even further towards the user’s experience with 
a product.

• More support will be needed for drivers’ tactical and strategic levels, un-
like today, when only operational levels are supported (such as steering 
and braking).
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Aim and scope

Today, there are great possibilities for personalizing products and user in-
terfaces, not at least in computers and smartphones. However, Van Velsen 
(2011) points out that research regarding personalization mostly examines 
effectiveness and efficiency; usability and user experience are underrepre-
sented in personalization research. Much research is also system-centered 
and thus of limited value when constructing a system for human users 
(Díaz, García, and Gervás, 2008). Van Velsen (2011) also notes that the lack 
of research in usability and user experience has resulted in an incomplete 
understanding of the interaction between user and personalizable system, 
and this has prevented designers from gaining the proper tools to design a 
system that provides an ideal user experience. 

Gaps in previous research
The user experience depends on the fulfilment of a user’s own needs and 
motivations and also on the characteristics of the products, such as usabil-
ity and functionality (Hassenzahl and Tractinsky, 2006). However, the pos-
sibility of letting the user explicitly control these aspects is rarely touched 
upon. Despite the potential for personalizable user interfaces and previous 
knowledge about these systems, there is a gap regarding how they work 
in the vehicle context. Some studies deal with the personalization of driv-
er interface—for example, monitoring reactions to changes in the instru-
ment cluster (Tractinsky, Abdu, Forlizzi, and Seder, 2011) and rendering 
user models from data about a user (Feld, Meixner, Mahr, Seissler, and 
Kalyanasundaram, 2013). Studies have also focused on adapting in-vehicle 
systems according to previous interaction patterns (Siewiorek, Smailagic 
and Hornyak, 2002; Kim, Sekiyama and Fukuda, 2009; Garzon, 2012) or on 
the automatic recognition of user characteristics (Moniri, Feld and Müller, 
2012). But it seems that most studies, except for Garzon (2012), do not 
accommodate a driving context to any great extent.
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Aim and research questions

Because there is a gap in research about users’ experiences interacting 
with personalizable systems and about how such systems should be 
designed, especially in the vehicle context, the aim of this thesis is to 
explore the design space of personalizable user interfaces in vehicles. 
This approach will aid understanding of possible future situations in which 
personalizable systems will be used, and it will provide valuable knowledge 
to the designers of these systems. Given the aim, a number of research 
questions were formulated: 

 - How should vehicle displays be designed in order to facilitate good 
human-computer interaction?  
 (covered in paper I) 
 - How can personalization of the user interface satisfy drivers’ needs?
 (covered in papers II and VI)
 - Will users accept personalizable vehicle interfaces?
 (covered in papers III, IV, and V)
 - How will users experience a personalizable vehicle interface?
 (covered in papers III, IV, V, and VI)
 - How can personalizable vehicle user interfaces be designed to be 

useful, usable, safe, and efficient in traffic? 
 (covered in papers IV and V)

Limitations
The work in this thesis does not verify a personalizable system’s long-term 
effect in traffic but gives a view of a desired future in which the driver’s user 
experience is enhanced. However, it is important to note that this does not 
mean that a system that foremost gives the user a positive experience but 
that is at the same time potentially hazardous should be implemented. Al-
though auditory and haptic information can support safe driving, they are 
not considered here because a visual task can affect the driver to a greater 
extent (Recarte and Nunes, 2000; Wierwille, 1993). Exactly what people 
do in cars today by the means of a task analysis, ethnographic field studies, 
or similar method is not sought after. This thesis does not cover the mod-
elling of the driver, other perspectives on data-driven system-generated 
personalization, nor does it differentiate between older/younger drivers, 
those of different cognitive capabilities, risk taking, and so on; instead, a 
system that tolerates variations in all of these aspects is suggested. Even 
though the user is important for the design process of personalizable sys-
tems and even if the user can act as co-designer of his or her user interface, 
the approach of participatory design is not taken here because the design-
ers’ and the users’ input to the design will not occur at the same time.



Design is a field in which theory and method are intertwined and 
inseparable. Therefore, this part describes both different theoret-
ical views of design and the way the current thesis projects have 
been conducted in parallel. It also contains a description of how 
this work is positioned within the realm of design research. 



21The user as interface designer 

Design and design research

Design is not always based on solving a problem (Westerlund, 2005; 2009; 
Jahnke, 2013). Even though there are problems that need to be solved, 
many of them tend to be ‘wicked’ in the sense that problem solving is not 
readily applicable (Rittel and Webber, 1974). Such problems may instead 
benefit from the exploration of possibilities. For example, technology can 
produce meaningful and usable solutions instead of being reduced to 
means of solving distinct problems. For example, consider which prob-
lems smartphones really solve for the user in relation to the possibilities 
they offer. 

For the work in this thesis, a broad approach has been strived for, in or-
der to grasp the relatively new phenomenon of personalizable vehicle user 
interfaces. The current work can be described as comprising an explor-
ative, experimental, and user-centered research through design (Frayling, 
1993) approach. Both exploratory and experimental approaches are used. 
Exploratory approaches involve effort to clarify user-desirable features 
and requirements, and experimental approaches attempt to determine 
whether the proposed solution is adequate for the user (Floyd, 1984). An 
action-based approach in design research can result in intertwined theo-
ry and methodology because design practice has shown that the action 
of actually doing design is one of the best ways of understanding design 
(Wikberg Nilsson, 2012). Therefore, both theoretical and methodological 
aspects of design are described in this section. 

Compared to long-established research fields, design can be consid-
ered a relatively new area of research, having emerged in the early twen-
tieth century (Frankel and Racine, 2010). Design is a multidisciplinary field 
consisting of knowledge from various related fields, in which it also plays 
a central role, such as computer science, architecture, engineering, and 
medicine (Fällman, 2008). Stolterman argues that “any attempt by inter-
action design research to produce outcomes aimed at supporting design 
practice must be grounded in a fundamental understanding of the nature 
of design practice” (2008 p.55). What then is the common view of design? 

The word design originates in the Latin words de and signare, which 
together indicate making something, distinguishing something by a sign, 
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giving significance, or designating a relation to things (Krippendorff, 1995). 
The concept of design has broad and sometimes contradictory definitions, 
but there seem to be some common views that it has to do with solving 
problems, finding solutions, and meeting needs—and that design gener-
ally refers to a goal-oriented process (Friedman, 2003). Design might be 
considered a fundamental human behaviour, realized in the effort towards 
some kind of betterment in everyday life situations (Nelson and Stolter-
man, 2003). 

In turn, this sometimes unconsciously performed action can be consid-
ered one of the more intelligent human behaviours. There is a strong con-
nection between cognition and design, as design uses cognitive processes 
for human vision and perception, thought processes, analogical thinking, 
and memory (Oxman, 1996). A rather straightforward definition of design 
is “to conceive the idea for some artefact or system and/or to express the 
idea in an embodiable form” (Roozenburg and Eekels, 1995 p. 53). Fur-
thermore, one contribution to the definition of design is made by Simon’s 
(1996 p.111) statement that “…everyone designs who devises courses of 
action aimed at changing existing situations into preferred ones.” Simon 
continues by declaring that design is concerned not with how things are 
but with how they might be—with creating new possible and desirable fu-
tures. Thus, design can be understood as a way of influencing and creating 
preferred future possibilities. 

From human-computer interaction to interaction 
design
Interaction design is an interdisciplinary field that integrates design, engi-
neering, and social sciences (Zimmerman, Stolterman, and Forlizzi, 2010). 
The field is growing fast, perhaps because it is argued that interaction 
design is a natural evolution of industrial design owing to the increasing 
importance of electronic products in society (Bürdek, 2005). On a path to-
wards interaction design, human-computer interaction (HCI) has emerged 
as a clearly design-oriented research field, the focus of which is to de-
sign new information and interaction technologies. The design approach 
comes from making and shaping new previously non-existent artefacts; it 
produces an intentional change (Nelson and Stolterman, 2003; Fällman, 
2003a). Knowledge from different areas of the HCI research process, such 
as fieldwork, theory, and evaluation, is not often put together to form 
and display a coherent whole: this can be done only with design (Fällman, 
2003a). Thus, a research through design approach seems to be suitable in 
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the areas of interaction design (Zimmerman, Forlizzi, and Evenson, 2007) 
and HCI. A transition towards design within HCI steps away from an in-
adequate focus solely on usability issues towards a broader focus on the 
human experience, which is more difficult to evaluate and needs a more 
designerly approach (Zimmerman and Forlizzi, 2008). Interaction design 
has been a contributing factor to advances in design research in the cross 
section between people and technology (Rogers, 2004; Stolterman, 2008). 
The Interaction Design Association explains the term as follows: 

“Interaction Design (IxD) defines the structure and be-
haviour of interactive systems. Interaction designers strive 
to create meaningful relationships between people and 
the products and services that they use, from computers 
to mobile devices to appliances and beyond.” (Interaction 
Design Association, 2014)

Interaction design can be considered a true design discipline, the objective 
of which is to create new interactive systems, to change existing ones into 
a preferred state (Fällman, 2008), and to form these artefacts specifically 
with the user experience in mind (Löwgren, 2002). According to Fällman 
(2008), research in the field of interaction design shifts away from product 
functionality towards the aesthetics of interaction. These aesthetic consid-
erations include the entire user experience: look-and-feel, the way things 
work (and how elegantly they work), the flow of interaction, and how well 
the content fits. 
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Research positioning within 
design research

There are many different ways of conducting design research. For exam-
ple, Cross (1999) distinguishes three categories: design epistemology, how 
people design; design praxiology, design methods and processes; and de-
sign phenomenology, the artefacts that emerge from design. Phenome-
nology is the study of conscious experiences from a first-person point of 
view (Smith, 2013). In line with this, Alexander (1971) argues that design 
can be improved by studying the underlying meaning that people see in 
situations or objects. Furthermore, Buchanan (2001) divides design re-
search into clinical, basic, and applied design research. Friedman (2000) 
proposes four areas of a progressive design research programme: philoso-
phy and theory of design, research methods and research practices, design 
education, and design practice. Fällman (2003a) presents three different 
accounts of design. According to the conservative account—comprising 
analysis, synthesis, and evaluation—design can be about breaking down 
and analysing a problem in order to find a solution for it, and then analysing 
the solution (Jones, 1970). An iterative view is later added to this account 
in order to allow designers to move more freely between these steps. This 
view is prevalent in engineering design, as well as in the fields of architec-
ture, industrial design, information systems, and software engineering. In 
Fällman’s romantic account, design work is conducted by ‘creative genius-
es’ using tacit knowledge within a ‘black box’ that is not transparent to the 
rest of the world (Edeholt, 2011). Finally, in the pragmatic account, design 
takes place in the everyday situations lived by ordinary people and deals 
with interpreting the effects of designs and with the creation of meaning. 

The work in this thesis is situated somewhere near a phenomenological, 
pragmatic, and applied mind-set. The importance of learning by doing, by 
varying and combining factors according to changes in circumstances, was 
proposed by Dewey (1916). In line with this notion, Schön’s (1983) ideas of 
‘knowing-in-action’ and ‘reflection-in-action’ are also followed; a reflective 
conversation is undertaken between artefact and situation. Schön propos-
es the act of reflecting upon one’s actions and of making inferences and 
corrections related to these reflections in order to achieve better results—
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or to maintain the same good results—based on the practitioner’s feel for 
the activity at hand. However, the greatest benefit of this approach is that 
is does not separate theory from action, as is done in traditional science, 
where one must first learn the relevant theories in order to learn how to 
practice (Schön, 1983). 

Reflection-in-action is a mind-set that opens the way for handling the 
importance of the practice of phenomena that are complex, uncertain, un-
stable, and unique and that have conflicting values (Schön, 1983). Among 
other earlier mind-sets is Simon’s (1996) science of the artificial, in which 
scientific attitudes are brought to design and design should be, at least 
partly, analytic, formalizable, empirical, and teachable. Traditional science 
is very often rigorous and uses well-defined techniques, but it might lack 
societal relevance and importance. Reflection-in-action offers a way to 
address relevant issues that are messy and undefined but ever so crucial. 
Reflection-in-action can be considered reflection upon things that do not 
necessarily belong to or relate to a well-established theory. Reflection can 
relate to the discovery of things that do not fit, as well as of things that fit 
very well, in order to possibly define new theory coupled with a unique 
case. This shows the strength of design to see the whole instead of sepa-
rate pieces. 

This way of enquiry also aligns with Archer’s (1981) contention: “The 
idea that there exists a designerly mode of enquiry, comparable with, but 
distinct from, the scientific and scholarly modes of enquiry seems to be 
defensible by the design methods literature” (p.34). This works well to-
gether with Simon’s (1996) bridging the gap between science and practice 
by proposing a science of design, even though Simon and Schön represent 
opposite extremes of a scale with tacit and generalizable knowledge at 
either end. However, this science of design builds upon well-defined and 
instrumental problems, whereas the notion of personalizable vehicle user 
interfaces neither necessarily relates to a problem nor necessarily relates 
only to instrumental factors and is furthermore not necessarily well de-
fined. Archer’s (1984) view of design science is one in which design is con-
sidered a systematic process and the purpose of design is to generate ob-
jective knowledge. Schön (1983) challenges the systematic and structured 
view with his constructivist perspective and his claims that design practice 
does not follow clearly separated steps and that design is about problem 
setting rather than problem solving. To this point, no one knows what the 
future will hold, so it makes sense that design science proposes the pos-
sibility of several preferred future solutions rather than merely solving a 
problem (Rittel and Webber, 1974; Buchanan, 1992). 

There are, of course, ways of combining different mind-sets regard-
ing design research. Koskinen, Binder, and Redström (2008) gather and 
compare three different views on practice-based research that intertwine 
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design and research. They claim that these approaches are distinct but 
may actually be converging: the lab approach builds upon experimental 
approaches from more established traditions, such as experimental psy-
chology and HCI; the field approach builds upon case-based and action 
research from the social sciences; and the gallery approach builds upon 
the way artists critique and exhibit their work in galleries. There is evidence 
that these fields converge (Koskinen et al., 2008), and, for example, human 
factors have also been labelled a design science (Norros, 2014). The work 
in this thesis relies on the scientific-experimental tradition and involves 
striving to stretch this notion as much as possible towards relevance for 
the real world by exploring users’ meaning in the proposed artefact. Alex-
ander (1971) draws from his experiences in the rather instrumental and 
structured design methods movement and suggests that people should 
design for themselves by an exploration of their human experiences and 
values (in Wikberg Nilsson, 2012). There are also other ways of making re-
search relevant. For example, experimental approaches do not necessarily 
have to seek causality in variables, as has traditionally been done, but can 
instead offer valuable insights for reflection. Thus, the lab approach can 
be seen as a wider approach that has shifted from evaluating single pa-
rameters to a more holistic exploration of phenomena (Scrivener, 2000). 
Binder (2007) has used the lab approach for open-ended experimentation 
that maintains scientific transparency and caters to multiple needs with-
in design research. When a new phenomenon is brought into the lab, a 
scientific and experimental result can both ensure maintained rigour and 
produce an outcome—or a starting point—from which the reflection can 
transcend further.
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Method

Research through design
Research through design (RtD) is used in this thesis as a way of proposing 
a preferred future. There is increased interest in the areas of interaction 
design and HCI in using more design practice. The research approach RtD 
includes methods and processes from design practice for inquiry that can 
be beneficial for interaction design (Zimmerman, et al., 2010). There is no 
general consensus regarding what constitutes good RtD. Moreover, RtD 
does not include a coherent definition and is only loosely constructed from 
Frayling’s (1993) notion of three possible design research paradigms: re-
search about art and design, research for art and design, and research 
through art and design. Even so, the concept of RtD seems to cover a great 
many common values, and there is a broad consensus on the general pro-
cess (Gaver, 2012): first, a user-centered approach is often followed; sec-
ond, a wide exploration of designs is sought after; third, the value of craft is 
appreciated; and fourth, RtD has a synthetic nature, and the act of making 
has the potential to uncover more than simply an analytic approach; de-
signing involves both critically analysing and prototyping possible solutions 
at the same time. 

RtD can integrate and bring ideas together to form a composite view in 
situations with unclear or contradictory goals, a task that lies at the heart 
of designerly activities. The focus on the whole, using a holistic view, is 
strongly emphasised in RtD. Rather than focusing on isolating variables in 
a single relationship, RtD studies multiple phenomena within an object’s 
design space (Zimmerman and Forlizzi, 2008). The need to handle complex 
situations in a designerly approach is acknowledged by, for example, Cross 
(2001), Buxton (2007), and Moggridge (2007). Another view of RtD is that 
it provides theories or explanations within a broader context, something 
Buchanan (2007) calls dialectic strategy. Fällman (2003a) uses the term re-
search-oriented design to describe this way of working. Lévi-Strauss (1966) 
introduces the notion of the designer as a bricoleur, one who enters a di-
alogue with whatever is available in a specific design situation in order to 
redefine the roles of the objects in this situation to make a better design. A 
bricoleur can also deal with multiple views and take on a holistic approach 
(Ihde, 1993). The complex situations that call for RtD approaches are often 
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called wicked problems (Rittel and Webber, 1974), problems with complex 
dependencies that have no predefined solution. In this view, formulating 
the situation is often the same as addressing it.

The outcome of an RtD approach is often a specific artefact. Stolterman 
(2008) claims that design practice deals with the specific, the non-univer-
sal with a specific purpose for a specific situation and for a specific user. 
When all these specific aspects are brought together, design becomes re-
lated to the ultimate particular (Stolterman, 2008). Gaver (2012) argues 
that artefacts can embody the many choices made by the designer. Zim-
merman and Forlizzi (2008) claim that RtD uses prototypes or similar forms 
to increase understanding, frame the problem, and embody a preferred 
future instead of limiting the research to the analysis of present and past. 
This approach is, according to Davidoff, Dey, Lee, and Zimmerman (2007), 
specifically useful in situations involving new technologies that have not 
yet generated conventions or social norms to govern their use among ev-
eryday people. One important distinction between design practice and 
RtD is that RtD can completely disregard the effects of the artefact on the 
market and instead focus on how to understand technology in new ways 
(Zimmerman et al., 2010). Zimmerman and Forlizzi (2008) list a number of 
benefits that stem from RtD:

•	 Wicked problems can more easily be addressed by an on-going 
dialogue regarding a preferred future.

•	 Multiple phenomena are more easily addressed in a single pre-
ferred future.

•	 The outcome artefact can act as a design exemplar for design 
practitioners.

•	 The development of technology can more easily be coupled to 
the improvement of human conditions.

•	 The risk of succeeding with a technical product increases, along 
with the acceptance of this product.

Knowledge and theory production in RtD

In design practice, generally new approaches emerge first, then theory is 
constructed to confirm these new approaches (Zimmerman et al., 2010). 
As mentioned earlier, design is about creating what might be (Simon, 1996) 
or about making the right thing (Zimmerman et al., 2007); thus, RtD is also 
future oriented (Gaver and Martin, 2000; Koskinen et al., 2008; Swann, 
2002; Binder and Redström, 2006). RtD is a designerly and exploratory way 
to produce nascent, emerging theories that suggest relations between 
previously unknown phenomena (Zimmerman et al., 2010). The theory 
produced in an RtD approach comes out of action followed by meaning, in-
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stead of the other way around (Overbeeke and Wensveen, 2003). This fol-
lows the same mind-set as grounded theory (Glaser and Strauss, 2009), in 
which data collection is conducted with an open mind and self-awareness 
and is subsequently analysed in order to develop theory or to categorize 
the results in relation to existing theory. The nature of the theory produced 
in an RtD approach is not that it can be verified, as in more traditional re-
search, but that the theory is provisional, contingent, and aspirational and 
cannot be falsified (Gaver, 2012). 

Zimmerman et al. (2010) claim that among the more tangible outcomes 
of RtD are conceptual frameworks, discussions, and statements regarding 
preferred states, the identification of theoretical gaps, and signs that there 
is a need to invent specific new technologies for the future. Zimmerman 
and Forlizzi (2008) distinguish between philosophical and grounded re-
search through design. The philosophical view focuses on a philosophical 
stance that can come either from previous theory or from the designer’s 
personal observations and reflections regarding a preferred state. The 
grounded view focuses on real-world problems by constructing artefacts 
that frame the problem and emphasize a preferred state, which comes 
from placing the artefact in a real context of use. To conclude, theory con-
struction within RtD can be viewed as a design process of sketching, cri-
tiquing, and developing something into an entity that addresses how all 
the parts form a whole that provides a different meaning (Zimmerman and 
Forlizzi, 2008).

Methods in interaction design 

Fällman (2008) proposes three distinct modes of conducting interaction 
design research: design practice, design studies, and design exploration 
(Figure 2). This model can be used to plan and lay out, for example, PhD 
thesis work. Fällman (2008) argues that most other models of design re-
search acknowledge the first two modes but miss the third, design ex-
ploration. Design practice involves specific synthesis in projects, where 
there is a specific research question at hand, and is, as the name implies, 
skewed towards design as the practice of actually doing design. Design 
studies involves, according to Archer (1981), “systematic enquiry whose 
goal is knowledge of, or in, the embodiment of configuration, composition, 
structure, purpose, value, and meaning in man-made things and systems” 
(p.31).

This type of research aims to describe and understand within a specific 
context rather than to create something new or to impose change (Archer, 
1995; Fällman, 2008). Design exploration involves exploring possibilities 
outside the current paradigm (Ehn, 1988).
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Figure 3. Three modes of interaction design research. Adopted from 
Fällman (2008).

 It also involves problem setting and is used to synthesize and to ask ‘What 
if?’ and to show alternatives for what is possible, desirable, or ideal (Schön, 
1983; 1992). Prototypes are designed, making something tangible from 
sketches and ideas in order to convey knowledge and user experiences 
that would otherwise be impossible to communicate.

Fällman (2008) argues that interaction design distinguishes itself from 
other disciplines by situating the designer within all three of these aspects, 
and that the most interesting results come when the design researcher can 
move between these types and take on different aspects in a controlled 
way. Fällman (2008) gives one example of the extremes of these types and 
the ways they can complement each other. Design practice is concerned 
with what is real, with people’s real lives and whereabouts. Design studies 
deals with what is true, with knowledge derived from controlled processes 
of design. Design exploration tries to show what is possible, an ideal view of 
how things should be. In order to end up with a successful design, all these 
aspects need to be considered. 

In summary, considering both different theoretical views of design and 
the way the current thesis projects have been conducted in parallel serves 
a twofold purpose. First, it positions the current research in the realm of 
design research, and second, it provides the reader with a clear under-
standing of where, and on what grounds, the current research work is sit-
uated. 



 

In its simplest form, a theory can be thought of as a model that de-
scribes the structure, relationships and influences between phenome-
na (Friedman, 2003). This section links the work to relevant theories 
and provides a foundation in order to develop further theories regard-
ing personalizable interfaces. There is no single theory that outlines all 
aspects of personalization and from the body of literature regarding 
personalization, can be found several distinctive components that to-
gether form the construct personalization. Thus, this part comprises an 
assemblage of different aspects that affect personalization. Moreover, 
the topics of User-Centered Design and emotional design are also de-
scribed, as well as theories regarding the application of the researched 
topic – automobile driving. 
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What is Personalization?

Fields where personalization is present
Personalization is a relatively new concept within research, but there has 
been a recent boom in personalization research and implementations 
(Oulasvirta and Blom, 2008). However, the previous research has been 
unsystematic and fragmentary (Karat et al., 2004). Research regarding 
personalization has been done in many different fields such as sociology, 
psychology, computer science, engineering, marketing, and economics 
(Oulasvirta and Blom, 2008). According to Fan and Poole (2006), computer 
science and e-commerce are the two largest areas, but personalization is 
also present within architecture, environmental psychology, information 
science, and social sciences such as sociology, anthropology and commu-
nication (Figure 4). 

The first reports on the subject in the field of HCI are from 1984 as 
reported in Browne, Totterdell and Norman (1990). Reviews of the sub-
ject and development of theory related to HCI and Information Systems 
have been conducted by Blom, Monk and Oulasvirta (Blom 2000; Blom and 
Monk, 2003; Monk and Blom, 2007; Oulasvirta and Blom, 2008), Fan and 
Poole (Fan, 2007; Fan and Poole, 2006) and Van Velsen et al. (Van Velsen, 
Van der Geest, Klaassen and Steehouder, 2008; Van Velsen, Van der Geest 
and Steehouder, 2010; Van Velsen, 2011). Tuzhilin (2009) gives a good re-
view of personalization in commercial purposes. The notion of personaliza-
tion has also received some attention in a special issue of the publication 
Communications of the ACM (Communications of the ACM, 2000), where 
papers on the topic were divided into four areas: the business of personal-
ization, the human element (user experiences in personalization), deeper 
issues, and enabling technologies.
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Definition of personalization
Personalization can indicate a multitude of things. This thesis follows 
Blom’s (2000) definition of personalization: “…as a process that changes 
the functionality, interface, information content, or distinctiveness of a 
system to increase its personal relevance to an individual” (p.313), which 
resides mainly within the human-computer interaction and systems areas. 
Other relevant definitions of personalization are within the HCI field: “Per-
sonalization is a toolbox of technologies and application features used in 
the design of an end-user experience” (Kramer, Noronha and Vergo, 2000, 
p. 44), and within the Information Science field: “…delivering to a group 
of individuals relevant information that is retrieved, transformed, and/or 
deduced from information sources” (Kim, 2002, p. 30). 

Riecken (2000, p.27) defines personalization as “… building customer 
loyalty by building a meaningful one-to-one relationship; by understand-
ing the needs of each individual and helping satisfy a goal that efficiently 
and knowledgeably addresses each individual’s need in a given context”. It 
is important to note that the kind of personalization that relates to this thesis 
does not demand reprogramming or rebuilding, but refers to personaliza-
tion capabilities already built into the system. Within the scope of person-
alization are also the terms individualization, individuation, customization, 
mass customization and tailorability that are more or less related to the 
work in this thesis. 

Figure 4. Fields where personalization is present.
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Individualization is “modification or interaction and presentation of in-
formation to suit individual capabilities and needs of users” (ISO 9241-129, 
p. 2). Even though the principles can be applicable to other areas, the ISO 
standard concerns mainly software for user interfaces.

Individuation puts the focus on achieving a good fit to the individual as 
defined by Hancock et al. (2005) “Individuation is directed to explore ways 
through which each and every single individual can customize his or her 
own tools to optimize the pleasure and efficiency of his or her own person-
al interaction” (p. 12). 

Customization is often used interchangeably with personalization. But the 
meaning of the term can differ somewhat. For example, Fan and Poole 
(2006) view customization specifically as a finite set of options to choose 
from. 

Mass customization is another variant where one product is offered in dif-
ferent variants to different markets or different user types. Mass personal-
ization offers buyers of products the possibility of selecting a combination 
of components, accessories, or colour (Pine, 1993). 

Reconfiguration can be thought of as one form of personalization. Howev-
er, it might also imply only the changing of a configuration that has already 
been configured (ISO 9241-129).

Tailorability is defined as follows: “…that the artefact is capable of being 
adapted to end users’ desires, that the end users themselves can custom-
ise the interactions and affordances of the artefact.” (Westerlund, 2009, 
p.37). 

Adaptation is often described as a system-initiated form of personaliza-
tion, where information regarding the user is either collected implicitly, or 
explicitly chosen by the user, and stored in a user profile and the adapta-
tion is conducted according to this profile (Van Velsen et al., 2010).
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Components of personalization

Dimensions of personalization implementation
According to a review by Fan and Poole (2006), there are three different 
aspects, or dimensions, that need to be considered when designing a per-
sonalizable system: Who does the personalization? To whom should the 
personalization be directed? And what aspects should be personalized? 
There is also another dimension mentioned by several authors: When is 
personalization beneficial and thus an approach to seriously consider? 
(ISO 9241-129; Riecken, 2000; Kobsa, Koenemann and Pohl, 2001).  Mugge, 
Schoormans, and Schifferstein (2009b) classified product personalization 
into seven other dimensions of personalization: mental effort, physical ef-
fort, flexibility, initiation, goal of product personalization, personalization 
moment and deliberateness of personalization. 

To whom to personalize? 

A decision needs to be made whether the personalization should be con-
ducted on an individual level or alternatively directed towards coherent 
categories of people (Fan and Poole, 2006). The latter perspective de-
mands some knowledge about the specific user groups and what differen-
tiates the group. That approach is therefore best suited for system initiated 
adaption. The standard ISO 9241-129 makes a distinction between person-
alization for variations within user groups, between user groups, and for 
users with changing characteristics over time.

Who does the personalization? 

Where the personalization is intended for supporting individual users, 
there are two main approaches within personalization of electronic prod-
ucts or computerized systems with widely different modus operandi. User 
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initiated, user adaptable systems, where the user himself initiates the pro-
cess and system initiated adaptable personalization, where the system de-
cides how it should adapt itself to the user. These have also been called ex-
plicit and implicit personalization respectively (Fan and Poole, 2006). Even 
if they share the same goal of making things better for the user, the way of 
getting there is very different. There are also other terms used, such as per-
sonalization for system driven adaptation and customization for direct user 
control (Nielsen, 1998) or active customization and passive customization 
to reflect the same matter (Hancock et al., 2005). In ISO 9241-129 the 
terms human-initiated and system-initiated modification are used. Many 
personalized systems offer adaptive (able to change itself) as well as adapt-
able (that one can adapt or change) features; however, the user initiated 
explicit personalization of user interfaces in computerized systems is the 
focus of this thesis. 

The system oriented, implicit personalization approach is widely used in 
website personalization or recommender systems. One example is Amazon.
com, where you are recommended other books that might be of interest 
to you based on your previous purchases. According to Benyon and Murray 
(1993), an adaptive system can interact with other systems, which may be 
human users, and automatically change its state or behaviour accordingly. 
Learning algorithms in such systems have the purpose of learning the us-
er’s unique interaction patterns (Hirsch, Basu, and Davisson, 2000).

What to personalize?

The next dimension relates to the different aspects of the system that it 
is possible to personalize. For system output a differentiation should be 
made between content, presentation, navigation, user input and collabo-
ration (Van Velsen et al., 2010).  General content, interface, functionality 
and channel are four similar, but not identical approaches, for personaliza-
tion (Fan and Poole, 2006). 

There is also a key distinction between personalizing functionality and 
appearance (Mugge, Schoormans, and Schifferstein, 2009a). What to rep-
resent and how to represent it are two fundamental aspects for all soft-
ware design for personalization (Pednault, 2000). ISO 9241-129 gives an 
extensive list of aspects to personalize for interaction and presentation 
of information in the interface. For example, media choices and interface 
elements can be considered for personalizing interaction. Attributes of in-
terface elements, visual media, auditory media and tactile media can be 
considered for personalizing presentation of information. 

The different aspects of what is possible to personalize are listed in Ta-
ble1.
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Table 1. Aspects of what to personalize?

When to personalize?
There are a number of occasions where the use of personalization can be 
beneficial. For example, when there are variations of user characteristics; 
when users have different needs and goals; when there are variations in 
the characteristics of tasks; when different equipment is used to retrieve 
the same information or when a user is situated in varying environments 
(ISO 9241-129). Personalization can also be used in recommendations, 
for guidance and orientation or for personal views and spaces (Kobsa et 
al., 2001). Regardless of the task, personalization can also be achieved in 
all user interfaces (Riecken, 2000). In contrast to when personalization is 
suitable, there are, according to ISO 9241-129, some instances where per-
sonalization is inappropriate. Examples are where it is used as a substitute 
for ergonomically designed systems; where performance may decrease or 
human error may occur in critical situations; where procedures are already 
streamlined for a specific purpose; or when there is a risk of accessibility 
or usability issues.
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Personalization strategies

Fan and Poole (2006) used Weber’s ideal type theory (Weber, 1949) to 
capture salient characteristics of different personalization strategies, by 
analyzing typical features of social institutions or behaviour. They iden-
tified four distinct perspectives of personalization that involve different 
strategies: instrumental by a utilization strategy to increase the products 
usefulness; architectural by individualization;  relational by mediation of 
interpersonal relationships and commercial by segmentation (Figure 5). 
Each of these perspectives demand different evaluation methods and 
relate to different motivations for using personalization (Fan and Poole, 
2006). 

Figure 5. Personalization design paradigms. Figure adapted from Fan 
and Poole (2006).
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User needs and motivations

One advantage with using a personalization approach is that it can satis-
fy individual needs (ISO 9241-129). The traditional way of collecting user 
requirements may not be sufficiently efficient when the aim is to achieve 
improvements for the individual user. Thus, it is better to start the process 
by trying to satisfy the general innate needs of the user (Faste, 1987; Pat-
naik and Becker, 1999). There are several theories of psychological user 
needs, but unfortunately there is little consensus about what constitutes 
a so-called need (Sheldon, Elliot, Kim, and Kasser, 2001; Sheldon, 2011).

There are also many debates and disagreements regarding need the-
ory and it is hard to use the concept of needs directly in research (Ou-
lasvirta and Blom, 2008). There are, however, some attempts to define 
what constitutes a need. Norman and Draper (1986) define user needs 
as requirements for features. Deci and Ryan (2000) define needs as “in-
nate psychological nutriments that are essential for ongoing psychological 
growth, integrity, and well-being” (p.229). Sheldon et al. (2001) claim that 

“psychological needs are particular qualities of experience that all people 
require to thrive” (p.325). Sheldon (2011) also offers the more elaborate 
definition: “Psychological needs are evolved tendencies to seek out certain 
basic types of psychosocial experiences and to feel good and thrive when 
those basic experiences are obtained” (p.1). Related to needs is the term 
satisfier, which is defined as a tool that fulfils one or several needs (Max-
Neef, Elizalde, and Hopenhayn, 1992). They are related in that needs are 
seen as universal among humans and satisfiers can be seen as individual-
ized ways that fulfil the needs. 

Self Determination Theory

Self-Determination Theory (SDT) (Deci and Ryan, 1985; 2000) is a partic-
ular need theory been used by Oulasvirta and Blom (2008) to understand 
personalization. SDT is a theory for human motivation and personality and 
innate psychological needs and, according to Sheldon et al. (2011), is the 
best current example of a theory that views needs as experiential require-
ments. One of the strengths of SDT is that it gathers needs, motivations and 
goals under one framework (Oulasvirta and Blom, (2008). Self-determina-
tion is the desire to decide for oneself and make choices in one’s behaviour 
rather than letting environmental or other external forces decide for you. 
Unlike some theories that satisfy a need by replenishing an absence of 
something, SDT considers that humans work actively to satisfy their needs. 
There are three major needs identified in SDT: autonomy, competence and 
relatedness (Deci and Ryan (1985, 2000), which have proven to be valid 
across cultures and contexts (Ryan and Deci, 2008). 
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There are a large number of other proposed needs but a low consensus 
regarding which of these constructs can be considered central or prima-
ry psychological needs. Therefore, Sheldon et al. (2001) tested a set of 
ten proposed needs found in the literature (autonomy, competence, re-
latedness, physical thriving, security, self-esteem, self-actualization, plea-
sure-stimulation, money-luxury and popularity-influence). The conclusion 
was that the three needs posited in SDT (autonomy, competence, related-
ness) together with self-esteem are probably the most salient needs, with 
security as a less salient need. The other proposed needs are not of great 
importance and are placed outside the definition of needs (Sheldon et 
al., 2001). This means that SDT contains the most important parts of what 
could be considered as needs.

Autonomy indicates that there is a need to control one’s own behaviour 
and to avoid being controlled by someone or something else (Deci and 
Ryan, 2000). Competence indicates that there is a need to seek optimal 
challenges, experience mastery, or engage in effectance. Effectance can 
be thought of as: “a feeling of efficacy – in transactions in which behaviour 
has an exploratory, varying, experimental character and produces changes 
in the stimulus field” White (1959, p.329). Finally, relatedness indicates a 
need to seek relations and attachment with others (Deci and Ryan, 2000). 

Motivation

Oulasvirta and Blom (2008) use the notion of motivation to explain the gap 
between needs and the actions people take when they personalize their 
products (Table 2). Personalization features can also support users in align-
ing their motivation with their actions. There can be several different mo-
tivations for using personalization and these motivations can satisfy differ-
ent needs. They identified that control and stabilization motivations satisfy 
the need of autonomy. The motivations interest, mastery, differentiation 
and flow satisfy the need of competence. Appearance related motivations 
such as emotional expression, ego-involvement, identity expression and 
territory marking satisfy the need of relatedness. They have also found that 
the majority of literature regarding motivations for personalization relates 
to the motivations of control and interest.

Blom (2000) identified three other motivations to personalize that are 
mainly utility oriented: to access information; to accomplish work goals 
and to accommodate individual differences. Van Velsen (2011) general-
izes and states that the foremost reason for instrumental personalization 
is to get personally relevant information. According to the framework of 
Fan and Poole (2006), the different views of architectural, relational, in-
strumental and commercial personalization strategies are divided in affec-
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tive and utilitarian views and relate to each other as follows: instrumental 
personalization is mostly utility-oriented and related to functionality and 
content. This is the most utility oriented perspective and thus also relates 
to motivations of efficiency and productivity. Architectural personalization 
is related to interface personalization and aesthetic values and is more 
hedonically oriented. The motivation for using personalization related to 
architectural personalization is to express oneself through the design of 
one’s environment, both by designing something others can see and the 
fact you accomplish it by yourself. The relational view is motivated by so-
cialization and belonging and is related to both purpose and fun. Com-
mercial personalization is utility oriented and related to the content of 
the product. The motivation related to commercial personalization is to 
increase one’s material and psychic well-being. Fan (2007) confirms that 
a good user experience should stem from a good balance between form, 
function and meaning in using the product. 

Table 2.Motivations to use personalization.

One other important distinction is the difference between utility oriented 
perspectives and hedonically or affective oriented perspectives. This dis-
tinction between utility and hedonic perspectives is present within frame-
works such as Forlizzi (2008) and also Jordan (2000) and Hassenzahl (2004) 
who define the views as pragmatic qualities and hedonic qualities. Both of 
these aspects are shown to matter when humans make a choice (Tractin-
sky et al., 2011). A similar view is shared by Blom and Monk (2003) who 
suggest that personalization can affect users cognitively, emotionally, but 
also socially. Another related aspect is the distinction between extrinsic 
motivation, where something outside of the user mandates what to be 
done and intrinsic motivation, where an action is taken for its own sake. 
According to Oulasvirta and Blom (2008), personalization  features nurture 
the users’ intrinsic motivation. They also state that satisfying the need of 
autonomy is required for intrinsic motivation and that satisfying the need 
of competence contributes to intrinsic motivation. 
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User-Centered Design 

Because of the strong focus on the individual, and his or her needs, when 
taking a personalization approach it is appropriate to situate the work 
within a user-centered approach. In this section, there is a description of 
the theoretical base on which the utility based and Human Factors/Er-
gonomics situated personalization stands; namely User-Centered Design 
(UCD). The focus of UCD is to make products usable, with good usability, 
and suited for the users that should use them. The amount and complexity 
of in-vehicle systems, or any system with human input, of today require 
them to be usable, intuitive, self-explanatory and to avoid interfering with 
other tasks. 

The design of these systems must therefore be made within a user-cen-
tered design perspective, where users are both in the focus of the design 
process and involved in its different stages. It is the needs, desires, expec-
tations, requirements and behaviour of the users that primarily need to 
be considered. According to Shneiderman and Plaisant (2005), all design 
should start with the goal of understanding the intended users and their 
attitudes towards the technology in question. There is also a need to un-
derstand how the user might use the system in the future. If a system is 
designed according to user-centered design, the system becomes easier to 
understand and use, the user becomes more satisfied, less stressed, more 
productive and, finally, the system might have a higher appeal to the users 
(Cherri, Nodari, and Toffetti, 2004). 

The first authors that introduced user-centered design were Gould and 
Lewis (1985), Norman (1990) and Norman and Draper (1986). Even if there 
is an ISO standard that describes Human-centered design for interactive 
systems (ISO 9241-210), there are still many different ways of interpreting 
the term UCD and no agreed upon definition of UCD (Karat, 1997). One of 
the most accepted views stems from the work of Gould and Lewis (1985) 
and is further elaborated in Gould (1988), where he proposes four general 
principles of UCD:
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•	 Early focus on users. Have direct contact with users to under-
stand their characteristics and the characteristics of their tasks.

•	 Integrated design. All aspects of the system should be designed 
in accordance with each other under one management. 

•	 Early and continual user testing. Empirical data is needed to mo-
tivate design changes.

•	 Iterative design. Modify the design according to the user testing.

There is also a similar approach called Human-Centered Design (HCD). In 
many cases the terms HCD and UCD are used interchangeably, although 
sometimes HCD sets out to be a wider, more elaborated version of UCD. 
According to Gasson (2003), UCD is too focused on goal-oriented solutions 
of predetermined technological problems instead of considering the inter-
ests of the human. Another, very similar, and widely accepted view on UCD 
is found in ISO 9241-210, in which the components of human-centered 
design are described as:

•	 Active involvement of users 
•	 Understanding of user tasks and environments
•	 Evaluation of design
•	 Iterative design process
•	 Consideration of the whole user experience
•	 Multi-disciplinary design teams

The ISO standard also describes four main activities in UCD (Figure 6):

•	 Understand and specify the context of use
•	 Specify the user requirements
•	 Produce design solutions
•	 Evaluate the design

Van Velsen et al. (2010) claim that the traditional UCD process differs 
somewhat from the UCD process for personalized systems. In the former 
approach the needs, preferences and contexts of groups are considered. 
In the latter, designers of personalized systems have to design a usable 
and useful system for each individual user. Related to this distinction, Han-
cock et al. (2005) raise some concerns regarding the human focus in HCD, 
since the individual person is seldom in focus but rather the understanding 
of general human cognitive and sensory capacities. Norman (2005) also 
raises some concern that HCD has been too easily and widely accepted 
without any criticism. Many designs that claim to be user-centered are still 
complex and confusing. This may be so because they inherited functions 
that various users requested or demanded. Nevertheless, UCD can still be 
beneficial for the design of personalizable systems (Kramer et al., 2000).
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Usability
Usability is a term closely related to UCD. Usability is of importance when 
a user and a system have some form of interaction, and superior usability 
is often sought for when a system is designed. Usability can be defined as 

“The extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in a specified 
context of use.” (ISO 9241-11, p.2). Another definition is where usability is 
the outcome of a user’s actual performance with a product combined with 
the user’s image and impression of the product (Han, Yun, Kim and Kwahk, 
2000). Nielsen’s (1993) Usability Engineering approach is one of the most 
well known approaches within UCD. It can be explained as a process that 
starts by studying the users and their needs, setting up measurable usabil-
ity goals and finally iterates design and testing until the usability goals are 
met (Rexfeldt, 2008). 

Nielsen (1993) proposed five key aspects of good usability: learnability 
– the product should be easy to learn to use for a novice, efficiency – the 
tasks conducted with the product should be efficient, memorability – key 
aspects of the product should be easy to remember until next time the 
product is used, errors – there should be few errors and if they occur they 
should be easy to recover from, and finally satisfaction - it should be pleas-
ing to use the system.

Figure 6. Activities within user-centered design. Figure adapted from 
ISO 9241-210 (2010).
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Emotional design

According to, for example Jordan (2000), Hassenzahl (2004) and Forlizzi 
(2008), there is more to a product than its instrumental part, and that 
includes how easy it is to use and if it actually does the thing for which 
it is designed. Even though the field of UCD has been transformed from 
efficient and easy-to-use products towards more focus on experienced 
qualities such as pleasure (Rexfeldt, 2008), it is still transforming and some 
special attention is demanded for user experience and the emotional side 
of the product-user relationship. Satisfaction is one of the three aspects 
of usability (ISO 9241-11), but has often received the least attention (Han-
cock, et al., 2005). 

In spite of the development in this emotional design field, there are still 
limitations regarding how this aspect has been used. For example, there 
is no common wording or definition for the more emotional side of hu-
man-product relations. Even if great similarities exist, there are several 
frameworks that describe this relation (Figure 7), such as Emotional design 
where people process information on three levels: visceral, behavioural 
and reflective (Norman, 2004), Hedonomics, affective human factors de-
sign (Helander, 2002), Pleasurable design with the four pleasures: Physio-, 
Socio-, Ideo-, and Psycho pleasure (Jordan, 2000), Empathic design (Leon-
ard and Rayport, 1997), Product experience that exists on three levels: 
aesthetic-, meaning-, and emotional experience (Desmet and Hekkert, 
2007) and User experience divided in pragmatic and hedonic attributes 
(Hassenzahl, 2004). Other frameworks put emphasis on several aspects 
such as Forlizzi’s (2008) Product Ecology framework, which contains social, 
functional, emotional, aesthetic and symbolic factors even though techni-
cally this framework is product-centered instead of human-centered. Pio-
neering works within this area can be found in Segal and Fulton Suri (1997), 
Black (1998), and Dandavate, Sanders, and Stuart (1996) where they start-
ed to build the groundwork for empathic methodologies and emphasized 
the role of emotions in experience. Another pioneering work within this 
area is Funology edited by Blythe, Overbeeke, Monk and Wright (2003). 
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The view on where pleasure comes from differentiates the emotional view 
from traditional human factor design. Fan (2007) discusses that there are 
two different philosophies regarding happiness in Greek philosophy: Pla-
to’s view is that happiness comes when you remove pain. Aristotle’s view 
is that happiness comes from stimulation of the senses. These two views 
can be translated to the use of technical artefacts: the removal of usability 
issues can produce satisfaction. And satisfaction can also come if the tech-
nology at hand can promotes positive aspects and provides delight and 
enhancement. Jordan (2000) argues that satisfaction is mostly used in a 
manner that is limited to avoiding physical and cognitive discomfort. Hel-
ander, Khalid and Tham (2001) encourage the human factors/ergonomics 
perspective to look beyond issues of pain and injury and to focus on plea-
surable characteristics of interaction instead of preventing pain. Human 
factors/ergonomics often try to prevent events that rarely happen instead 
of showing the positive value of events that actually occur (Hancock et al. 
2005). These positive factors can, for example, include more organized, 
creative and flexible decisions and problem solving (Isen, 2001). 

The focus on maximizing the positive effects of product interaction 
within the area of affective human factors design is in parallel with the in-
creased growth of positive psychology where emotion and positive affect 
are important parts of human functioning (Seligman and Csikszentmihalyi, 
2000). There are also other aspects of emotion that affect human func-
tioning, for example within the area of affective design, where cognition 
and emotion exist along a continuum of stages (Aboulafia and Bannon, 

Figure 7. Frameworks within emotional design.
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2004). Even though it is hard to find empirical evidence, it is argued that 
emotional responses often come before cognitive responses when people 
are exposed to an object (Lindgaard and Dudek, 2003). 

Aesthetics
Aesthetics is another emotionally laden area that influences the use of 
products. Norman (2004) summarizes the research field with the phrase 

“Attractive things do work better” (p.60). Tractinsky and Zmiri (2006) claim 
that aesthetics are important for HCI and for human behaviour in general 
but especially for personalized objects. Aesthetics can also affect other 
aspects of an object and attitudes towards the object by inducing affec-
tive emotions (Norman, 2004; Rafaeli and Vilnai-Yavetz, 2004). There are 
a number of studies that show that attractiveness has a positive effect on 
perceived usability (Ben-Bassat, Meyer, and Tractinsky 2006; Sauer and 
Sonderegger, 2009) and also on user performance (Sonderegger and Sauer 
(2010).  There is also a direct link from aesthetics to emotion due to the 
object’s impression on the senses (Lindgaard and Dudek, 2003). Aesthetics 
are even claimed to be less about artistically oriented design and more 
about its ability to express and communicate a meaningful experience. 
Thus, aesthetics have the possibility to form a base from where an object 
can be evaluated as a whole instead of by separate aspects (Ullmark, 2011).

Product attachment  
One type of emotional relationship is product attachment, which has a 
close bond to personalization of products. According to Mugge, Schiffer-
stein, and Schoormans (2006) product attachment is defined as an emo-
tional bond the consumer experiences with a product. This bond consists 
of four parts: self-expression, group affiliation, memories and pleasure. By 
personalizing a product to something unique, the user can get meaningful 
and emotional associations, a sense of accomplishment, and a way to ex-
press one’s own identity (Niinimäki and Koskinen, 2011). These aspects will 
also lead to a prolonged product use. Mugge et al. (2009a) conclude that 
personalization is an individual’s investment in a product, and as a result, 
the product is invested with qualities that are personal to the user and the 
product becomes an expression of the user’s tastes, values and identity. 
They claim that this personal meaning, which goes beyond the functional-
ity of the product, is central to product attachment. 
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At the same time, attachment can grow towards products that convey a 
special meaning to us (Wallendorf and Arnould, 1988). People also expe-
rience more positive emotions towards products that they are attached 
to (Schultz, Kleine, and Kernan, 1989). Mugge (2008) has specifically in-
vestigated the relation between satisfaction and product attachment. 
They claim that product attachment and satisfaction are two distinct phe-
nomena, which are affected by both the product’s utility and appearance 
qualities. Satisfaction comes from the product’s performance regarding 
both cognitive and affective evaluations and product attachment is a solely 
emotionally laden construct that stems from the special meaning the user 
gives the product (Schifferstein, Mugge, and Hekkert, 2004; Wallendorf 
and Arnould, 1988).

User experience
There is a term called user experience (UX) that has gotten increased atten-
tion and user experience divisions have been initiated in various compa-
nies and universities (Shedroff, 2001; Forlizzi and Ford, 2000). User expe-
rience focuses on how people experience their relations with products or 
services in a way that look beyond traditional usability and deals with peo-
ple’s experiences, expectations and beliefs (Desmet and Hekkert, 2007). 
The focus is also less on the designed product and more on what the user 
experiences by interacting with this product (Warell, 2008). According to 
Koskinen, Zimmerman, Binder, Redström and Wensveen (2011) the no-
tion of user experience inherits some credibility, depth and openness from 
pragmatism (Dewey, 1916), but can also be grounded in symbolic interac-
tionism (Battarbee, 2004), ecological psychology (Djajadiningrat, 1998), or 
emotional psychology (Desmet, 2002).

The ISO definition of user experience is: “a person’s perceptions and 
responses that result from the use or anticipated use of a product, system 
or service” (ISO 9241-210). This definition includes influences both from 
the user side, such as emotions, preferences and perceptions, as well as 
influences from the product side, such as functionality, performance and 
presentation. The definition includes experiences not only during product 
use, but also before and after (ISO 9241-210). According to Mahlke (2008), 
user experience consists of both instrumental qualities, such as usabili-
ty and safety and non-instrumental, or hedonic, aspects more related to 
emotions. Hassenzahl and Tractinsky (2006) define user experience as a 
complex, subjective and dynamic matter depending on the user’s needs, 
expectations, motivations or mood, as well as the characteristics of the 
designed product, such as purpose, usability and functionality, as well also 
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the context where the interaction takes place, such as social setting or 
meaningfulness of the activity. 

Hassenzahl and Tractinsky (2006) have also identified three major top-
ics of user experience that are found in the literature: human needs be-
yond the instrumental, affective and emotional aspects of interaction and 
the nature of experience. Hassenzahl (2003) specifically argues that HCI 
must deal with several factors such as pragmatic aspects, hedonic aspects, 
as well as self-expression and relation aspects within interactive products. 
Karapanos (2010) agrees with the factors that constitute user experience: 
individual differences of users, type of product used, the use of the product 
in a specific context, and how the experience change over time. Forlizzi 
and Ford (2000), claim that the user experience depends more on the user 
than the product at hand. This means that a designer cannot always design 
a predicted experience and should instead focus on designing situations 
that the user can interact with. Höök (2000) proposes that the design of 
user interfaces must create a delightful experience for the users as well as 
reduce frustrations, improve user’s learning and create a more multidi-
mensional view of usability. Other views of user experience can be found 
in Fällman (2003b), Forlizzi and Battarbee (2004) and Mahlke (2008). 

Experience prototyping

In order to study user experience, Buchenau and Fulton Suri (2000) discuss 
the use of experience prototyping and emphatic design. They state that 
experience prototyping is an integrated part of the design process, that 
lets users actively engage in representations of a future preferred state. An 
experience prototype can be any means that focuses on an active partici-
pation in order to form subjective integrated experiences of what it would 
be like to use the final product. Experience prototyping is useful in three 
key activities central in design: understanding user experiences, exploring 
and evaluating designs, and communicating design ideas to an external 
audience. The experience prototyping technique can include prototypes 
of any kind of fidelity. However, when the aim is to gather experiences from 
real users, low fidelity prototypes might not provide a sufficiently realistic 
view. This calls for the use of high-fidelity prototypes with a realistic ap-
pearance, even though this view might result in the users forgetting that 
they interact with a prototype and consider any flaws or imperfections as 
features of the final product. The experience of an artefact does not exist 
solely on its own, but rather in relation to other people, other objects and 
to different contexts.
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Maintaining positive effects and 
reducing negative effects

There are numerous positive effects and evidence of an increased user 
experience with the use of personalizable systems reported in the liter-
ature. Personalization can contribute to, for example: a better fit to indi-
vidual preferences (Blom and Monk, 2003; Van Velsen, 2011); a reduc-
tion of unnecessary information (Van Velsen et al., 2008); an emotional 
bond between user and product (Mugge et al., 2009); a reduction in errors 
(Burkolter, Weyers, Kluge, and Luther. 2014); more creative users (Reeve, 
2001); a reflection of personal identity (Blom and Monk, 2003), and the 
foundation for a seamless interaction (Hancock et al., 2005). Personaliza-
tion can also be used to match the skill levels of users in order to increase 
productivity (Trumbly, Arnett, and Johnson, 1994) and to satisfy the need 
of autonomy by increasing choice in order to stimulate emotional response 
(Tafordi, Mehranvar, Panton, and Milne, 2002). A more comprehensive list 
can be found in Appendix 1.

Even though personalization features have the possibility to render nu-
merous positive effects they may also violate traditional usability princi-
ples, due to the very nature of these features (Gena and Weibelzahl, 2007). 
In order to maintain the positive effects and reduce the negative ones a 
number of design aspects need to be considered. First of all comprehen-
sibility or the extent to which users understand how the system works is 
important (Jameson, 2007), partly because novices do not understand the 
concept of personalization and often have no knowledge that it is possible 
to personalize (Manber, Patel, and Robinson, 2000). This is in line with 
detectability and accessibility, meaning that the system needs to support 
visible configuration or reconfiguration options and the possibility to acti-
vate or deactivate these (ISO 9241-129). Information on the options avail-
able for personalization need to be visible, as well as the changes that are 
actually permitted, and the options that explicitly need to be configured 
(ISO 9241-129). 

Another aspect is predictability, the extent to which users can predict 
the outcome of their actions (Manber et al., 2000; Jameson, 2007). Con-
trollability, the extent the user can control the system towards their goal 
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is important (Jameson, 2007; ISO 9241-129) and in line with this also the 
breadth of experience, which means that the user should not feel that he 
or she misses out on something that would otherwise be available (James-
on, 2007). In order to not interfere with other tasks, unobtrusiveness, the 
extent the users can focus on their original goal instead of the personal-
ization features, needs to be considered (Jameson, 2007; ISO 9241-129). 

Maintaining consistency with other aspects in the interface, in context 
or with other user interface conventions, also needs to be considered (ISO 
9241-129). In order to ensure a usable system, the need to personalize 
the system as well as the effort of personalizing should be minimized (ISO 
9241-129). However, if the need to personalize the system is small, it may 
be possible that the users accept what is given to them in the default set-
ting and never personalize. This could, according to Manber et al. (2000), 
be due to different reasons: the default mode is good enough so there is 
no need for personalization, the personalization tools are too difficult to 
use, people don’t need the benefits that personalization brings or people 
are afraid to make changes if they suspect they cannot revert to the orig-
inal state. This last issue can be overcome by offering reversible options, 
fail-safe procedures, guidance on how to personalize and to correct er-
rors if they do occur, good feedback and information of eventual risks of 
personalization and finally available default settings that can be reverted 
back to (ISO 9241-129). The issue of privacy can also be considered. Since 
many systems generate a user-model, the user must not feel that personal 
information will be used inappropriately (Jameson, 2007).
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Design complexity in 
personalization

In order to maintain the positive effects and reduce the negative effects of 
personalization the designer has to manage some design complexity. There 
has been an increase in design complexity within interaction design, which 
is evident in, for example Löwgren and Stolterman (2004), Norman (2004), 
Krippendorff (2006), and Stolterman (2008). The design complexity is the 
infinite sources of information that can inform a design process, change 
technological possibilities, contextual factors, and societal conditions. This 
means that there are nearly unlimited factors that a designer needs to 
consider. According to Stolterman (2008) most approaches aim to reduce 
complexity, but it is evident that this approach is hard to accomplish due 
to the lack of easy-to-achieve simple solutions. However, complexity does 
not always need to be reduced. Norman (2011) argues that complexity is 
a part of the world, whereas confusion is a state of mind. The focus should 
therefore be on making things less confusing, not necessarily less com-
plex. Something perceived as messy and confusing for one person can be 
logical and in order for someone else. Nevertheless, the complexity has 
to be managed in some way. People strive for control of the artificial and 
away from the natural (Buchanan, 2001) and towards creating desirable 
artificial environments with reduced complexity (Janlert and Stolterman, 
1997; Norman, 2004; Stolterman, 2008). 

However, complexity is within the same realm as richness, which is a 
sought after quality that can bring positive experiences of challenge, en-
tertainment, fullness, aesthetics, as well as developing people’s abilities 
and ambitions (Csikszentmihalyi, 1990; Nelson and Stolterman, 2003). A 
too simplified environment is easy to deal with but lacks the richness that is 
necessary for an enjoyable experience (Stolterman, 2008). Norman (2011) 
acknowledges this paradox where we need complexity but crave simplic-
ity and states that many products are simple but miss the point, since the 
rich satisfying lives sought by people inherently involves complexity and 
experts on certain products will want more complexity out of it.
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The user as designer in a 
complex environment

There are several ways of adapting a product to the user, such as mass cus-
tomization, personalization or by user-centered design, where the design-
er and users have different roles in each of these modes (Figure 8). Wheth-
er the power to control the driver environment should be transferred, at 
least partially, from the engineers and designers to the user of a complex 
environment, such as the automobile, depends on whether these aspects 
can really be considered as complex. Norman (2011) argues that the com-
plexity depends on both the situation and whether the driver has a good 
conceptual model of how things work. Most people manage quite well 
with the driving task due to a functioning conceptual model, even though 
the technology in use is often totally inaccessible to the driver (Norman, 
2011). Moreover, he claims that automobiles are excellent examples of the 
relation between the designers and the users, where designers have the 
skill to simplify the driving task by transforming complex situations into 
simple ones. 

However, designers are moving closer to the users of their designs 
(Sanders and Stappers, 2008) and technical artefacts are more and more 
representing the actions of the user instead of the designer’s intention due 
to increased interactivity (Redström, 2008). Thus, it can be difficult for the 
designer to prescribe a certain use for a product because users often have 
their own ideas how things should be. It can also be hard to distinguish the 
inputs of the designer from those of the user. 

Because computers are all around us in our everyday life the recent 
broader, more personal and individual version of HCI is less suitable for 
designer control (Sengers and Gaver, 2006). They also suggest that design 
should focus on supporting the meaning-making between designer, sys-
tem, user, and community. The role of the user seen from the designer’s 
side may also be skewed and it is possible that the users will not behave 
as the designer had foreseen (Akrich, 1992). A way of increasing the fit 
between user model and the real world is to actually let the user construct 
the artefacts to be used. Wakkary and Maestri (2008) point to the need of 
reconstructing the user as an everyday designer, because the adaptation 
of artefacts and environments are key actions in everyday design. 
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Figure 8. The role of the designer in different modes of product-user 
adaptation. Figure adapted from Weightman and McDonagh (2003).

They propose a radical change in how the user should be perceived. If the 
user is perceived as an everyday designer the use of an artefact does not 
have to be described in detail in advance. The focus is not on what the 
designed technology does for specific users, but rather what specific us-
ers can do with the technology. “The “user” is reconstructed as a creator 
of actions who precedes an identity rather than a user with an identity 
that prescribes actions” Wakkary and Maestri (2008, p.490). Weightman 
and McDonagh (2003) agree with the need to consider the individual and 
argue that designers cannot always predict how a product will be used 
because the user can always make adaptations to make the product bet-
ter, or to match the user’s needs directly. They argue that the possibilities 
offered by new technology, and new production techniques, can facilitate 
individual design. This implies that design is too important to be facilitat-
ed only by trained designers and that the power of controlling the final 
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design shifts towards the user with a shared ownership of the design pro-
cess. They argue that designers could move towards being a facilitator that 
provides the tools that users need in order to realise their needs, in a way 
where the individual user does not necessarily have to possess the skills of 
a craftsperson or designer. Thus, the designer, in line with Jones’s (1984) 
notion of continuous design and redesign, can shift the focus of the design 
process towards the user’s actual use of a product without fixed form in 
a creative dialogue with the user (Redström, 2008). This is closely related 
to co-design, where designers and users combine their creativity in the 
design process (Sanders and Stappers, 2008). 

Product personalization also contains elements of co-design, although 
in a form where the absence of direct dialogue between user and designer 
requires the designer to design possibilities for the user to engage in the 
design (Mugge et al., 2009b). Mugge et al. (2009b) claim that personaliza-
tion has an advantage over participatory design approaches by including 
the actual users in the design, instead of a sub-set that represent them but 
are not identical to them.

The notion of the user as designer is, however, not new as is exemplified 
by Simon’s (1996) “Everyone designs who devises courses of action aimed 
at changing existing situations into preferred ones” (p. 111). According 
to Nelson and Stolterman (2003), there is a drive that goes beyond mere 
survival within humans to continuously improve and develop the world 
into ‘our world’. User’s unanticipated input and changing of designed arte-
facts can also be seen as design opportunities to explore (Redström, 2008). 
People have been redesigning designs all along and Dewey (1980) reports 
artistic engagement in various everyday activities. 

Louridas (1999) states that a bricoleur (someone who uses materials 
at hand to solve a particular problem) uses what is available for everyday 
design, thereby establishing new connections and new uses. When the 
user decides upon the final design, the designer must be aware of the 
fact that their designs may not look as intended. However, this approach 
frees the designer from having to consider individual user needs (Hanson, 
2004). According to Ullmark (2011), no situation is like the other and the 
power of design is to make adaptations to the specific. Thus, the design 
process should proceed in parallel with the use of the designed matter in 
a way where users can have a direct influence on their experiences and 
values. The designer’s role is therefore changing from only considering 
the artefact to preparing the users for an on-going redesign of the artefact. 
Thus, more people with different backgrounds and understandings of the 
situation can be involved in the design process (Krippendorff, 2006).
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Evaluation of personalizable 
systems

According to user-centered design there is a need to evaluate the design at 
hand in order to ensure that it suits the user and that all complex aspects 
are studied. Van Velsen et al. (2008) have made a review of the most com-
monly assessed aspects within personalizable systems (Table 3). 

Table 3. The most commonly assessed variables within personalization.

A number of usability methods can be deployed to meet these commonly 
measured variables and to get a broad understanding of the system, its 
possible usability issues, the users’ attitudes towards it and its actual use. 
Van Velsen et al. (2008) suggest some methods that are effective in each 
case. They suggest that thinking aloud gives information on user behaviour 
and usability issues in the system; questionnaires are suitable for bench-
marking and general assessments of the system; interviews can be used 
to study the participants’ willingness to use the system and specific usabil-
ity issues. Data logging, such as driving simulator metrics, can be used to 
study how the user behaves with the system, but should always be used 
together with qualitative methods in order to find out the reasons for that 
behaviour. 
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Driving and traffic 

Driving an automobile is a common daily activity for millions of people. 
This activity can be considered as being complex because it involves sev-
eral tasks that require different but linked skills that rely on visual, motor 
and cognitive systems (Graydon et al., 2004). In order to design in-vehicle 
systems, there has to be a good understanding of how the user functions 
and what human capabilities and limitations there are that need to be con-
sidered. Automobile driving is also far from an isolated occurrence since 
it takes place in traffic. This is shown by Tretten (2011) where he makes 
a comparison between driving and Vicente’s (1999) notion of a complex 
sociotechnical system. He claims that these both include large problem ar-
eas; social, heterogeneous perspectives; distributed, dynamic, potentially 
high-risk hazards; many coupled subsystems; automated, uncertain data; 
mediated interaction via computers, and finally disturbances. 

According to, for example, Olson, Hanowski, Hickman, and Bocanegra 
(2009) the car driver is ultimately responsible of the vehicle behaviour and 
is responsible for a vast majority of all traffic accidents. Michon (1985), 
Groeger (2000), and Lee (2008) all state that drivers’ behaviour is difficult 
to understand and predict and cannot be completely generalized due to 
the complexity of the task. However, there are some attempts, for example 
Hatakka, Keskinen, Gregersen, Glad, and Hernetkoski’s (2002) GDE frame-
work. This framework builds upon Michon’s (1985) driving model of dif-
ferent levels of control: operational (handling the controls of the vehicle), 
tactical (manoeuvring the vehicle in traffic contexts with other road users) 
and strategic (route planning). Hatakka et al. (2002) add an even higher lev-
el: goals for life and skills for living, which means that life goals and personal 
tendencies affect the driving behaviour manoeuvring  (Figure 9). 
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Figure 9. Goals in driving. Figure adapted from Hatakka et al. (2002).

Changes in the top levels of the GDE framework affect the lower levels. For 
example, if the driver decides to cancel a trip, he or she will no longer need 
to plan the route, adapt to other drivers, or even use the vehicle controls. 
Davidsson (2009) claims that the driver needs support on all levels in order 
to experience a safe, environmentally friendly, efficient, and enjoyable ride. 
There is also evidence that the driver will not change her or his behaviour 
without modifying his or her goals (Hatakka et. al., 2002) and that drivers 
change behaviour more easily, if they get to see the conse,quences of their 
actions (Falk, 2008). Despite the different models of driving, there is a lack 
of research that deals with the more positive emotional aspects of user 
experience in the automotive context. However, Grimm et al. (2007) claim 
that emotional aspects can have safety implications, and there are studies 
that show that unhappy drivers are involved in more accidents (Mesken, 
Hagenzieker, Rothengatter and de Waard, 2007; Malta, Miyajima, Kitaoka 
and Takeda, 2011).



60The user as interface designer 

Information processing for driving

A driver’s performance is based upon his or her information processing 
(Figure 10). The driver must interact with the automobile, attend to in-
formation from both the vehicle and the traffic environment, process the 
information to make it usable, carry out suitable actions, according to this 
information, and process feedback from the effects of that action (Wickens 
and Carswell, 2005). However, a person’s information processing does not 
necessarily have to follow sequential steps; it has been proven that experts 
in a task can take shortcuts and jump between steps for a more efficient 
solving of the task (Rasmussen, 1974; 1976). The steps in the information 
processing model are explained as follows.

•	 Sensory processing - Information from the outside world must 
gain access to the human brain and consciousness, either 
through visual, auditory, or tactile receptors. If these receptors 
are impaired by, for example, looking away towards something 
else the information might not get through. 

•	 Perception - The information from the sensory receptors must 
be interpreted and given meaning in the perception stage. 
These perceptions can be different depending on whether they 
are inferred by lower channels of neural information, which can 
be the case in unfamiliar circumstances, or by past experience, 
which can be the case when something is highly expected. 

•	 Response selection - This stage is driven by conscious activities 
and requires some mental effort or attention to transform and 
compare the perceived information with previous knowledge 
stored in the memory. A suitable action or response can then 
be chosen. 

•	 Response execution – This stage implies execution of the action 
chosen in the previous stage. 

•	 Feedback - The feedback loop is required for the driver to know if 
the right action was taken, or if another action needs to be taken 
as a consequence of the previous action. 

•	 Attentional resources – This is an essential component of this 
model and concerns three stages that are, for the most part, not 
automated. Selective attention can influence which information 
is attended to, and passed on, to the next stage. Past experience 
can influence the response selection, and be a cause of errors if 
the environment and events are not carefully attended to, and 
some events may never get to the perception stage if the visual 
channel, that is important for driving, is impaired.
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Figure 10. A model of human information processing (Adapted from 
Wickens and Carswell, 2005).

Aspects that support information processing

Driving makes intense demands on the driver’s visual perception (Dewar, 
Olson, and Alexander, 2007) and the driver is mainly guided by vision for 
accomplishing safe driving (Recarte and Nunes, 2000; Wierwille, 1993). For 
example, the driver’s ambient vision supports lane keeping, and the focal 
vision is used for detecting critical events on, or along, the road (Wickens, 
2002). Paying attention to something other than the road is a major factor 
that can cause danger on the roads. Where information is acquired from 
an information source located close to the road view, the driving perfor-
mance is less degraded than for a distant source (Horrey, Wickens and Con-
salus, 2005; Wittmann et al., 2006; Tretten, Normark, and Gärling, 2009b; 
Normark et al., 2009). The detection of things is also easiest near the line 
of sight and decreases significantly for larger eccentricities, especially ver-
tical (Summala, Lamble and Laakso, 1998). There are some difficulties in 
how to design in-vehicle information that fits all users. Since, for example, 
warnings are not regularly sought by people the warnings must, in some 
way, stand out from other information and call upon the user’s attention in 
order to provide the required safety effect (Laughery, 2006). 

People also want to separate and organize warnings based upon their 
level of perceived importance (Tretten et al., 2009b) and not all people 
consult the same displays where there is a choice when monitoring infor-
mation (Normark et al., 2009).



This part describes how the research through design process has been 
used. This part also gives a summary of the appended papers and de-
scription of how the included research methods have been used in the 
appended papers.
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How a research through design 
process is used in this thesis

In this thesis, the field of user-centered design and the design of personal-
izable systems are brought together in a research through design approach 
(RtD). Both philosophical and grounded research through design (Zimmer-
man and Forlizzi, 2008) are used. The philosophical view on RtD relates 
to a strong belief that the user can benefit from acting as his or her own 
designer and making use of specialized and personal tools. 

The work in this thesis is also influenced by a grounded view of RtD, 
where a proposed preferred state is presented. This view stems from the 
real world with problems of functional growth in automobiles, the need 
and desire to acquire more gadgets and constantly make the most of one’s 
time, at the same time as maintaining a safe car ride. 

The preferred state is projected by experience prototypes which, ac-
cording to Buchenau and Fulton Suri’s (2000) definition, is any kind of me-
dium the purpose of which is to understand, explore and communicate the 
actual use of the designed product. In this thesis, prototypes with different 
fidelities are used, from scenarios to working realistic prototypes. In line 
with Buchenau and Fulton Suri (2000), these multiple prototypes are used 
in conjunction with, for example, user testing, contextual observation and 
participatory design in order to produce a holistic view. By using a research 
through design approach the user experience can also be studied. Accord-
ing to Hassenzahl (2010), user experience is focused on ‘be-goals’ (goals 
that define an expectation), such as feeling competent or being secure, 
that can fulfil psychological needs and these goals can be triggered by in-
teraction with a designed product or prototype.

There are many applicable variants of design processes. To frame the 
work in this thesis, three similar processes regarding design of vehicle user 
interfaces, design of personalizable systems and a typical research through 
design process are considered equivalent and their composite is used as 
a base for the work (Figure 11). For the design of vehicle user interfaces,  
Marcus (2004) suggests an iterative user-centered development process 
including: determination of user profiles, determination of goals, definition 
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of scenarios, prototypes designed early in the process, and evaluation of 
alternatives. 

Zimmerman and Forlizzi (2008) propose some commonly deployed 
phases of the RtD process: define – select focus, discover – collect data, 
synthesize – create a model identifying and extract all factors within the 
problem and define opportunities, generate – sketch, prototype, and cri-
tique, refine – frame, make form and describe behaviour and finally reflect 
upon the process. Kramer et al. (2000) give an example of a user-centered 
design process for personalizable systems with the following steps: deter-
mining the target user segment, task analysis to learn the motivations for 
the user’s actions, exploration of the blue sky to produce a desired future, 
understanding the user’s object model and the meaning the user sees in 
the object, combine the different facets of the user, such as, goals, tasks, 
flows, mental models into an end-to-end analysis of the possible user ex-
perience. 

Figure 11. Relevant design processes and how the appended papers fit in.

The papers in this thesis contribute to the research through design process 
on different levels and loops through Fällman’s (2008) different modes of 
interaction design research: design practice, design studies, and design 
exploration (Figure 12). 
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Figure 12. Moving between different aspects of interaction design. 
Figure adopted from Fällman (2008).

 
Table 4. Info on the appended papers.
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•	 Paper I deals with the criteria and constraints for automobile 
visual information and interaction in order to adopt a true and 
real approach related to design studies. 

•	 Paper II takes a design exploration role and deals with the discov-
ery and exploration of users’ goals and motivations for action by 
digging deep into their inherent needs. Paper II also takes part in 
suggesting desired futures and scenarios and digging into peo-
ple’s meaning in respect of objects by using sketch-prototype 
like descriptions and scenarios. 

•	 Paper III explores a possible connection between the user’s at-
tachment to a product and its actual use in a scientific design 
studies approach. 

•	 Paper IV takes a loop within all three modes of interaction de-
sign research where a prototype is designed, explored and stud-
ied in order to gain knowledge about the user’s meaning and 
experiences of the prototype. 

•	 Paper V is an iteration; being based on the reflection of the ex-
periences in paper IV and is conducted in the same manner. 

•	 Paper VI also shows the necessity to iterate, to go back and forth 
between steps in the process and proceed with interesting find-
ings and views that emerge in the more exploratory parts of the 
process – in this case, the strong relation between emotional 
design and personalizable interfaces. 

Even though the process is in focus in this section there is also a strong 
emphasis on the outcome in the form of an artefact, according to a prag-
matic tradition (Stolterman, 2008). A summary of the aims of the papers, 
together with other study specific information, is found in (Table 4).
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Summary of papers

Paper I – Assessment of automotive visual display 
guidelines and principles: a literature review
The Design Journal, 14(4), 446–474, 2011

In order to form a basis for the design of personalizable in-vehicle systems, 
this study identified existing visual automobile guidelines regarding visual 
displays, information, and interaction. Moreover, this study investigated 
whether these guidelines comply with existing industry standards and 
whether the guidelines can be used to design the driver’s interaction, even 
if the technological means for conveying the information changes. In other 
words, it examines whether present design guidelines can be used for to-
day’s or tomorrow’s automobiles. This paper covers the research question:   

How should vehicle displays be designed in order to facilitate good hu-
man-computer interaction? 
  

Method

This study consisted of a literature study with searches in the Compen-
dex, Inspec, Referec and ISI Web of knowledge databases, complemented 
with manual searches in handbooks and guideline compilations as well as 
industry standards such as ISO and SAE. 
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Key findings

This study identified the fact that most guidelines do not contradict each 
other and should also be usable, even if the information display technolo-
gy undergoes changes. Figure 13 show the most common areas for auto-
mobile visual display guidelines and their relation to each other.

Figure 13. Taxonomy of identified automobile visual display and infor-
mation guidelines
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Paper II - What Drivers Really Want: Investigating 
Dimensions in Automobile User Needs
International Journal of Design, 8(1), 2014

There is a need for a more designerly way to uncover why people do as 
they do. There is also a gap between the discovery of psychological needs 
and the design of user interfaces (Falke, Schultze, and Krömker, 2011), in 
that users generally cannot express their needs (Laurel, 2003); they might 
not admit that there is a problem which prevents the fulfilment of a need 
(Faste, 1987); and also that they get so accustomed to problems that they 
produce workarounds to fulfil needs which thereby make the need less 
apparent (Patnaik and Becker, 1999). Traditional methods will only cater to 
preferences in existing solutions and will not help in finding unarticulated 
needs that are difficult to see, before there is a solution that fulfils them 
(Faste, 1987; Patnaik and Becker, 1999). A grounded approach is taken in 
order to discover human systems of meaning and different dimensions of 
the underlying needs on which the actions of automobile drivers are based. 
The research question covered in this study is:

How can personalization of the user interface satisfy drivers’ needs?

Method

A twofold methodology is used in this study in order to explore the de-
sign space of future vehicle concepts: a combination of Jungk & Müllert’s 
(1987) future workshop guided by scenarios and Repertory Grid Technique 
(Fransella, Bell, and  Bannister, 2004).

Future workshop
The future workshop brings people into the design process and lets them 
imagine and fantasize how a perfect world in the automobile context 
would look if there were no boundaries. Vehicle concepts were created 
that reflected what users really think is important, something that could be 
considered their true needs, since all hindrances in our everyday lives that 
cause workarounds in the design of our objects were removed. This view 
focuses on promoting pleasure. In line with Wikberg Nilsson and Fältholm 
(2011), and in opposition to the perfect world, the participants also got to 
construct vehicle concepts in a dystopian world with severe limitations on 
what is possible. This view also reflects what we really need; however, this 
view focuses on removing pain.
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Repertory Grid Technique

In order to find the meaning that individuals read into the vehicle concepts 
the Repertory Grid Technique (RGT), where users compare objects, was 
used. From these meanings, user needs were elicited and categorized into 
a number of need dimensions. Participants were invited to a web survey, 
where they were asked to view the vehicle concepts and describe, in their 
own words, how two of these objects share some similarity which differ-
entiates them from the third. The most salient characteristics for the user 
thus appeared. Since one person may imbue with some meaning an ob-
ject that is totally out of scope for another, this method produced a wide 
range of meanings in a grid of personal idiosyncratic constructs forming a 
map of the person’s semantic space (Jerrard, 1998). In total, 390 personal 
constructs were elicited and analyzed for similarities that were abstracted 
and grouped together into dimensions by conventional content analysis.

Key findings

This study identified 19 dimensions of user needs: Control, Automation, 
Calmness, Comfort and Convenience, Connectivity, Driver support, Driv-
ing pleasure, Efficiency, Environmental Impact, Freedom of choice, Inter-
action, Fluency, Ownership, Personalization, Safety, Self-image, Simplicity, 
Technology, Trip context and Versatility (Figure 14). These dimensions can 
bridge the quite large gap between abstract human needs and the solu-
tions that satisfy these needs (Figure 15). 

Figure 14. Dimensions of user needs. Created with Wordle.net.
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These user needs dimensions were further abstracted to identify three 
underlying themes: how novel technology should, or should not, support 
driving, the freedom of choice that people want to have with their vehicles, 
beyond just a means of transportation, and how the vehicle can be, or not 
be, part of a greater collective of vehicles. The need dimensions can aid 
designers of e.g. vehicle interfaces in respect of factors that are salient 
for the user and can guide the design process of supporting the driver’s 
actions and improving the user experience. The evaluation of these dimen-
sions can suggest a way to proceed with the investigation into how these 
dimensions can be used. 

Figure 15. Need dimensions and their relation to human needs and 
satisfiers.
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Paper III - Personalisable in-vehicle systems, 
technology acceptance and product attachment
International Journal of Human Factors and Ergonomics, 2(4), 262-280, 
2013

Earlier research has shown that both flexibility (Miller and Parasuraman, 
2007), and personalization of interfaces (Burkolter et al., 2014), can in-
crease acceptance of a system. This study investigates to what extent per-
sonalizable vehicle interfaces would be accepted. The level of preferred 
personalization was also studied by putting forth narrative-like descrip-
tions of three concepts: changing between predefined modes, one freely 
personalizable mode, or several individually personalizable modes. The 
research questions covered in this study are:

Will users accept personalizable vehicle interfaces?
How will users experience a personalizable vehicle interface?

Method

TAM-Model Questionnaire

The Technology Acceptance Model (TAM) (Davis, 1986; 1989) is widely 
used and has proven useful and reliable for predicting use of new technol-
ogies. However, emotion has been treated as a predictor of effort and per-
formance and not as a direct predictor of the intention to use the technolo-
gy (Bagozzi, 2007). One hundred and thirty-seven respondents answered a 
questionnaire that expanded the TAM3 model (Venkatesh and Bala, 2008) 
with the emotionally related construct product attachment. Flexibility of a 
personalizable product would imply that the user tries to make the product 
personal and to reflect oneself. This personal product would stimulate a 
relation between the user and the product, which implies that the product 
will be nurtured and have an extended life cycle – and that it will actually 
be used.

Key findings

Product attachment is shown to be an important aspect of how a person-
alizable product is accepted; it was found to be a major determinant of 
behavioural intention next to perceived usefulness and perceived ease of 
use (Figure 16).
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Moreover, the study participants’ interest in personalizable in-vehicle 
systems show that these types of systems would probably be fairly well 
accepted. A system comprised of modes that can be independently per-
sonalized displayed the highest behavioural intention.

Paper IV - Design and evaluation of a 
personalisable user interface in a vehicle context
Journal of Design Research (in Press)

Several steps of a research through design process are covered in this pa-
per and loops through all three types of interaction design research identi-
fied by Fällman (2008). However, the study is centered around experience 
prototyping (Buchenau and Fulton Suri, 2000) of a personalizable system 
in order to find the users’ meaning, liking for, actual use of the system, and 
tangible usability issues. This paper covers the research questions:

Will users accept personalizable vehicle interfaces? 
How will users experience a personalizable vehicle interface? 
How can personalizable vehicle user interfaces be designed to be useful, 

usable, safe and efficient in traffic? 

Method
The findings of Buchenau and Fulton Suri (2000) and Van Velsen et al. 
(2008) are used in this study to form a basis for the evaluation of the pro-
totype regarding the user experience and particular usability issues.

Figure 16. Product attachment’s role in TAM.
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Experience Prototyping

In line with the suggestions of Buchenau and Fulton Suri (2000), the final 
prototype designed for this study evolved from early sketches to a high-fi-
delity working interaction prototype that closely resembles how such a 
system would be implemented in future automobiles. In order to closely 
tie this prototype to its intended use context, in a safe and controlled way, 
the prototype was implemented in a high fidelity driving simulator. This 
prototype allowed users to choose which kind of information they wanted 
to display in different locations of the instrument cluster. The prototype 
used a menu system, controlled by existing control buttons on the vehicle 
steering wheel, to navigate between different selection choices. The pro-
totype also allowed the user to change the appearance of the speedome-
ter between a few layouts. The prototype also included the possibility to 
freely choose the colour scheme in the instrument cluster. See Appendix 3 
for more information on the prototype.

Usability testing
Since the notion of personalizable vehicle interfaces is new, it is important 
to detect inherent usability issues that stem from either the principles of 
personalization or the prototype itself. For personalizable systems, Van 
Velsen et al. (2008) found that the four most common areas of investiga-
tion are: attitude and experiences, actual use, system adoption and system 
output. The most common evaluation methods used were: questionnaires, 
interviews, data log analysis, focus groups, think-aloud protocols and ex-
pert reviews. A combination of methods was used in order to thoroughly 
study the most important aspects of the prototype interface (Table 5). 

In order to put more emphasis on the experiential aspects of the pro-
totype, Microsoft product reaction cards (Benedek and Miner, 2002) were 
used, in combination with interviews, to acquire an in-depth understand-
ing of why the study participants had the experiences they had. Because 
of the rigour of the context, the safety aspects were also emphasized. A 
statistical analysis of the measured driving performance was conducted in 
order to gain information on whether it would be plausible to implement 
such a system in the vehicles of today, or the near future, with our current 
traffic environment with its current limitations.
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Table 5. Deployed methods and studied variables.

Key findings

The most important results from this study are that both the general idea of 
personalizing ones products, and the personalization of the interface pro-
totype were well appreciated. All of the participants in the study reported 
that they would like to use such a system if they had access to it in their own 
personal vehicles. The prototype was experienced as flexible, controllable, 
understandable, usable, and useful; but it was also reported that it might 
be experienced as distracting if the system is to be actively personalized 
while driving. 

Even though the focus of this study was to investigate the functional 
aspects of interface personalization, there was some indication that the 
participants were interested in having the possibility to alter more non-in-
strumental aspects of the system’s look-and-feel. The identified usability 
issues were mostly related to the navigation in the system, which calls 
for an improved prototype with a more intuitive type of navigation. There 
were no statistically significant detrimental effects on the drivers’ ability to 
safely drive the vehicle while actively tailoring the system. However, there 
were some positive and negative reflections, for and against this type of 
system in traffic. Almost all participants believed that such a system would 
be distracting to use while in traffic, if there is a need to navigate through 
menus and take the eyes away from the road. Some participants, howev-
er, argued that it would not cause any more detrimental effects than, for 
example, with already existing navigation systems. Some participants also 
believed that as long as the system is personalized in a safe way while the 
vehicle is parked, it would actually benefit traffic safety since the system 
would be adapted to the user.
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Paper V - Design and evaluation of a touch-based 
personalizable in-vehicle user interface
Submitted to: International Journal of Human-Computer Interaction 

A design iteration of the prototype in paper IV was conducted, with the 
same aim and methodology, to cope with distraction issues and the desire 
for more opportunities to alter the system’s look-and-feel aspects (Figure 
17). This prototype interface resembled that of a smartphone, with inter-
action on a touch screen to ensure a high recognition of the basic princi-
ples of the interaction (Appendix 3). The different available functions were 
termed apps and could be independently placed in different displays or dif-
ferent home screens with a flicking gesture towards the preferred display. 
Apps could also be resized and their colour schemes could be changed.

Key findings
The findings of this study are in line with the findings in the previous study. 
Most importantly, the perceived usefulness and liking for both the pro-
totype interface and the general concept of personalizing products were 
preserved. All participants in the study would to some extent like to use 
such a system in their own personal vehicle. 

The prototype was experienced as flexible, easy to use, usable, useful, 
intuitive, and meaningful. Because there were more possibilities for chang-
ing the look-and-feel aspects, more participants highlighted the impor-
tance and liking of these aspects. There were no salient navigation issues 
in this prototype, because there were no deep menu structures. However, 
there was some minor confusion between two different pop-up screens. 
Usability issues were also related to the flicking gesture, especially while 
driving in traffic where the stressful environment may cause the gesture 
to be performed sloppily, suffer interruption, or be misdirected. However, 
this may to a large extent be caused by the implementation of the gesture 
in the software and also by limitations in the hardware. 

This study did not show any detrimental effects, related to the proto-
type interface, on the driving performance. However, many participants 
assumed that the system would be distracting in traffic if there is a need to 
actively engage in personalizing the system. However, some participants 
believed that it will not be more distracting than already existing in-vehicle 
systems. Moreover, almost all thought that a previously tailored system 
would be beneficial to the traffic environment because of its better fit to 
the driver. It can be concluded that this type of vehicle interface can in-
crease both the usefulness and the user experience of the product.
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Figure 17. Second iteration of the personalizable interface.

Paper VI – Personalized vehicle HMIs for better 
user experience
2nd international conference on Affective and Emotional design, Krakow 
Poland, 2014

Data from the previous study is analysed to gain more knowledge about 
the users’ motivations for personalizing their products and especially their 
emotionally laden motivations. Two frameworks related to motivations in 
personalization behaviour were mapped onto each other and merged. The 
participants’ motivations were analyzed and categorized into the merged 
framework. Moreover, the extent of hedonically related experiences was 
analyzed in order to see their importance compared to instrumentally re-
lated experiences. This study covers the following research questions:

How will users experience a personalizable vehicle interface?
How can personalization of the user interface satisfy drivers’ needs?
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Key findings

The possibility to make a product one’s own with a personal touch was im-
portant for many participants. This made the users feel more comfortable 
and the product more pleasurable and more entertaining. The usefulness 
and flexibility of the system were the most salient features. In addition, 
about 22% of the words best describing the users’ experience with the 
interface were related to their emotional experiences. All of the partici-
pants reported that they would personalize the system to accommodate 
instrumental aspects. These aspects include selecting the suitable set of 
functions or improving the usability. Fifteen of the participants (75%) were 
motivated by architectural related motivations, such as visual appearance. 
Nine of the participants (45%) expressed some kind of motivation related 
to relational personalization (Figure 18). The results imply that hedonically 
oriented aspects have an impact, even in a context where instrumental 
aspects, such as functionality and usability, play a large role.

Figure 18. Percentage of the participants’ motivations related to 
different personalization strategies.



This part is organized according to the aim and research questions; in 
addition, it discusses system relationships in the design space of person-
alizable vehicle user interfaces and how it relates to traffic. The inherent 
complexity in designing such systems and the implications for the de-
signer regarding how to transfer partial design outcome responsibility to 
the user in a good and safe way are also discussed. Finally, methodolog-
ical considerations, future work, the contribution of this work to theory, 
and the practice of design and application by the user are elucidated..



83The user as interface designer 

The design space of 
personalizable user interfaces in 
vehicles

It is shown in this thesis that in order to cater to the widely different needs 
of people acting in different contexts it can be beneficial to implement 
highly personalizable vehicle user interfaces for a better user experience 
and a potentially safer traffic environment. By the work in this thesis, it is 
now possible to formulate what constitutes a good personalizable vehicle 
user interface and to delineate possible design guidelines for these kinds 
of systems (Appendix 2).

Figure 19. Dimensions of personalization.

The body of literature regarding product personalization involves some dif-
ferent aspects that all relate to each other (Figure 19). In a product devel-
opment process of any kind, the practice is to include user requirements 
in some stage of the process. However, when the aim is to make things 
better for the individual user this approach will most certainly become 
unmanageable and unimaginable costly since every individual has to be 
asked about their opinion on the matter. Because the approach of this 
thesis is to aid individuals, this step is set off to the side and the work starts 
with what could be considered real needs of people that can be satisfied 
with the help of personalization. From these needs, motivations to why 
people want to personalize their products can be inferred. The motivations 
can be fulfilled in several implementation dimensions. The implementation 
dimensions can take on different personalization strategies. The strategies 
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can lead to a number of positive effects in the use of the personalized 
product. The positive effects will trigger some user experiences. However, 
these user experiences might not occur due to some usability issues with 
personalizable systems. Fortunately, there are evaluation methods avail-
able to ensure the success of a newly developed personalizable system.

Thus, the phenomenon of personalization in user interfaces is a quite 
complex multi-dimensional construct (Fan and Poole, 2006), which builds 
upon many different aspects (Figure 20). It is also important to understand 
that the whole entity of personalization is something more than the indi-
vidual pieces it is built from. The importance of this whole entity is stressed, 
for example, by Schön (1983), and by Nelson and Stolterman (2003). The 
different aspects all contribute individually to the phenomenon, but it is 
not until they are put together that they form a coherent whole. These 
different aspects also overlap, as is apparent in the last three research 
questions. 

Figure 20. Main domains of personalization. 
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How should vehicle displays be designed in order 
to facilitate good human-computer interaction?  
Information and interaction displays in vehicles could be designed by fol-
lowing established design guidelines in order to ensure that there will be 
no negative effects of the design. There are a great number of straightfor-
ward automobile information display and interaction guidelines that can 
aid in the design process of both static and personalizable user interfaces. 
It is shown in this thesis that most established vehicle information design 
guidelines are coherent with international standards, do not contradict 
each other and are in most cases still valid for the design of newer kinds 
of interaction with new technologies. It was also shown that human ca-
pabilities and limitations have the biggest impact on how an information 
or interaction display should be designed rather than its technological 
characteristics. This means that regardless of the technology used, the 
human still stands for the largest part of the human-technology relation 
(Redström, 2006), and all technological systems designed must be adapted 
to fit their human limitations, characteristics, and behaviour. Even though 
there are myriads of other aspects and choices in a design process, such as 
the designer’s skill and preferences as well as the user’s preferences and 
characteristics, for example, guidelines that offer up-to-date information 
for designers are still a good starting point for different stages in the design 
process  (Stevens, Quimby, Board, Kersloot, and Burnset (2002). There are 
also views more critical towards the use of guidelines, such as that the de-
signer should not be guided in action in detail, but rather be prepared for 
action in order to maintain the freedom of the individual designer (Stolter-
man, 2008). Another aspect that makes guidelines hard to use is that all 
design situations are unique combinations of the user plus case, where the 
power of design lies in the adaptation to the specific case (Ullmark, 2011). 
Nevertheless, aspects known to negatively affect user experience and us-
ability can be avoided by using design guidelines.
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How can personalization of the user interface 
satisfy drivers’ needs?
Psychological needs express what people want to experience in order 
to feel good and thrive rather than requirements necessary for survival 
(Sheldon, 2011). The concept of need dimensions are within the same 
scope, and explain aspects which contribute to a good user experience.  It 
is shown in this thesis that the identified need dimensions in relation to 
drivers’ use of automobiles are in line with previously identified psycho-
logical needs, and also that the use of personalization can help fulfil many 
of the identified need dimensions. Furthermore, it shows that personal-
ization abilities are expressed as very important vehicle aspects wherein 
it is possible that they can form a solution that satisfies many sought-af-
ter features for either vehicles or goals that people want to achieve with 
their vehicles. Instrumental aspects in personalization, such as changing 
functions motivated all participants. Hedonic look-and-feel aspects also 
motivated many and some were even motivated to use personalization 
for relational aspects. Tractinsky et al. (2011) claim that both instrumental 
and emotional aspects matter and Hassenzahl (2003) argues that several 
aspects, such as pragmatic and hedonic aspects as well as self-expression 
and relation aspects must be handled within interactive products. Thus, a 
personalizable user interface seems to be able to handle all of these mat-
ters. The largest advantage with a personalizable product seems to be that 
it can be ‘adapted to suit me particularly’. This construct can be related to 
the instrumental view (convey the right functionality), to an architectural 
hedonic view (make the user feel good), or to a relational view (reflect the 
user’s personality). However, it is probably a composite of all three aspects 
that contribute to making the product tailored to just that particular user. 
Some of the identified need dimensions (Figure 14) align with these moti-
vations and can benefit directly from personalization: 

•	 Control can be increased (Tafordi et al., 2002; Burkolter et al., 
2014). 

•	 The level and type of driving support can be chosen in order to 
match the driver’s cognitive abilities (Oulasvirta and Blom, 2008)

•	 The freedom of choice is inherent in a system with personaliza-
tion features and increases its flexibility (Mugge et al., 2009b).

•	 The users can tailor the system to reflect his or her self-image 
(Oulasvirta and Blom, 2008; Mugge et al., 2009a).

•	 Technology can either be made apparent and visible or hidden 
away in a design based on simplicity (Blom and Monk, 2003).

•	 Different sets of functions and information can be used in differ-
ent trip contexts for a vehicle with higher versatility (Van Velsen 
et al., 2010). 
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Most of these need dimensions reflect the competence and autonomy 
parts of the self-determination theory (SDT) (Deci and Ryan, 1985; 2000), 
but the relatedness part is also represented via the dimension of self-im-
age. Given the description of the components of SDT, personalization 
seems to be a suitable way to satisfy all three needs. The need dimensions 
are not yet validated with other user groups or other types of method in-
put. However, the three main topics identified within the need dimensions 
map well to the three needs posited in SDT. The use of novel technology in 
the vehicle corresponds well to the competence need, the use of the vehi-
cle as something more than a means to an end relates well to the autonomy 
need, and, finally, the concept of the vehicle as a part of a greater collective 
relates well to the relatedness need. This implies that the need dimensions 
gain more authority by being connected to a previously established need 
theory. 

Will users accept personalizable vehicle interfaces?
It is shown in this thesis that when asked about a proposed and unseen 
personalizable vehicle user interface, that many, but far from all partici-
pants believe that they would use it. After having tested a prototypic and 
limited version of the system, nearly all participants expressed both a 
strong satisfaction and belief that they would use such a system if they 
had access to it in their personal vehicles. Instrumental factors, such as 
usefulness (Fan, 2007; Tam and Ho, 2006), adaptation to work tasks (Rieck-
en, 2000), and adaptation to the user’s cognitive abilities (Blom and Monk, 
2003) were found to be the most useful aspects of a personalizable ve-
hicle user interface. This is not surprising, given the severe nature of the 
traffic context, where life and death are at stake in which drivers would 
want to make the most out of available technology to have a system that 
is optimized for them. It is also shown that different emotionally loaded 
aspects affect if and how the system is used. Product attachment – having 
an emotional bond to the product – supports the chance of accepting and 
using the product. Product attachment can stem from good experiences 
with a product over time (Mugge et al., 2006), as well as be enhanced by 
personalization capabilities (Mugge et al., 2009a). It is interesting to note 
that product attachment contributes to the intention to use the product 
about as much as the perceived usefulness of the product according to 
the results in Paper III. This implies that as long as a user has established 
a relationship with the product by using the personalization features, the 
product will be used whether or not the user can find some real use for 
the product. This phenomenon is easier to grasp if it is related to some 
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other everyday issue. For example, a person might wear sneakers on a 
cold and snowy winter day. This is not because they keep the feet warm 
and are comfortable, but because the sneakers convey the user’s image 
and identity, and are a dear belonging for the user. Similarly, people also 
buy expensive high performance sports cars. They do this not because 
they are allowed to drive any faster than regular cars – there are still speed 
limits – but because the users sees some qualities in that car besides the 
ability to go from point a to point b. This implies that the product does not 
have to be useful as long as it suits you, which is paradoxical because the 
product will be more useful when it is adapted to you (Tam and Ho, 2006). 
The usefulness should, however, not be confused with the product’s ease 
of use. Jordan’s (2000) notion of usability as a dissatisfier is also important 
to consider. He claims that people become both no longer satisfied and 
surprised when a product displays a high level of usability, but clearly dis-
satisfies when it is hard to use. The results in Paper III show that a product’s 
ease of use, its usefulness, and the possible product attachment all con-
tribute to the intention to use the product, though they are not dependent 
upon each other. Thus, a product can display inadequate qualities in one 
or more of these aspects, but still be used and liked as long as it displays 
sufficient qualities in one or more of the other aspects. This will, in fact, 
make the product useful and accepted even though there are some short-
comings in the ability to achieve the original intended purpose of the prod-
uct (Norman, 2004). All the aspects of psychological wellbeing (Fan and 
Poole, 2006), identity expression, (Oulasvirta and Blom, 2008), and social 
status (Oulasvirta and Blom, 2008) affect the decision of whether to use 
a product or not. In this case, these aspects might actually be part of the 
goal and what the user wants to achieve with the product. Personalisation 
features should, however, both support the usefulness of the product and 
its emotional connection to the user (Mano and Oliver, 1993; Blom and 
Monk, 2003; Hancock et al., 2005; Van Velsen, et al., 2011).

How will users experience a personalizable vehicle 
interface?
It is shown in this thesis that a personalizable interface is experienced 
mostly in a positive manner. The prototype systems studied are experi-
enced as flexible, controllable, understandable, usable, and useful, though 
they might also be distracting if they are to be actively personalized while 
driving. A personalizable vehicle user interface is perceived foremost as a 
tool for instrumental aspects because the driver interface can help drivers 
with the driving task. However, a large part of how the system is perceived 
is related to the hedonic and emotionally oriented aspects, such as the 



89The user as interface designer 

look-and-feel of the product and the product’s ability to express the iden-
tity of the user. This key distinction is identified by, for example, Mugge et 
al. (2009a). There seems to be a great willingness to use look-and-feel per-
sonalization simply because it makes the user feel good. However, this can 
also have effects on the other parts of the product. If the product can make 
the user feel good, it will be accepted and used (Mugge et al., 2006). This is 
in line with the consensus in the emotional design field that factors other 
than the instrumental ones make up a product’s usability and usefulness 
(Norman, 2004; Helander et al., 2001; Jordan, 2000; Leonard and Rayport, 
1997; Desmet and Hekkert, 2007; Hassenzahl, 2004; Forlizzi, 2008). It is 
somehow unexpected that these aspects would get such large attention 
due to the seriousness of the driving task. However, everything that adds 
to the usability, usefulness, and user experience is positive. Since many 
people value both instrumental and hedonic aspects in personalizable user 
interfaces, their use can lead to both a better user experience and a poten-
tially safer traffic environment. Thus, the work in this thesis connects driv-
ing-related and in-vehicle systems research with more emotionally related 
fields by the use of personalization (Figure 21).

 

Figure 21. Driving-related and in-vehicle systems research is connect-
ed to emotional design with the help of personalization.
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How can personalizable vehicle user interfaces be 
designed to be useful, usable, safe, and efficient in 
traffic?

In this thesis, a strong emphasis is on the emotional dimension of product 
personalization, but safety is not left behind. It becomes possible to pre-
vent crashes by having satisfied and less annoyed drivers with the right 
set of information and the right layout out in the traffic environment. The 
major assumption is that the ability for the user to personalize by his or her 
own choice, without computer modelling preceding the possible choices, 
will render a higher emotional attachment to the product, and thus higher 
usage and a safer traffic environment. This is because the drivers will be 
more pleased, less annoyed, have a better emotional state while driving, 
and use the parts of the in-vehicle systems that they believe benefit them 
the most. It is shown in several ways that personalizable vehicle user in-
terfaces can be beneficial for use in traffic. Nevertheless, no matter how 
good such a system might be in traffic, it does not matter if it is not used. 
Chances are higher that it will be used if an attachment is established to the 
product. This attachment will only be used if it is accepted, and it will only 
be accepted if it creates a good experience for the user. 

The purpose of personalizable vehicle user interfaces is to make both 
the traffic environment safer, and to produce more satisfied drivers. There-
fore, a personalizable interface should not affect driving safety negatively, 
even though the user will have more freedom of choice and more oppor-
tunities to fiddle around with the system. It can, indeed, be perceived as 
somewhat distracting by some people, but at the same time perhaps not 
any more distracting than using an already existing navigation aid. How-
ever, driving simulator metrics in Papers IV and V showed no negative ef-
fect on driving performance, even though the participants had to actively 
tailor the system while driving. This is actually a more advanced task than 
most drivers probably would undertake in traffic, and might not even be 
possible, because advanced functions are often restricted while the vehi-
cle is moving. Nevertheless, the tasks were still accomplished quickly and 
efficiently. It is argued that for driving simulation studies, a secondary task 
must be quite obtrusive in order to render a degraded driving performance 
(Grane and Bengtsson, 2013). As in any decent in-vehicle system, most in-
teractions were short and did not demand the eyes to be taken away from 
the road for more than short glances. A good in-vehicle system does not 
demand the driver to take attention away from the road for more than 2s 
for safe vehicle handling (Zwahlen, Adams, and DeBald , 1988), and short, 
simple tasks are efficient and do not negatively affect driving performance 
(Tretten, Normark, and Gärling, 2009c).
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The positive effects of an in-vehicle system are hard to verify in a short 
experiment run. However, the system’s potential is apparent in both the 
evaluation results and the interviews with people that have experienced 
a personalizable prototype. The short time the drivers tailored and drove 
with their preferred settings showed benefits for both the drivers’ experi-
ence and traffic safety. It was believed that using the right set of functions 
with the right look-and-feel would enhance traffic safety by rendering a 
less distracting user interface, as long as the interface did not demand 
active tailoring in traffic. If the benefits of such a system could actually be 
tested in traffic during over long time period, the positive effects would be 
verifiable. Some positive effects are, to some extent, only hypothesised, 
anticipated, and derived from theory. For example, the integration of no-
madic systems in cars is proven to be beneficial for traffic safety (Kauvo et 
al., 2006), a feature that is possible to achieve if the vehicle user interface 
allows either for adding functionality, like smartphone apps, or otherwise 
with a smooth transition of nomadic device interface to the vehicle’s in-
terface. Also, the driver behaviour and attitude is shown to be of great 
influence upon traffic safety (Lancaster and Ward, 2002). This means that 
there is support for involving the driver more in the design of aspects that 
affect the top levels of driving (goals for life and skills for living, as well 
as strategic level/driving goals and context)(Michon, 1985; Hatakka et al., 
1999), both for a safer ride and for a better user experience. However, the 
potential positive effects are only apparent if the user can handle the sys-
tem and is certain of what is best for her or him. The chance of producing 
a decent system layout decreases rapidly if the user disregards all previous 
knowledge regarding interface design from human factors and interaction 
design research, either unknowingly or intentionally. This is the crux of this 
approach. As long as the users want to make the best out of the situation, 
personalizable systems are great and safe, but they could also be misused. 
In order to limit negative effects stemming from lack of knowledge, the 
boundaries for how far the design can be stretched in a personalizable 
interface must be kept within safe limits. There must also always be a good 
default setting for users that do not know, or care for, and a way to pro-
ceed from there. The gained knowledge on how to design a personalizable 
vehicle user interface is distilled into design guidelines in Appendix 2 that 
can be used in addition to more general design guidelines for in-vehicle 
systems as, for example, in Paper I.
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The implications and complexity of personalization 

In one case of extreme personalization, the driver interface opens up the 
chance of the user conducting more unnecessary activities, while at the 
same time maintaining the lesser and lesser important task of driving. At 
the other extreme, it creates the opportunity to hide everything that is 
not necessary to display, which allows for total focus on the task of driv-
ing. However, whichever strategy is taken it is still a case of adapting and 
taming technology by adding more technology. This is a case of making 
complex technology simpler by making it even more complex. Almost like 
fighting fire with fire. This leads to the question of whether personalization 
is always the best choice. Van Velsen (2011) claims that personalization 
should not always be considered as adding value. It is the usefulness of 
personalization for the task at hand, that dictates whether personaliza-
tion should be used or not. The benefits of personalization build upon the 
user’s skill and knowledge to really make the system better, in addition to 
their interest in using the system. It certainly seems that, at least, many 
smartphone users take the time and have an interest in improving their 
systems to fit themselves. Designers have the ability to simplify the driving 
task by transforming complex real-life situations into simple ones (Figure 
22). However, Norman’s (2011) point is that, even though the activities are 
simplified, they will not be understandable, or usable, until the user puts 
some effort into constructing a valid mental model of how it works and ac-
tually interacting with the presented system. According to Ullmark (2011), 
Schön pointed out that complexity in a design situation could open up the 
designer’s mind, producing outcomes other than the expected or tradi-
tional ones, which are not always suitable for the situation. Transferring at 
least some of the power of design to the end user can have both positive 
and negative effects from the designer’s point of view. For example, the 
designer does not have to consider the entire range of accessibility needs 
for the intended user group in order to fulfil individual needs, but the de-
sign might not always look as the designer has foreseen it (Hanson, 2004). 
However, as long as there is a good basic default setting that most people 
can use, it will be in the hands of the users to decide whether to deviate 
from the factory standard and make the system their own.
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Figure 22. Real life complex situations transformed into tangible products.

There is much emphasis on the ultimate particular as the outcome of a 
design process, where the aim is to make something specific for a specific 
user in a specific context. This relates well to personalized products. This 
is, however, according to Stolterman (2008), in contrast with the notion of 
universality, the main focus of science. According to Nelson and Stolter-
man (2003) the ultimate particular is a concept with the same dignity as 
the concept of truth in science. When designing an ultimate particular, 
designers will have to face the people and situations at hand for that given 
design problem. This implies that the user will, in any case, influence the 
design process. With the help of personalization, designers can converge 
the opportunities of a fuzzy front-end into a more tangible product that 
can still offer a multitude of controlled opportunities to the user (Figure 
23). And what could be better than getting your own personalized design 
based on your particular needs, even though you will still have to scrutinize 
and reflect upon these needs yourself.

Figure 23. Transformation of the fuzzy-front end into a set of con-
trolled choices for the user.
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Methodological reflection

Three ideas are discussed in this section: the general method of research 
through design, the more specific methods used in the different studies, 
and future work.

Research through design 

Forlizzi and Ford (2000) claim that the user experience depends more on 
the user than the product at hand. This means that a designer cannot al-
ways design a predicted experience and should instead focus on designing 
situations the user can interact with. Research through design (RtD) has 
been shown to be a good process for gaining knowledge on novel user 
interfaces where the effects of its use are unknown. This is exemplified 
by Hancock and Parasuraman (1992): “…when a new technology is intro-
duced, a problem is solved and created simultaneously; however, the lat-
ter does not manifest itself immediately” (p. 184). The research through 
design process can integrate and bring ideas together to form a composite 
view in situations with unclear or contradictory goals, which is at the heart 
of designer activities. Without designing something tangible, the concept 
of personalizable vehicle interfaces can be hard to convey. The importance 
of constructing a prototype is emphasised by Floyd (1984): “You only know 
how to build the system when you have built it – and then it is often too late” 
(p. 2). All the different aspects of the system would not have been appar-
ent if there would not have been a tangible artefact for people to try and 
inscribe with their own meaning. All the different perspectives of a design 
will, according to Ullmark (2011), have to be made alive for the participant 
through prototypes, where contradictions and dilemmas are made tan-
gible. This view has been especially useful in accordance with Fällman’s 
(2008) idea of circling around in three different views of design research: 
to produce knowledge, to make something new, and to make something 
that is of value to the users. One of the most important beliefs in design 
research is that there is no such thing as a perfect design. This can also have 
implications for prototype design according to Ullmark (2011), who argues 
that an overly concrete solution too early in the process may force people 
to take a stand for or against that particular solution instead of producing 
knowledge of how to proceed in the design process. Thus, the designed 
artefacts in this thesis are only some of the many ways of showing a pre-
ferred future. There is also a debate about whether the artefact itself in an 
RtD-process constitutes some kind of contribution to theory or not (Fried-
man, 2003; 2008). The standpoint in this thesis is that the artefact must be 
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complemented with thorough investigation of the aspects that relate to 
the artefact, such as the user’s meaning, its usefulness, the usability of the 
artefact, as well as many other aspects (Figure 24).

Figure 24. Artefact relations.

Reflection on study design and methods
Even though the intention is not to build upon methodology, it has been 
a necessary means to accomplish the desired results. Because research 
in personalization has not taken off until now, the methodology is still at 
an early stage with no widespread, shared view on how to research the 
topic of personalizable vehicle user interfaces. In this thesis a multitude 
of methods are used, with several methods combined in order to get an 
adequate result, and some methods tweaked in order to fit the context. 
Because of this rather new area of research within a new context, an ex-
ploratory approach has been taken with both qualitative and quantitative 
methods; there was no previous conception of how these methods would 
work in practice, only knowledge of how similar methods have worked in 
other contexts. There is a risk with using many different methods that the 
knowledge produced will not be deep enough, and only skim the surface. 
However, because the purpose is to explore a new area, this is usually a 
conventional way to proceed. 
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The questions of external validity and generalizability must also be con-
sidered. The methods that are altered or combined seem to serve their 
purpose; however, it is not verified whether they really are the best suited 
to the job, or whether they will produce the best outcome. As in many 
cases, it would have been better to involve more participants in both the 
design and evaluation of the artefacts. It might also have been desirable to 
involve a more diverse set of participants. Many participants might have 
been skewed towards a strong interest in technology, which might have 
led to the inscription of better qualities in the artefact than would other-
wise happen, due to the novelty effect of the technology. However, a novel 
design is used in this thesis to show that it can produce desired outcomes 
and to explore the unknown effects of technology in a new context. This 
is done instead of using the design as a means to validate causal relation-
ships between design parameters and user experience. Thus, with fewer 
participants it is sufficient to give valuable insights (Koskinen et al., 2008). 
Ullmark (2011) argues that rigor can be maintained by a thorough doc-
umentation of expected outcomes as well as the deviations from them. 
This is an important aspect, because an explorative study may yield a wide 
range of results.

Because the focus is to include real users and their real needs in the 
design process, the question of whether the ecological validity is sufficient 
all the way through the research process must be brought up. Prototype 
usability testing mainly focuses on the operations taken to control the de-
vice, with less, or no consideration on the activities undertaken in real 
life situations. However, the multitude of methods used to capture widely 
different aspects is believed to be sufficient to give an insight in how the 
system could be used in real life. The time spent with the prototype could 
also have been increased to reduce effects of novel technology and to re-
ally study the positive effects, instead of only ruling out the negative ones, 
as well as seeing how the personalizable interface approach works in real 
traffic. There is an importance of studying interaction as “acting-in-the-
world” (Overbeeke, 2007, p. 7) in real contexts of use while still paying re-
spect to the transparency of methods and well-defined inherent design in 
the traditional experimental tradition (Koskinen et al., 2008). This implies 
that the traditional experimental lab approach will have to be stretched 
and expanded towards a broader approach that considers the multitude 
of needs in design research instead of the needs of cognitive psychology 
alone (Koskinen et al., 2008). Thus, the traditional lab approach is broad-
ened and used in this thesis for open-ended experimentation in line with 
Binder (2007).
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Future work

It does not matter how good a product is if it is never used. Therefore, fu-
ture studies need to determine if and how such a system would actually be 
used and how the approach of personalizable vehicle interfaces affects us-
ers’ lives in the long run. Another aspect is to focus on the positive effects 
conveyed by the system instead of focusing on erasing any negative effects 
or constraining systems so they cause as little harm as possible – the case 
in much of traffic safety research today. There are, of course, many ways 
to design a system and many ways in which to interact with it. In this thesis, 
some ways of conveying the qualities of a personalizable product are con-
sidered, yet there are, of course, other ways as well. Future studies should 
include other ways of interaction and prototyping the user’s experience 
with high and low fidelity prototypes.

The work in this thesis would also benefit from more iterations of the 
design process. In order to really gain knowledge about the effects of 
personalizable systems there would preferably be time to develop a near 
production-ready system with all the features a real system would have. 
The study on acceptance (Paper III) would clearly benefit from a working 
system instead of a description of a hypothetical system, because the con-
cept of product attachment is shown to build on good experiences with 
the product. The concept of product attachment also needs some more 
verification in real life. Even though the TAM model is proven effective in 
predicting system use, product attachment is still only hypothesized by the 
participants in Paper III due to the lack of a product to use and gain positive 
experiences with. Even though there are many benefits from evaluating 
an imperfect system, the prototype evaluations (Papers IV and V) would 
also benefit from a production-ready system, since it would give deeper 
insights than the initial reactions stemming from a system never before 
experienced by the participants. It would also be beneficial to try a larger 
variety of low and high fidelity prototypes in order to gain knowledge of 
people’s initial experiences with different ways of interacting. The concept 
of need dimensions will have to be studied further in order to verify its 
validity, by both connecting it tighter to a well-known need theory such as 
SDT, and studying whether other input to the method, for example from 
automobiles available on the market, would produce a similar set of need 
dimensions. 
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Contribution

The work in this thesis is relevant for the user of electronic products, es-
pecially within the automobile context, as it describes a means for taking 
over some of the power to transform the design and characteristics of the 
product. Additionally, it is relevant for the manufacturers of such products, 
since it prescribes how designers can hand over some of the power to the 
user. 

Theoretical contributions
The knowledge of personalizable products is expanded to include the au-
tomobile context, where personalizable user interfaces are put forward 
as a logical progression of automobile development. In order to cater to 
the widely different needs of different people acting in different contexts, 
it would be beneficial to implement highly personalizable vehicle user in-
terfaces for a better user experience and a potentially safer traffic environ-
ment. The results indicate that:

•	 Personalization can be brought into the automobile context in 
order to produce safe and attractive vehicles with numerous 
positive effects (Appendix 1).

•	 There are a number of guidelines that can be used in order to 
align vehicle user interfaces with human capabilities and limita-
tions, regardless of the type of technology being used (Appen-
dix 2).

•	 People have a wide variety of needs and motivations for using 
technology within the automotive context that can be satisfied 
with the help of personalization. These needs are ordered under 
different need dimensions: control, driver support, freedom of 
choice, personalization, self-image, simplicity, technology, trip 
context, and versatility.

•	 There is a high level of acceptance for vehicle user interfaces 
with a high degree of personalization. 

•	 Instrumental aspects such as personalization of functionality to 
increase usefulness or usability are the most significant part of 
a personalizable interface wherein a safe traffic environment 
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can be created. This aspect is expected to be available in future 
automobiles.

•	 Hedonic aspects, such as personalization of look-and-feel is not 
as important as instrumental aspects but is still a valued part 
of interface personalization in order to create a good user ex-
perience and possibly a safer traffic environment due to more 
satisfied drivers. 

•	 The user’s emotional relationship, or product attachment, with 
a product decides a large part of the intention to use the prod-
uct according to its perceived usefulness. Thus, this aspect also 
needs to be considered. 

•	 A personalizable vehicle user interface is believed to generate 
positive effects on traffic safety. 

•	 It is also shown that the interaction sequences needed to use, 
and even actively tailor such a system while driving, are short 
enough to not cause any detrimental effects to vehicle control.

 

Contributions for design practice and product 
development
Furthermore, this thesis shows that industry and design practices offer a 
reason to implement personalization features, since it is shown that they 
are appreciated, sought after, and believed to produce large benefits for 
the driver. Some guidance on how to implement personalizable features 
is also given:

•	 The proposed notion of need dimensions can be used to bridge 
the gap between the needs of people and the solutions that are 
proposed by design. 

•	 The proposed notion of need dimensions can be used as a check-
list to ensure that every aspect of the dimensions is addressed 
in the design. 

•	 From the study results proposals for design guidelines are 
formed that can be used for the design of personalizable in-ve-
hicle systems, that are adapted to the users and the traffic con-
text. (Appendix 2). 

The guideline elicitation process is a designer activity that shows the dif-
ficulties of bringing scientific results to practice in an understandable for-
mat. There is a certain amount of tacit knowledge involved in this activity, 
and the guidelines are not verified by multiple tests that they work in all 
aspects. In agreement with Stolterman (2008), these guidelines do not 
suggest that the designer should be guided-in-action in detail, but rather 
prepared for action in a new area.
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Contributions for the user

Finally, in this thesis it is also shown that the user will benefit from a per-
sonalizable vehicle user interface in several ways:

•	 The power of design can be transferred, at least partly, from 
the designer to the end-user in order to better accommodate 
individual needs and requirements as long as there is a good 
basic framework set up by the designer. Thus, the user can enjoy 
both increased control of the system and the pleasure of having 
influence of the design of the automobile user interface.

•	 The user can enjoy a drivers’ environment that can facilitate:
       o good user experience
       o instrumental demands regarding wanted functions 
       o instrumental demands regarding cognition and distraction
       o architectural demands regarding look-and-feel aspects
       o relational demands regarding self-expression
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Utility oriented, Instrumental and 
Architectural aspects
Related to the telic state, 
extrinsic motivation, work related 

Motivations:
-       Deliberateness1 
-       Match skill levels of users3,13

-       Flexibility1

-       Increased choice4,8

-       Productivity/efficiency5 
-       Functionality6 
-       Usability6,14   
-       Personally relevant6 
-       Personally relevant information7 
-       Enable access to information8 

-       Accommodate work goals8 
-       Accommodate individual differences8 
-       Control8 
-       Stabilization8 

Positive effects:
-       Economic value6 
-       Better fit to user2 
-       Fit user’s taste2 
-       Useful6,9 
-       Usable6 
-       User friendly6 
-       Efficient7 
-       Find info quicker7 
-       Satisfying experience7 
-       Encourage to explore further7,9 
-       Cognitive effect15

-       Ease of use15

-       Improved aesthetics15

-       Recognition of system15

-       Decrease cognitive load8

-       Increased effectiveness8

-       Produce desired outcome8

-       Easier to use8

-       Save time8

-       Increase job satisfaction3

-       Increase work motivation3 
-       Reduce errors3

-       Increase feeling of control3,4,8

-       Tools become pervasive10

-       Enabling user10  
-       produce better individualized productive 

work environments11 
-       improve our ability to find info12 
-       improve our ability to understand info12

-       improve our ability to transform info12

-       improve our ability to communicate infor-
mation12

Appendix 1 
– Positive effects with personalization
This appendix contains a number of the positive effects related to the use of personalization and the 
motivations for using this kind of personalization. Note that the motivation and the positive effect asso-
ciated with it are the same thing in many cases.



Intrinsically motivated aspects
Related to the paratelic state

Motivations:
-       Seek out and master optimal challenge8

-       Feel like origin instead of subject of event8

-       Differentiation8

-       Mastery8

-       Flow8

-       Interest8

Positive effects:
-       Pleasure from flow8

-       Enjoyment8

-       Increases emotional excitation4,8

-       Conceptual learning8,15

-       Cognitive flexibility8,15

-       Confidence8,15

-       Performance8,15

-       Creativity8,15

-       Engagement8

-       Persistence8

-       Performance8

Hedonic, social (relational) aspects

Motivations and positive effects:
-       Psychological wellbeing5

-       Social welfare5

-       Social context6

-       Relational aspects6

-       Effectiveness of interaction6

-       Generate social capital6

-       Get emotional response8

-       Express identity8

-       Convey emotion8

-       Convey feeling8

-       Convey intentions8

-       Please others8

-       Gain approval8

-       Feel socio-emotionally connected8

-       Acceptance8

-       Inclusion by others8

-       Social status8

-       Well-being6

-       Not alone6

-       Valued6

-       Reflection of personal identity16

-       Reflection of group identity16 

Hedonic, architectural aspects 
Related to paratelic and intrinsic 
motivations

Motivations:
-       Aesthetic value5

-       Attractive environment6 
-       Excitement6

-       Stimulation6

-       Noveltry6

-       Personal and social identity6

-       Affective6

-       Cognitive6

-       Socio-cultural6

Positive effects:
-       Elicit different motivational states6

-       Source of enjoyment6

-       Delightful experience6

-       Emotional effect:14

o	 Familiarity with system
o	 System feels personal
o	 Feeling in control
o	 Feeling of ownership
o	 Release from boredom
o	 Fun
o	 Positive associations
o	 Attachment to system
o	 Accommodating current emo  
             tional state

-       Enjoyment of technology:6

o	 Technology appreciation
o	 Acceptance
o	 Exploration
o	 Experimentation
o	 Sustained usage

-       Aesthetic longevity17

-       Seamless interaction17



Appendix 2 - Design guidelines for 
personalizable user interfaces for vehicles
This appendix contains design guidelines for personalizable user interfaces for vehicles that 
have been elicited from the results in the different studies in this thesis. The guidelines are 
ordered under some different aspects. In order to maintain individual design freedom, the 
designer should be prepared for action rather than merely being guided in action (Stolter-
man, 2008). These guidelines are thus quite general and broadly formulated. Even though 
the aim is to give the user more freedom to design his or her own personalized system, the 
designer must still have freedom to put his or her personal touch on the design.

Reasons to personalize
•	 Allow the user to choose the functions he or she finds desirable.
•	 Have a means to reduce amount of information; in other words, user should be able to dis-

able standard functions.
•	 Allow a way to easily switch between different users.
•	 Allow switching between different pre-set or user-tailored modes for different driving con-

texts.
•	 Allow personalization of non-instrumental aspects such as colour and look. They can have a 

great influence on user experience and also make it more fun and intuitive. Personalization 
has the ability to create a more emotional bond between user and product, and thus render 
a more satisfied user.

Types of personalization
•	 Allow the user to choose desired functionality.
•	 Allow the user to disable unwanted functions.
•	 Allow the user to resize functions.
•	 Allow the user to change colour settings.
•	 Allow the user to choose placement and order of the desired functions.

o Have many available display positions to display wanted functions.
o Allow user to move functions and information around quite freely.

Level of personalization

•	 Always keep the level of personalization within guidelines for good interface design.
•	 Do not force the user to personalize. Provide a good default mode that works for most   

users/most occasions.
•	 Provide a flexible way to use personalization. Let the user decide what is desirable without 

making unnecessary restrictions/ imposing a hindrance for the desired outcome.
•	 Provide many available functions to choose between or to customize.
•	 Provide pre-set, or user-defined modes that easily can be switched between, even in traffic.
•	 Disable parts of the system that demand more than one single action while the vehicle is in 

traffic.



Navigation/input

•	 Provide a clear and salient starting point for personalization features. Users should easily 
find where to start with the personalization act – if it is not obvious that you can customize 
the system, it will not be done.  Many users do not care for exploring the entire system the 
first time they use it.

•	 Make the system fast to use – quick ways of interacting (<2s) will not affect driving signifi-
cantly.

•	 Provide intuitive means of input – Even if the user understands the general idea of person-
alization, unintuitive controls might hinder system output. This is especially important for 
the traffic context where there is little time to figure out how to proceed with one’s actions:

o Touchscreen is suitable to use when the vehicle is parked since it can offer a 
more intuitive way of handling the system.

o Button input is suitable while driving because it reduces the need to look 
away from the road.

•	 Provide a clear confirmation button to ensure that the user really chooses the desired func-
tion.

•	 Keep levels in eventual function menus to a minimum.
•	 Provide a clear way to show that there are options/further ways of personalizing single 

functions.

Feedback
•	 Provide feedback that something has changed – since the very nature of a personalizable 

system is to change and alter things, there cannot be too much emphasis on this.
•	 If the system uses several displays:

o Provide clear feedback that something has changed if the system has con-
trols and displays in different locations–alert in both these locations.

o Provide a good transition between displays if something is moved to another 
place – reduce the risk that the user thinks that something got lost.

o Provide a way for the user to maintain control over functions even if they are 
displayed without direct or close input.

Distraction
•	 Reduce the risk that the user makes unnecessary changes in the system while driving.
•	 Provide boundaries for sizes, placements, borders,  light intensities, and so forth in order to 

minimize distraction.
•	 Make a clear distinction between features for use in traffic and features that can only be 

used while parked. Otherwise, there is a risk that the user feels that detailed changes in the 
system are too available to them while in traffic and they will feel that the system is unsafe.



Appendix 3 - Prototypes

In this appendix, the interaction with the two high-fidelity prototypes are described.

Button based prototype
Interaction map

Driving simulator mock-up



Touch-based prototype

Interaction map

Main interaction principles





Head up display

Driving simulator mock-up
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Assessment of 
Automotive Visual 
Display Guidelines 
and Principles: A 
Literature Review

Carl Jörgen Normark and Anita Gärling
Luleå University of Technology, Sweden

ABSTRACT As more and more technology is 
added to the automobile interior it needs to be 
designed in a usable and efficient way: to facilitate 
safe driving. This paper reviews guidelines 
and visual design principles for automotive 
instrumentation. Guidelines were compiled, 
categorized and analysed in order to determine 
whether they were valid and usable for today’s 
design of information presentation in automobiles. 
By doing this, contradictory guidelines and gaps 
in knowledge were identified and discussed. 
However, there appeared a consensus within the 
different guidelines of best practice, and many are 
still usable by designers today.

KEYWORDS: literature review, guidelines, automotive 
design, information presentation
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+
Introduction

In today’s automobiles more and more advanced systems 
are implemented, which may divert attention capacity 
from the main focus of the driver – that is, to drive as 

safely as possible. Driver distraction has been identified as a major 
cause of accidents; in 25 per cent of all car accidents distraction is 
the main cause (Horberry et al., 2006). Therefore, efforts must be 
made to ensure that in-car systems do not have negative effects on 
the driving task, which can be done, for example, by using appropri-
ate design guidelines. Despite the large number of existing guide-
lines and principles for how information output should be designed 
and presented, there are to the authors’ knowledge no wide-ranging 
comparison or assessment of these guidelines. Moreover, many of 
the guidelines originate from a time when there was a considerably 
smaller amount of information presented inside the automobile; and, 
many come from areas outside of the automobile industry.

The aim of this literature review is to analyse existing design 
guidelines and principles for visual displays and information presen-
tation within the area of automotive instrumentation. The main areas 
of interest are placement and technological restrictions for informa-
tion displays; limits of human perception; and issues regarding clarity 
and usability. Hence, this review may be seen as a guide helpful for 
both vehicle and aftermarket manufacturers when developing safe 
and usable in-vehicle interfaces utilizing visual displays.

The following research questions will be addressed:

today’s automobiles?

Method
A literature search conducted in June 2007 using the keywords dis-
play, design, and guideline in the Compendex, Inspec and Referec 
databases resulted in 936 records. A refined search with the same 
keywords in the ISI Web of knowledge in the areas of ergonomics, 
psychology, applied psychology and computer science reduced 
this number to 288. To further narrow down the amount of articles, 
a manual search was performed. In all, 30 handbooks and guide-
line compilations written in the English language providing detailed 
specifications meant to be used directly by designers to make driv-
ing as safe, effortless, comfortable and distraction-free as possible 
(Alliance of Automobile Manufacturers (AAM), 2006) were checked. 
A taxonomy was constructed in order to clarify how the guidelines 
relate to each other (Figure 1).

Some of the recommendations in the Federal Highway Admin-
istration report FHWA-RD-94-087 (Green et al., 1993) have been 
used here as a measure to assess the applicability of the guidelines 
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in today’s automobiles; namely that good guidelines should be di-
rectly usable by the designer – for example, short, specific and often 
quantitative, and verifiable by a primary source in the form of valid 
peer-reviewed research. Moreover, other assessment measures are 
whether the guideline complies with international standards, other 
relevant human factor standards, and whether it can be used even if 
the primary technology of displaying information changes.

Figure 1 
Taxonomy of reviewed 
guidelines.
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Results

Eye and Head Movements
The area of eye and head movements for visual displays is well ex-
amined and limitations of head movements are considered first since 
they greatly constrict where information in the driver’s compartment 
can be placed (SAE J1050, 1994). Diffrient et al. (1974) state that an 
effortless head movement can be done within 45° in the horizontal 
plane and 30° within the vertical plane. Limitations of eye move-
ments give further restrictions for where frequently needed, and 
important, information should be placed. An effortless rotation of the 
eye should, according to both Chengalur et al. (2004) and Diffrient 
et al. (1974), be within 30° while the maximum downward rotation 
according to the latter is merely 35° (Figure 2), but both agree that 
the eye can be rotated downward more easily than upward.

Both head and eye movements constitute the line of sight. 
According to Diffrient et al. (1974), the normal sightline when seated 
in an automobile is 15° down, which the authors also consider 
as the minimum limit for the visual area above the steering wheel. 
Grandjean (1983), on the other hand, reports a range of 4–14°.

Display Location
When all limitations of head and eye movements are considered, 
limits of where different information should be placed can be put 
together (ISO/TR 16352, 2005). The European Commission (2008) 
and AAM (2006) state that displays that carry information relevant 
to the driving task should be positioned as close as possible to 
the driver’s normal line of sight. On the other hand, Stevens et al. 
(2002), are more specific and suggest that the higher the priority of 
the information, the closer it should be placed to the driver’s line of 
sight to reduce the eyes-off-the-road-time. Preferably high on the 
dashboard rather than low in the centre stack, where only simple 
information rarely used should be positioned. However, the top of 
the centre console can be acceptable but this placement might 
demand a larger text size (Green et al., 1993; Stevens et al., 2002). 
Diffrient et al. (1981) and Sanders and McCormick (1993) state that 
primary displays should be located within 15° around the normal 
sightline, while Ross et al. (1996) suggest 15°–20°. Van Cott and 
Kincade (1972) add that this area is a little oval and flatter above the 

Figure 2 
Head rotation and eye 
rotation.
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line of sight than below. Van Cott and Kincade (1972) and Chengalur 
et al. (2004) suggest that displays should be placed perpendicular to 
the line of sight to avoid parallax errors. Green et al. (1993) state that 
displays in general should be placed within 30° of the driver’s line of 
sight and the Japan Automobile Manufacturers Association (JAMA) 
(2004) suggests 30° down from a straight line. Diffrient et al. (1981) 
conclude that the limits for secondary displays are 30° around the 
sightline and that the limits for detecting objects lies within 60° to 
the sides, 50° up, and 70° down (Figure 3). AAM (2006), European 
Commission (2008), and JAMA (2004) state that displays should 
be installed in a way that minimizes glare and reflections and that 
any control or display required for driving the vehicle must not be 
obstructed by another device.

The state and the condition of the eye itself also confine the 
distances for where information is legible (ISO 9241-303, 2008). 
For reading displays Diffrient et al. (1981) suggest a value between 
33 and 71.1 cm with an absolute maximum of 76.2 cm. Van Cott 
and Kincade (1972) agree with 71 cm with the argument that this is 
at a reachable arm length. Leibowitz and Owens (1975) found that 
the resting state of the eyes, and hence a good reading distance, is 
about 59 cm (Figure 4). According to Boff et al. (1986), the size of a 
visual field where it is possible to attain a sharp image is 1° around 
the fixation. According to Woodson et al. (1992), objects 30° outside 
of this area are required to be about ten times larger to be clearly 
seen.

Figure 3 
Limits for information 
presentation.

Figure 4 
Recommended reading 
distances.
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Types of Displays
In visual displays, Chengalur et al. (2004) state that for qualitative 
and check readings a moving pointer is preferred and for quan-
titative readings, without increase or decrease, a digital readout. 
Furthermore, unless only precise readings are needed, digital dis-
plays should be linked with analogue displays. For operating instruc-
tions in a panel with other functions an annunciator light should be 
used, and for a status reading a conventional light should be used. 
Woodson et al. (1992) agree with the use of an annunciator light. 
According to Ivergaard (1999), a moving pointer and a fixed scale 
should be used unless the range is very large. According to Diffrient 
et al. (1981), values in a display should increase clockwise, from left 
to right, or from bottom to top. According to Heglin (1973), circular 
or semi-circular scales are preferred, but if numerical increase is 
related to some other natural representation, such as more or less 
or up and down, a straight line or thermometer scale with a moving 
pointer is better.

Dials
Circular dials, mechanical or simulated, on a graphical display are 
common type of displays traditionally used for presenting infor-
mation in automobiles. According to Diffrient et al. (1981), a dial 
diameter should optimally be between 7 cm and 7.6 cm with a 
pointer length of 2.9 cm. For a precision readout, the dial should be 
enlarged to 10–15 cm, while for a check reading 4.4 cm is sufficient. 
There are also guidelines specifically for pointer appearance. Diffrient 
et al. (1981) and Grether and Baker (1972) suggest that the pointer 
should reach the major scale markers but not overlap smaller mark-
ers. According to Grether and Baker (1972), the pointer should also 
lie close to the dial surface to avoid parallax errors, be pointed with 
a tip angle of about 20°, have a uniform colour from tip to pivot, and 
have the remaining part of the pointer as short as possible. Where 
a horizontal scale is used, the pointer should be on top, and for a 
vertical the pointer should be on the right hand side (Figure 5).

Figure 5 
Good design of dial and pointer position.
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Woodson et al. (1992), on the other hand, suggest that the 
pointer should be located on the bottom. According to Chengalur et 
al. (2004), the placement of zero in a continuous scale should be at 
twelve or nine o’clock, while Sanders and McCormick (1993) sug-
gest that if the scale does not fill the perimeter, zero should be placed 
at the lower part of the dial, six or twelve o’clock (Figure 6). Diffrient 
et al. (1981) state that vertical characters and few indices should 
be used for speedy reading and the location of numbers should be 
beyond the indices to eliminate pointer overlap.

Ivergaard (1999) suggests for index sizes, dial scales at 71 cm, 
while Woodson et al. (1992) present a formula for calculating these 
sizes (Figure 7). Chengalur et al. (2004) suggest that the maximum 
number of markings between numbers should be nine, and both 
Chengalur et al. (2004) and Ivergaard (1999) suggest that the pro-
gression of numbers should be in steps of one, two or five.

Characters
The characters used in a display are important for providing fast and 
safe readouts and many guidelines have been formulated regarding 
size, case and font types (ISO 15008, 2003). Shneiderman (1997) 
recommends the use of four character sizes with larger sizes for 
attracting attention. According to Grandjean (1987) and Sanders and 
McCormick (1993), the preferred character height of a capital letter 
should subtend about 16–24(25) minutes of arc in the visual field, 
and at a distance of 70 cm this would suggest 4.3 mm. Chengalur et 
al. (2004) state that the character height in a vehicle should subtend 

Figure 6 
Recommended placement 
of zero in dials.

Figure 7 
Dial scale sizes (measurements in centimetres).
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20–22 minutes of arc with a minimum of 14, and Stevens et al. 
(2002) state 15 for a static vehicle and 24 for a moving (Figure 8). 
Smith (1979) stated the ‘James Bond Rule’, which affirms that the 
visual angle of a character (its height divided by the viewing distance) 
should be at least 0.007 radians and about 24 minutes of arc, to 
give 100 per cent legible reading. Hence, at 70 cm viewing distance, 
the characters should be 4.9 mm. Green et al. (1993) suggest that 
text should be 6.4 mm or larger, and Ross et al. (1996) 6 mm at a 
distance of 60 cm.

Clarity of text is another issue. According to Diffrient et al. (1981), 
capital letters can be read further away because of increased size, 
and lower-case letters 13.4 per cent faster than capital ones be-
cause of the up and down cues. Poulton (1967) states that a com-
bination of upper- and lower-case letters generally provides more 
information than upper-case alone. Green et al. (1993) add that 
mixed case should be used for messages longer then two or three 
words. Smith and Mosier (1986) argue that for alphabetic codes, 
all letters should be displayed in either upper- or lower-case letters 
and if an arbitrary code is used, it should not be longer than four to 
five characters. There are also some guidelines specifically for fonts. 
According to Shneiderman (1997), up to three fonts could be used 
at the same time. Chengalur et al. (2004) state that vertical numbers 
should be used rather than slanted and that the use of segmented 
alphanumerics should be minimized. Woodson et al. (1992) state 
that simple block styles are to be preferred (Figure 9).

Colours and Illumination
In all guidelines up to this point the effects of colour and illumination, 
which add other dimensions to the information design (ISO 2575, 

Figure 8 
Relations of character sizes 
(measurements in minutes 
of arc).

Figure 9 
Preferred character 
presentations.
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2004; ISO 15007, 2001), have not been considered. Sanders and 
McCormick (1993) point out that the extremes of the colour spec-
trum (reds and blues) should be avoided. However, they also men-
tion that there is contradictory evidence about this. Both Sanders 
and McCormick (1993) and Shneiderman (1997) suggest that on a 
dark background colour pairs of saturated red and blue, and to a 
lesser extent red and green or blue and green should be avoided. 
Yellow on purple and magenta on green are also hard to read. 
According to Reynolds et al. (1972), the ability of different colours to 
attract attention is – in descending order – red, green, white, yellow. 
There are a limited number of colours suitable to use when maximiz-
ing human performance. According to Ivergaard (1999) and Jones 
(1962), nine colours can be differentiated. Smith and Thomas (1964) 
suggest a range of five to twelve depending on viewing conditions. 
According to Shneiderman (1997), four standard colours should be 
used with additional colours reserved for occasional use in a single 
display and seven in an entire sequence of displays. Also, two levels 
of intensity with limited use of high intensity are suitable. Sanders 
and McCormick (1993) and Wickens and Hollands (1999) are more 
cautious with colours and suggest the use of as few colours as 
possible to avoid distraction, that five or six colours can be used 
without risking confusion, and that ten is the maximum amount, 
while Stevens et al. (2002) suggest five and Ross et al. (1996) four 
(Table 1).

Table 1 Preferred numbers of colours.

Different colours can be used to represent different conditions 
and situations, though it is important that the coding of each colour 
is meaningful to the user. Smith and Mosier (1986) argue that gradual 
colour changes could be used to show the relative values of a single 
variable and that colour coding always should be linked with some 
other feature such as symbology. They also conclude that each 
colour should only represent one category of displayed data. Ross 
et al. (1996) state that colour stereotypes should be used such as 
red for alarms, yellow for warnings, and green for normal condi-
tions. Stevens et al. (2002) agree with this, but suggest white to be 
used for information or status, and give no guidance for the colour 
green. Diffrient et al. (1981), Green et al. (1993), Ivergaard (1999) 
and Woodson et al. (1992) suggest that the colour red should be 
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used for critical failures and stops, yellow for cautionary and less 
critical incidents, and white for general status or non-critical events. 
Diffrient et al. (1981), Ivergaard (1999) and Woodson et al. (1992) 
suggest that green should be used for normal and safe conditions. 
Diffrient et al. (1981) also suggest amber for check purposes and 
that blue should be avoided, and Woodson et al. (1992) agree with 
the latter. According to Smith and Mosier (1986), blue should only 
be used for backgrounds (Table 2). There are also a few guidelines 
regarding the relationship between fore- and background contrast 
for increased readability. According to Diffrient et al. (1981) text 
should be displayed in black on a light background under ample 
light conditions. For dark adaptation, text should be light on a dark 
background (Figure 9). Green et al. (1993) suggest that, in general, 
light characters should be used on dark backgrounds.

Table 2 Preferred character presentations.

Weber’s law of just noticeable difference (ΔI = kI) (Salvendy, 2005) 
describes Δ as the difference between stimulus and background; 
intensity, k, as a proportionality constant; and I as the intensity of the 
background field. Sanders and McCormick (1993) state that higher 
levels of illumination may reduce demands on users’ information pro-
cessing system. Ross et al. (1996) and Stevens et al. (2002) suggest 
that the brightness of a display should be adaptable between night 
and day conditions and that the contrast should be at least 3:1, but 
that 5:1 is recommended. JAMA (2004) add that the display must 
not dazzle the driver at night. Sanders and McCormick (1993) sug-
gest that the colour contrast between text and background should 
be maximized.

A way of increasing the eye-catching abilities of colours is to utilize 
blinking symbols or messages. Shneiderman (1997) and Sanders 
and McCormick (1993) state that changes of colour should be used 
with great care and only in limited areas, also for warnings. However, 
Shneiderman (1997) states that if a display must blink, it should blink 
with a rate of two to four Hz, while Smith and Mosier (1986) suggest 
two to five Hz with a minimum ‘on’ period of 50 per cent. According 
to both Woodson and Conover (1964) and Heglin (1973), a suitable 
flash rate for attracting attention is three to ten times per second with 
a duration of at least 0.05s. According to Markowitz (1971), a flash 
rate of one to two times per second is suitable for highway driving. 
Stevens et al. (2002) suggest two to three Hz with a duty cycle of 
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50 per cent for getting attention and a third to one Hz and 70 per 
cent for legibility. According to Fisher and Tan (1989), flashing text is 
not efficient for reading messages and Spoto and Babu (1989) state 
that inverted colours are more effective than increased brightness.

Data Density
The density of the data presented is important because the size of 
the space for presenting is rather restricted inside an automobile. 
The information must, however, be presented in an orderly manner 
to the driver for increased clarity and usability. There exist some dif-
ferent views on how large a percentage of a display screen should 
be utilized. Helander et al. (1997) and Green et al. (1993) suggest 
that only what is necessary for the task at hand should be presented. 
Danchak (1976) suggests that 15 per cent is a good percentage of 
active screen area usage and it should not exceed 25 per cent, while 
Helander et al. (1997) state that it should not exceed 60 per cent. 
According to Stevens et al. (2002), blank spaces provide structure. 
Shneiderman (1997) states that low local, and overall, densities 
make easier-to-read displays. Local density is considered to be a 
5° visual angle around each character which means approximately 
fifteen characters wide and seven high at normal viewing distances 
(Figure 10). Shneiderman (1997) also argues that colour could be 
used for increasing the information density in graphical displays and 
to group objects and that grouping information in meaningful chunks 
can increase the usability and shorten the search time.

The search time for objects is also a critical aspect to consider 
when designing driver information. Chengalur et al. (2004) sug-
gest that displays and controls with similar functionality should be 
grouped together and Ross et al. (1996) add that related information 
should be consistent across displays. Sanders and McCormick 
(1993), Helander et al. (1997), and Tullis (1983) agree that the num-
ber of groups on the screen should be minimized by making each 
group as close to 5° as feasible in a structured display. The number 
of groups also has an impact on search time, even when the amount 

Figure 10 
About 5° local density at a 
regular reading distance.
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of information displayed is constant, The necessary information can 
be extracted from groups smaller than 5 degrees in one fixation, 
but for larger groups the size determines the number of fixations. 
Sanders and McCormick (1993) conclude that if a small amount 
of information is spread all over the screen, the search time can be 
long. By packing the information more densely, search time can be 
improved, but eventually, the information becomes too crowded and 
the performance deteriorates. Search times are generally faster for 
items arranged in columns than as horizontal lists of running text. It is 
nearly impossible to focus attention on one visual source and ignore 
another within 1° of visual angle from each other.

A third way of improving the use of a display’s area is to make use 
of layering and separation. Green et al. (1993) suggest that percep-
tual groupings should be used to separate and aggregate elements 
and, according to Tufte (1990), it is important to visually stratify 
different categories of information and weigh the importance of dif-
ferent information. It is also important to eliminate irrelevant graphical 
structures such as containers, decorations and gridlines. Galitz 
(2007) points out that everything in a task must, for the user, have 
a meaning and a purpose, and Easterby (1967, 1970) comments 
that contrast boundaries such as solid shapes are preferable to line 
boundaries, but also that closed figures enhance the perceptual 
process (Figure 11). According to Helander et al. (1997) graphical 
boundaries are preferred by users, even though they do not seem to 
reduce search time.

Graphics
There are certain circumstances where information is best presented 
as text and others where it should be presented as graphics. Galitz 
(2007) takes a stand for graphics and suggests that all screen ele-
ments should be identifiable by cues other than words. Smith and 
Mosier (1986) and Cleveland (1985) suggest the use of graphics 
when users must quickly scan and compare sets of data. According 
to Green et al. (1993) and Baber and Wankling (1992), symbols 
need to be put together with additional text information in order to 
increase performance and that text can be more informative than 
symbols alone. Woodson et al. (1992) state that words should be 
used for increased clarity and where everything cannot be pictorial-

Figure 11 
Contrast boundaries are 
preferred.
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ized. According to Stevens et al. (2002), symbols can be detected 
faster and from a greater distance than text, but if the symbol is 
unfamiliar it needs to be accompanied by a limited text label. Green 
et al. (1993) adds that a symbol can be seen from twice the distance 
of text.

Warnings
An important form of information is warnings, which could be pre-
sented as text, symbols, or a combination of both (ISO/TR 16352, 
2005). Chengalur et al. (2004) suggest that in the Western world, 
warnings should be placed toward the top-left for easier detection 
due to the reading direction and that a warning should be larger and 
more separated from other information surrounding it. JAMA (2004) 
agrees that a warning should be easy distinguishable. Heglin (1973) 
states that there should ordinarily be one warning light, but if more 
are required, a master warning with a word panel indicating specific 
conditions should be used. The warning light intensity should be at 
least twice as bright as its background. A warning light should be 
placed within 30° of the user’s normal line of sight and, at least, be 
1½ the size of other indicators. Flashing lights should only be used 
for extreme emergencies since they are very distracting. Woodson 
et al. (1992) also agree with the use of a master warning light and 
Stevens et al. (2002) add that time-critical information should be 
prioritized in a shared display.

Attention
Sanders and McCormick (1993) have compiled a set of guidelines 
with respect to attention and ability to detect signals. For multiple 
signal sources it is recommended that as few channels as possible 
should be used, even if it means that the signal rate is increased or 
that signal sources are put closely together. The user should also be 
provided with information where the signal will occur and the relative 
importance of the signal. Signals that need to be responded to in-
dividually should be presented at a rate that supports the response. 
Short intervals of 0.5 or 0.25s should be avoided and the user should 
be able to control the rate of stimulus input. If one signal should be 
detected among other signal sources, it should be as distinct and 
separated as possible and also more salient and centrally located 
than other signals. The number of competing channels should also 
be reduced. Chengalur et al. (2004) offer some other features that 
increase the probability that a signal is detected: Too many, or too 
few, signals to be detected and responded to should be avoided, as 
should bringing in a secondary display task. The signal should be 
presented in different formats such as for instance both in text and 
as an icon, should be dynamic and should be amplified differentially 
from noise; and knowledge of expected results should be provided 
as well as information on how the signal can be distinguished.
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Interaction
As much of the information presented in automotives requires ac-
tion, or is dependent on the users’ actions, interaction itself also 
must be considered (ISO 15005, 2002). According to Shneiderman 
(1997) informative feedback should be offered to the user, dialogues 
should be designed so that the user knows when the dialogue ends, 
error handling, error prevention and easy reversal of actions should 
be provided, systems should be designed so users feel that they 
are in control, and frequent users should be able to use shortcuts. 
Green et al. (1993) also state that support should be provided for 
expert as well as novice users. Smith and Mosier (1986) state that 
a system should respond to a request in no more than 0.5 to 1s, 
while AAM (2006) suggests 250ms. Dingus et al. (1996) assert that 
all available functions should be transparent from a top level, or main 
menu, and that the number of functions and their complexity should 
be minimized. Stevens et al. (2002) add that three or four menu 
choices are appropriate and that there should be dedicated keys for 
frequently used functions. AAM (2006) states that a system should 
not require uninterruptible sequences of manual/visual interactions 
and that the user should be able to resume an interrupted action at 
the same point as well as to control the pace of interaction without 
any time-critical responses to the system. AAM (2006), European 
Commission (2008), JAMA (2004), and Stevens et al. (2002) sug-
gest that visual information that can distract should be disabled, or 
presented so that the driver cannot see it while driving. AAM (2006) 
and JAMA (2004) also state that the system should have a clear 
distinction between functions intended to be used while driving and 
those which are not. When the vehicle is in motion, functions not 
intended to be used should be made inaccessible.

Glances
For a safe traffic environment it is important that the driver is well 
aware of activities on the road and does not spend too much time 
gazing at systems within the automobile. JAMA (2004) states that 
the time a display is looked at from start to finish during a specific 
task should be 8s, and AAM (2006) that the total time the display 
should be glanced at is 20s. AAM (2006), European Commission 
(2008), JAMA (2004), and Stevens et al. (2002) all claim that the 
driver should be able to complete the desired task with sequential 
glances that are brief enough not to adversely affect driving. Stevens 
et al. (2002) recommend a glance time of 1s with a maximum of 
1.5s, and AAM (2006) a maximum of 2s.

Driver Demographics
There are some further guidelines to consider if a vehicle should be 
made accessible to all drivers. Sanders and McCormick (1993) have 
compiled a list of guidelines for designing information- processing 
tasks for the elderly and users with reduced capabilities. This 
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 includes strengthened signals, controls and displays designed so 
that irrelevant details are reduced, high levels of compatibility be-
tween conceptual, spatial and movement should be maintained, 
time-sharing tasks should be reduced, time should be provided 
between the execution of a response and the signal for the next 
response, and the user should be able to set the pace of the task 
where possible.

Discussion
In general, many of the guidelines found seem to be applicable to 
today’s automobiles. There are, however, guidelines that do not 
comply with international, or national, standards and have no refer-
ences to primary sources in the literature. As many guidelines lack 
these references, the use of meta-analysis and similar methods is 
difficult to carry out. There are simply no source studies to com-
pare with in many cases. Therefore, other assessment methods 
are required, such as, for example, compliance with international 
standards; whether the guideline refers to a scientific study or is part 
of one; and if the guideline can be used regardless of technology 
(see Table 3 below).

Eye and Head Movement
The guidelines in this category seem reasonable and all comply with 
the SAE J1050 (1994), or ISO 9241-3 (1992) standards, except 
from the guidelines about easy eye rotation, which exceed the 
aforementioned SAE standard by 15°. All of these guidelines should 
be applicable to any technology employed since they represent 
basic human motion capabilities. The downside of these otherwise 
precise and quantitative guidelines is that none, except Grandjean’s 
(1983) sightline, refer to any primary sources and can, thus, not be 
verified.

Display Location
The guidelines concerning viewing distances all conform to the 
ISO 9241-303 (2008) focal distances regarding minimum values. 
The maximum values are all shorter than the recommended dis-
tance of 100 cm. Reading distance and preferred focal distance are, 
however, not entirely equivalent. The Leibowitz and Owens (1975) 
guidelines can be justified since they use a student population with 
probably shorter focal distances than elderly persons since this 
distance increases with age (Hedman and Briem, 1984). Van Cott 
and Kincade’s (1972) guidelines can be justified since they limit the 
distance to a reachable arm length. As long as the displays used 
for displaying information provide a feasible image quality, these 
guidelines could be used with any technology. However, it is only 
Leibowitz and Owens’s (1975) reading distance that can be verified 
by the literature. There are some contradictory findings regarding 
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Table 3 Assessments of whether guidelines comply with a standard, are referenced, or can be used 
regardless of technology.
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Table 3 Assessments of whether guidelines comply with a standard, are referenced, or can be used 
regardless of technology (continued).
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viewing distance, but this can be expected because it is difficult to 
state one specific distance since it is heavily dependent on the size 
of the information viewed and other environmental factors.

The guidelines about limits for display placements all comply 
with ISO 9241-3 (1992), ISO 4513 (2003), ISO 4040 (2001), or ISO 
TR/16532 (2005), except from the guidelines by Diffrient et al. (1974, 
1981) for which equivalent guidelines cannot be found in the stan-
dards. The glare recommendations comply with ISO 15008 (2003) 
and all other physical installation guidelines comply with Ahlstrom 
and Longo’s (2003) Human Factors Design Standard (HFDS). The 
display locations suggested by Green et al. (1993) can be linked to 
a source as well as the guidelines on highly prioritized information by 
Ross et al. (1996) and AAM (2006) and the guidelines on physical 
obstruction by Stevens et al. (2002). European Commission (2008) 
refers to ISO 4513 (2003), ISO 4040 (2001), and ISO 15008 (2003). 
No other guidelines refer to any source material. Most guidelines 
here can be utilized regardless of display technology, except when 
it comes to parallax errors, which can never occur on a graphical 
display but only an analogue dial. Large viewing angles could also 
affect LCD displays and similar devices negatively.

Types of Display
The types of display generally comply with Ahlstrom and Longo 
(2003), except from the guidelines stating that both digital and ana-
logue information should be used side by side to enhance under-
standability. The guidelines by Heglin (1973) have no counterpart in 
the standards. None of these guidelines are entirely dependent on 
a specific technology, as long as it is presumed that a status light, 
or similar, can be simulated by, for example, a display screen. These 
guidelines have, however, no references to any source material. It 
can be noted that the guidelines stating directions for increasing 
values probably complies best with the Western world due to the 
reading direction.

Dials
The guidelines stated by Diffrient et al. (1981) have no counterparts 
in any reviewed standard. The guidelines on pointers are compliant 
with Ahlstrom and Longo (2003) as well as the placement of zero at 
nine or twelve o’clock. Ahlstrom and Longo (2003) does, however, 
suggest that zero should not be placed in any other part of the dial. 
The guidelines on number of markings and progressions are compli-
ant with the aforementioned standard. A dial is one specific type 
of information displaying technology, but if these guidelines were 
to be simulated in a flat screen as in some of today’s automobiles, 
they would still be usable. The sizes of the dials in the presented 
guidelines seem rather small since most of today’s automobiles have 
larger dials then the suggested optimal value of 7–7.6 cm, though, 
at a longer distance.
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Characters
All guidelines reporting character sizes above 24 minutes of arc are 
compliant with ISO 15008 (2003), while ISO 9241-3 (1992) toler-
ates slightly smaller characters, but this standard is, however, not 
intended to be used while driving. These guidelines are also com-
paratively well referenced since only Chengalur et al. (2004), Ross 
et al. (1996), and Shneiderman (1997) are missing references to a 
source. All other guidelines on stroke width and distance between 
characters also comply with ISO 15008 (2003). Character case and 
font guidelines cannot be compared to any standard to be used in 
vehicles, and, except from Smith and Mosier (1986), they do not 
refer to any source. As the characters category mostly contains sizes 
that are legible to the human eye, these guidelines should be usable 
with any type of technology.

Colours and Illumination
The suitable amount of colours to use varies from four to twelve, 
has no counterparts in the reviewed standard documents, and only 
about half of the guidelines refer to any source – namely Jones 
(1962), Smith and Thomas (1964), Stevens et al. (2002) and Wickens 
and Hollands (1999) – which makes it hard to draw any exact con-
clusions. The guidelines on limits for colour discrimination have no 
references and no comparable items in the reviewed standards. In all 
guidelines there is an agreement with the stereotypical colour coding 
in ISO 2575 (2004) except that Stevens et al. (2002) seem to have 
left out the colour green. However, only Ross et al. (1996) and Smith 
and Mosier (1986) give a source reference.

The more specific guidelines on display brightness and contrasts 
comply with the National Highway Traffic Safety Administration’s 
(NHTSA) (2005) Federal Motor Vehicle Safety Standards (DOT 
§571.101) and ISO 15008 (2003), but are not well referenced. No 
corresponding parts can be identified in any standard regarding 
the guidelines on illumination and only Smith and Thomas (1964) 
give a source reference. The guidelines on text versus background 
and legible colour combinations comply with ISO 15008 (2003), but 
cannot be verified by any source reference. Blinks and flash rates is 
an area where nearly all guidelines comply with ISO 15008 (2003), 
except from Markowitz (1971) who reports a slower flash rate. Also, 
nearly all guidelines can be verified by a source, except from the one 
by Shneiderman (1997). The remaining guidelines on colour cod-
ing either are the source study or give references to such a study. 
Moreover, Smith and Mosier’s (1986) guideline saying that colour 
should not be used on its own complies with ISO 9241-171 (2008). 
Reynolds et al. (1972), on the other hand, give an interesting guide-
line on colours attraction ability, but it cannot be verified. As long 
as the display technology can provide colours accurately and are 
perceived the same way regardless of situation, these colour guide-
lines can be used. Guidelines on, for example, adaptive illumination 
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and flash rates are a little more sensitive to changes in technology. 
The tests for number of discriminable flash rates are due to technical 
restrictions limited to rates below 9Hz (Mortimer and Kupec, 1983). 
Nowadays, LEDs have much faster response times and can gener-
ate proper flash rates over 9Hz. Today’s automobile displays have 
become very advanced and automobiles with full graphical clusters 
are now available on the market. However, how graphical displays 
with more advanced graphics with numerous and gradient colours 
as well as animated (moving images or video) or sequential images 
and adaptive or changing displays will affect driver performance is 
not completely understood. There is contradictory evidence as to 
whether the ends of the colour spectrum should be used or not 
(Sanders and McCormick, 1993), but until a definite conclusion can 
be made, it is better to be on the safe side and avoid these colours.

Data Density and Graphics
No reviewed standard document corresponds to the data-density 
guidelines. However, all guidelines by Helander et al. (1997) and 
Green et al. (1993) are well referenced. According to Ahlstrom and 
Longo (2003), controls and displays should be grouped in a consis-
tent way, but otherwise there are no equivalents in the standards. 
The guidelines by Ahlstrom and Longo (2003) are, however, the 
only ones in this category that do not refer to any source material. 
The guidelines on layering and separation could not be verified by 
any standard, and references can only be found for Easterby (1967, 
1970) and Helander et al. (1997). The same goes for graphics versus 
text guidelines, where references can only be found for Smith and 
Mosier (1986), Green et al. (1993), and Baber and Wankling (1992). 
These guidelines should not be affected by the choice of technol-
ogy as long as the displays are dedicated to show only one set of 
information. A whole other set of grouping may be the case if the 
displays can show multiple sets of information on several ‘pages’. 
There seem to be some contradictory guidelines regarding what is a 
good percentage of active screen area usage. The guidelines range 
from 15 to 60 per cent. This range is too large to be of any use as 
a guideline in designing displays. However, Tullis (1983) discusses 
that the value of 60 per cent is only valid in certain situations and 
therefore, a good active screen area usage should not exceed 15 to 
25 per cent. There seems to be some contradictions regarding the 
use of text or images, but their use depends on the situation. Text 
should be used if clarity is important, and images if the information 
is time critical.

Warnings
The guidelines by Chengalur et al. (2004) cannot be compared to 
any reviewed standard and are not referenced either. The other 
guidelines comply with ISO/TR 16352 (2005), except from the guide-
lines suggesting one master warning light, which, on the other hand, 
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complies somewhat with the very specific DOT §571.101 (NHTSA, 
2005). Heglin’s (1973) statement about light intensity has no coun-
terpart in a standard, but refers to a source. All guidelines should be 
usable regardless of technology. Many advanced driver assistance 
systems (ADAS) have lately made their way into the automobile, 
but there seems to be a gap in the guidelines about how specific 
systems should warn the driver most efficiently.

Attention
The guidelines on attention can be verified by neither any source 
material nor any human factor standards documents. They are, how-
ever, general enough to be used regardless of display technology.

Interaction
When it comes to interaction, all reviewed guidelines but Smith and 
Mosier’s (1986) display request time, conforms to ISO 15005 (2002). 
Smith and Mosier’s (1986) guidelines, on the other hand, refer to a 
source material. AAM’s (2006) display request time refers directly to 
the aforementioned ISO standard. The guidelines by Dingus et al. 
(1996), and the guidelines about disabling non-driving-related infor-
mation by Stevens et al. (2002) and European Commission (2008), 
also refer to sources, but none of the other guidelines in this category 
does so. Since this category is not only about perceiving information 
but also about interacting with a system, these guidelines seem to 
be heavily dependent on the technology used.

Glances
JAMA’s (2004) guideline on total task time conform to SAE J2364 
(2004): ‘the 15s rule’. However, Tijerina et al. (2000) have found re-
sults in the literature that this 15s rule is not suitable for use in driving. 
Although AAM’s (2006) guideline is not entirely comparable, it sug-
gests an even longer glance time than SAE J2364 (2004). All other 
guidelines in this category comply with ISO 15007 (2002) as they 
merely state that glances should be brief enough not to adversely 
affect driving. The guidelines by JAMA (2004) lack references, but 
all other guidelines are very well referenced. This category does not 
give any actual guidance on the design of a system, only the length 
of time the system may divert the driver. However, this makes these 
guidelines usable regardless of technology.

Driver Demographics
This part is not referenced, but complies with ISO 9241-171 (2008) 
and is independent of technology. There are, however, other consid-
erations to driver demographics. Ahlstrom and Longo (2003) state 
that systems and equipment shall be, at minimum, designed for the 
5th through the 95th percentiles of a human’s physical capabilities, 
and that design guidelines often accommodate to this range. The 
standard also states that systems should accommodate to the 
maximum range of the population, but it is not feasible to design for 
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every individual in some cases. However, accommodations could be 
made by designing for adjustability through providing special acces-
sories, or providing custom modifications, for users in the extremes 
of the population.

Conclusions
Many guidelines found in the literature have been discarded from the 
present study since they have either been considered irrelevant to 
the automobile industry or not been specific enough to give direct 
guidance to the designer. Also, it has not been possible to identify all 
relevant articles of original research, or research conducted directly 
by vehicle manufacturers, and hence not all relevant guidelines 
and principles are included. The aim of this literature review was, 
however, to examine if more widely accepted guidelines are valid for 
today’s automobiles. Most guidelines do not contradict each other, 
and there are only some directives that differ, mainly in the areas of 
data density, search time and colour spectrums. There are many 
guideline compilations that are based on parameters from other 
guideline documents. For example Stevens et al. (2002) have used 
many of the statements in Ross et al. (1996), and the European 
Commission (2008) document generally refers to ISO standards.

There are also some other considerations about referencing. The 
work of Diffrient et al. (1974; 1981) is based on anthropometrical 
studies and the publications include many references, but the spe-
cific guidelines are not referenced. This drawback is also shared by 
Shneiderman (1997), while JAMA (2004) is completely without refer-
ences. It can be concluded that nearly all of the guidelines that have 
corresponding items in a reviewed standard actually comply with the 
standard, but only about half of the guidelines have counterparts in 
the reviewed standards. It is, however, harder to verify the guidelines 
by references since only about 30 per cent refer to any source data.

The majority of guidelines should be usable even if the informa-
tion-displaying technology changes since many of them are more 
dependent on human capabilities and limitations then on technology. 
But there are, of course, also guidelines that are directly dependent 
on the technology used.

Finally, it can be said that as long as design guidelines in human-
factor literature both comply with a standard and refer to source data 
it should be safe to take it into consideration in the design process. 
If it does not fulfil these criteria, it could still give valuable guidance, 
but should be used with more caution and more thought might be 
needed to see if it fits in the actual context.

There are some areas that still require further research:

and, how the use of more advanced graphics with numerous 
and gradient colours affect driver performance. Also animations 
in automobiles could be an area for further study.



Th
e 

D
es

ig
n 

Jo
ur

na
l

4
6
9

Assessment of Automotive Visual Display Guidelines and Principles: A Literature Review

attention as it is not clear whether they increase or decrease user 
performance.

assistance systems should display time-critical warnings.
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Introduction
During the last decades digital artifacts have changed our ways of 
living and interacting with products. Computers and smartphones 
support numerous frequent activities, and are now an inherent part 
of everyday life. Similarly, the technology in cars is now taking 

and enjoyment (Walker, Stanton, & Young, 2001), which in turn 
changes what driving a car is all about. In comparison to traditional 
interfaces, today’s vehicles allow for many more functions and 
provide more information (Figure 1), and as a result vehicle 
interfaces face similar user experience issues as computers and 
mobile phones. 

One of the key challenges is thus the presentation 
and management of all the added functions and their related 

interaction and conveying a safe interaction and offering good 
overall user experience. Now, more than ever, there are great 
opportunities to offer a tailored, customized user experience for 
different types of drivers, for example by using digital displays 
instead of mechanical dials for the user interface (Walker et. al., 
2001). However, in order to offer an improved user experience, 
it is crucial to be aware of the driver’s salient needs and wants 
from the vehicle. An example is given by Don Norman (2010) 
in his book “Living with complexity,” where Norman stated that 
“The philosophy underlying human-centered, sociable design is 

use it, taking into account their true needs and wants” (p. 130). 

Similarly, Krippendorff (1989) highlighted the importance of 
understanding meaning, i.e., how people make sense of things, in 
order to understand user experience and user perception, if one is 
to design something that is meaningful to the user.

As a result, designers need to have a thorough 
understanding of the target users and their needs in order to be 
successful. However, currently used or presumed needs may be 

needs. It is also generally known that most users cannot directly 
express their needs regarding a product, service, or experience 
(Patnaik & Becker, 1999; Laurel, 2003), especially with today’s 

needs is challenging is that while a need can be relevant to a 
function or feature that is present, a need can also exist when a 
function or feature is lacking. (Van Elslande & Foquet, 2008). 
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is not visible, however becoming obvious once it’s addressed. 
Needs are also very personal. It is not likely that a person that 

Evidently, there is a need (sic!) for methods that can elicit 
expressions of salient user needs, primarily targeted towards the 
user’s interaction with the vehicle. Commonly used methods are 
market research-oriented, e.g., surveys and focus groups, but these 
are more suitable for mapping preferences for readily existing 
choices and may miss the needs that the user cannot articulate 

towards interaction. Another approach is to see how individuals 
perceive and evaluate products or prototypes, but again, missing 
needs may be overlooked (Hassenzahl & Wessler, 2000). Another 

is to explore the design space that a certain product conveys, i.e., 

being made.

Purpose
The purpose of this paper is to identify and present prominent 

future vehicle concepts, using future workshops in combination 
with a repertory grid technique. 

Methodological Approach

One of the primary goals of this study was to minimize 

something other than their innate beliefs and opinions, while 
still allowing them to focus on issues of interest. Two methods 
were utilized for the purpose of eliciting the user’s needs with 

the participants populated two pre-designed futures that focus on 
technology and trust, and then used them as inspiration to design 
future vehicles while inscribing desired needs and features into 
them. The resulting features were then consolidated into textual 

the repertory grid technique (RGT) (Fransella, Bell & Bannister, 
2004), where the textual prototypes from the future workshops 
were used as input elements. Here, participants compared the 
vehicles, and their comments (called constructs in RGT) were 
then semantically analyzed and categorized with the purpose of 
consolidating the results into dimensions of user needs. These 

automotive design. The proposed method had already been tested 
by the authors with positive results, as presented in Normark & 
Gkouskos (2012). The sequence of the approach is illustrated 
below (Figure 2):

Dimitrios Gkouskos is a PhD candidate at the Interaction Design Division in 
the department of Applied IT at Chalmers University of Technology. His major 
research interests include applied user experience in different contexts of use, 
designing for emotions, and creativity research. He is currently working for the 
EFESOS project, with the aim to improve in-vehicle interactions by gearing the 
design of such systems towards positive user experience.

Carl Jörgen Normark is a PhD student within Industrial Design at the division 
of Innovation and Design at Luleå University of Technology. His major research 
interests include human centered design, user experience, and various usability 
issues. He is currently working for the EFESOS project with personalizable 
vehicle interfaces, and was a part of the OPTIVe project.

Dr. Sus Lundgren is Senior Lecturer and Director of Studies at the Interaction 
Design division in the department for Applied IT at Chalmers University of 
Technology. Her major research interests are: new ways to interact with digital 
content on mobile devices; design methods; and gameplay design, preferably 
in combination.

Figure 1. Increase of driver information.
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Future Workshops

used to transform a current, or a problematic situation, into a 
preferred one. It can also aid in shifting the participant’s focus 
from current problems to imagining alternative solutions by using 
creative thinking. This can be valuable when the goal is to generate 
ideas for new technology instead of incremental problem solving. 
Jungk and Müllert’s method comprises the steps of: addressing 

that the participants are situated in an exaggerated perfect world 
where everything is possible (Apel, 2004; Drewes Nielsen, 
2006), getting away from inherent boundaries and restrictions; 

The futures can also be enhanced by scenarios (Drewes Nielsen, 

be discussed and addressed in design. Scenarios provide a way 
to understand how the inhabitants of the future will act, as well 
as what they will experience and what their goals are (Carroll, 
2000). They can also serve in disconnecting the participants from 
former experiences of technology and the contexts in which it is 

be used in. 

Workshop Procedure

The purpose of the workshops was to enable the participants to 
suggest future vehicles and characteristics of future vehicles. Two 
workshops were conducted in Gothenburg, Sweden, and two in 
Luleå, Sweden. The participants were a mixture that included 
both M.Sc. design students with none or little driving experience 
and professionals with many years of experience in both driving 
and in design related research. (Table 1). 

The workshops adopted the Future Scenario Workshop 
agenda (Drewes Nielsen, 2006), but focused mainly on the 

by imagining how vehicles would be like in the future. The 
researchers constructed two different future scenarios in an 
iterative cycle featuring a pilot study and an expert evaluation. 
The futures were designed with a focus on issues relevant to trust 

in previous research (Muir, 1994; Muir & Moray, 1996; Walker 

Nilsson and Fältholm (2011) was also employed. The future 
scenarios were presented to the participants of the workshops in 
a randomized order:

Dystopian Future: 25 years have passed since 2011. In 
this time, the automotive industry has evolved in a pace 

millennium. The vehicle users of 2036 have really adopted 
the technological advancements in the vehicles, especially 
the autonomous driving and automatic trip planning 
where a minimum of effort is put into transportation 

massive damage and uncountable accidents. During the 
investigation of the crash, the system is shut down. People 
lost trust in the system. A movement for independence 
from automation and the system has started among people 
when they realize that they can’t go anywhere without the 
system. Public transport is reserved only for emergencies. 
Most people could not operate vehicles, and so they have 
started to learn how to do so again. They look back on 
pictures of their parents’ vehicles parked in their driveways 
and wish that they could use their vehicles just like they did.
Utopian Future: 25 years have passed since 2011. In 
this time, the automotive industry has evolved in a pace 

Figure 2. Methodological Approach. 

Table 1. Workshop information.

Workshop 1. Gothenburg 2. Luleå 3. Gothenburg 4. Luleå

4 6 6 5

Participants 3 Interaction Designers and 
1 Interaction Design PhD

2 non driving students and  
4 university employees that drive

1 Vehicle researcher and  
5 design students

People knowledgeable in 

Mean age 25.6 years 38 years 33 years 42.8 years

Mean driving experience 10.3 years 18.8 years 13.3 years 24.8 years

Workshop Duration 3 hours 3 hours 3 hours 3 hours
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millennium. The coalition founded by dominant political 
forces around the world has promoted great technological 
advancements in order to minimize pollution and greatly 

new breed of vehicles is viewed as more than just a means 
of travelling to places. Individual transportation and being 
eco-friendly is very popular and is also seen as a sign of 

exist anymore.
The scenarios were different enough to allow for very 

one of the workshops, the presentation of the futures was enough 
to stimulate discussion. In three of the workshops a subsequent 
task—a light version of a scenario—was used in order to further 
encourage discussion among the participants. The task consisted 
of: driving to a nearby shopping mall and buying a large wedding 
gift; and transporting the gift to the wedding, which was situated 
in a town 300 km away. All workshops followed the same steps:
1. Introduction Phase: Here, the future was presented to 

the participants. 
2. Critique Phase: Discussion and critique concerning the 

future world took place, to get the participants on equal 
footing and ensure that they all were discussing the same 
issues. Possible problems and critique on elements of the 
presented future were elicited here. The future was populated 
and one major topic—how are vehicles used in this future?—
enriched the rather short description.  

3. Phantasy phase: In this step, the creation of vehicles that 
would be suitable for this future took place. The subsequent 
task was presented in this phase only if the participants were 
stuck and needed more inspiration. This phase involved 
creative methods such as a brain-writing pool exercise, where 
the workshop participants spent a few minutes writing ideas 

future scenario. The participants were allowed to work 
freely and express themselves in whatever way they wanted. 
The workshops resulted in a number of ideas for vehicle 
concepts that were written down on templates (Figure 3). The 

concepts after the workshops, so they would be comparable 
to each other. 

4. : A laddering interview (Reynolds & Gutman, 
1988) with the group was conducted in order to elicit 
information about the participants’ rationale for including 
particular functionality in the vehicle concepts. The 
participants were asked about the functions and attributes 
they had chosen for the concepts. To dig deeper into the 

questions were raised with the participants concerning their 
answers. This gave insights into underlying needs that were 

proposed. This part helped to ensure that the researchers had 
understood the workshop participants’ intentions, and was 

Workshop Analysis and Outcomes

Since some workshop groups produced more than one vehicle 
concept per future, there were a total of ten templates that 
described features and characteristics of future vehicles designed 
by the participants (Figure 3). However, some of the characteristics 
were very similar across different templates. Since one of the 
prerequisites for a successful use of the Repertory Grid Technique 
is that the input elements need to be as dissimilar as possible 
(Hassenzahl & Wessler, 2000), features and characteristics from 

concepts by the research team (Figure 4). The concepts were 
then formatted in the same way and adjusted so that they had 
comparable lengths and a comparable amount of detail. A short 
narrative was also written for each concept in order to summarize 
the main idea behind the concept.

The Repertory Grid Technique 
The repertory grid technique (RGT) originates from the personal 
construct theory (Kelly, 1955), which is a theory of human cognition. 
The main assumption is that an individual’s understanding of the 
world consists of dimensions of similarities and differences called 
personal constructs. These are created through the comparison of 
objects (Kelly, 1955) and form bi-polar scales.

In association with this, the RGT has been used for 
eliciting user experiences associated with technological artifacts. 
In short, RGT builds on Kelly’s (1955) idea that for all objects 
each person has their own set of notions that is relevant for them. 
For example, when it comes to a dishwasher, Robin may be very 
interested in aspects related to noisiness and economy, whereas 
Kim is more interested in environmental aspects. Some constructs 

e.g., how fast the machine works, or that it is self-cleaning. 
These internalized expressions of needs can be discovered when 
making comparisons, by having to motivate how one artifact is 
different from the other, since this shifts the focus on evaluating 
and comparing properties. Within RGT, a common way to 
conduct comparisons is the triadic approach, where the participant 
compares three artifacts called elements (a triad) at a time and 

Figure 3. Workshop and workshop results.
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is asked to describe a property shared by two of them but not 
the third element. Then, the participant is also asked to state 
the opposite of this property. The resulting properties become a 
bi-polar scale called a construct (Fällman & Waterworth, 2010; 
Heine, 2009) and represent notions that matter to the participant. 
For example, if the characteristics used are “hot” and “cold,” then 
the construct can be called Temperature.

The RGT has proven to be useful for knowledge acquisition 
(Normark & Gkouskos, 2012; Shaw, 1980; Shaw & Gaines, 1995). 
It is especially useful when considering the user’s perceptions, 
needs, beliefs, and attitudes in the design of a product, and can also 
be used to map differences between artifacts, as well as similarities 
and differences within individuals or groups of participants 
(Hassenzahl & Wessler, 2000). The RGT is also useful in several 
contexts for eliciting individual experiences and meanings in 

computer interaction (Fällman & Waterworth, 2010). Moreover, 
the RGT can be used both as a tool for inspiration, and as a tool to 
acquire a valid and reliable representation of the user experience 

process (Karapanos & Martens 2008). The method takes a holistic 
view of investigating user experience rather than experimenting 
on isolated parameters (Fällman, 2006). In conclusion, the RGT 
is a suitable and tested technique for exploring artifacts from a 
user perspective. 

views, and it can do this with different levels of researcher 
involvement, ranging from the researcher deciding both which 

elements to put into the method (what to compare) and which 
constructs should relate to them, to allowing the participant to 
decide both of these aspects and, thus, minimizing researcher bias 
(Alexander, Van Loggerenberg, Lotriet, & Phahlamohlaka, 2008; 
Fällman & Waterworth, 2010). 

The repertory grid consists of columns of elements and 
rows with a repertoire of the participant’s personal constructs, 
which represent the meaning and experience the participant 
sees in the artifact (Fransella et al., 2004). Therefore, the grid 
represents a personal construct system that forms a map of how 
people think, perceive, and learn (Jerrard, 1998). In order to better 
understand the RGT data, researchers can conduct qualitative 
semantic analyses based on the participants’ descriptions of the 

between constructs and elements. By comparing and classifying 
constructs, one can form groups of constructs or artifacts that 
seem to share the same meaning. As a result, a generalized view of 
meaning can be mapped (Tomico, 2009) which can form a basis to 
aid designers in their work. 

RGT Procedure

user needs related to vehicle driving in the form of constructs, and 
to compare and group these needs into a more generalizable set of 
user need dimensions, which can be used by designers in a user 
centered design process.
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The study used the conceptual vehicles from the workshops 
as input to the RGT. However, construct creation was user-driven 
in order to elicit the most important aspects regarding these 
conceptual vehicles and also driving in general. A web survey 
format was chosen in order to get a large number and a broad 

completed within 20 minutes, according to pilot testing, and 
the web format allowed participants to choose their own time 
for completing the survey. The criterion for participating in 
the survey was to possess a valid driver’s license. Google Ad 
Words was used to advertise the survey in order to reach out to 
respondents in Sweden, and e-mail invitations were also sent 

the survey correctly. Twenty six of the participants were females 

was 42.6 years, with an average driving experience of 22.5 years, 
and a reported estimate of computer usage of more than 20 hours 
per week.

The web survey procedure was executed using the triadic 
construct elicitation and rating: (Fransella et al., 2004) and featured:
1. General demographic questions.
2. 

or characteristic that was shared between two of the concepts 
and, thus, differentiating them from the third concept. They 
then marked these two concepts and described the similarity 
with a word or short sentence. The participant was also 
asked to describe what he or she believed to be the opposite 
of this similarity.

3. In the next step, the participant was asked to rate each of 

corresponded to the constructs that the participant had 
recently created. This was done by choosing the number of 
stars that would correspond to a certain rating in the construct 
matrix (Figure 6).

Figure 5. Construct elicitation process.

Figure 6. Element rating process.  
No stars: vehicle does not at all correspond to construct. 6 stars: vehicle fully corresponds.
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Analysis and Results

The aim of the analysis was to organize the data elicited from 
the participants in a way that could be used to aid the design of 
automobiles. Once the 390 constructs were collected, they were 
consolidated into fewer groups and analyzed in terms of their 
frequency, how original they were, and how easy they were 
to evaluate. 

Merging Constructs into Construct Dimensions

The aim of the initial analysis of the grid data was to lift the 
constructs from the individual and idiosyncratic levels to a more 
generalized view comprised of underlying patterns that emerge 
when all constructs are compared together (Hassenzahl & 
Wessler, 2000). 

dimensions of constructs that share similar meanings within and 
between participants, and to group and structure these meanings 
in a comprehensive way. Conventional content analysis (Hsieh 
& Shannon, 2005) was used to transform the data from single 
idiosyncratic constructs to dimensions of related meanings. All 

categorized in this step. Several similar bi-polar construct scales, 
such as “autopilot-drive yourself” and “automatic-manual,” 

into the same dimension, in this case, Automation. Having let 
each participant describe both poles of a construct was of great 
use when ruling out constructs that seemingly have the same 
meaning, but where the opposite pole may indicate otherwise. 
Two researchers did this categorization independently and the 
results were compared. The researchers reached an inter-rater 

k 

satisfactory. The constructs that were not categorized in the same 
group by the researchers were regrouped upon agreement. In total, 
19 need dimensions were found. 

Further data analysis

When interpreting the need dimensions, several different measures 

in the concept description, the data was also analyzed to see 
whether the resulting constructs could be considered to be original 

constructs were chosen to represent the most salient features of 
the future vehicle concepts. Moreover, Tomico’s (2009) measures 
of dominance, importance, and descriptive richness were used 
as well as Hassenzahl and Wessler’s (2000) types of evaluative 
or descriptive constructs. The use of such taxonomies allowed 
for merging information from individual grids into dimensions 
with the idiosyncratic views still preserved. By expressing the 
information in several dimensions it was easier to understand how 
the participants had perceived the elements, and subsequently to 
understand which attributes were most valued by the participants 

Construct originality

Since the future vehicle concepts were described textually, it was 
convenient for some participants to scan the concepts looking for 
the same word occurring in two of the concepts and choosing this 

In order to check for this practice, an analysis was conducted. The 
purpose was to test whether constructs were directly transferred 

some other information not explicitly described in the concept 

Figure 7. Dimensions Sorted by Originality.
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description, i.e., having a high degree of originality. Since the 
scope of this study was to elicit information from automobile 

original information was the focus of attention.

Dominance

dimension over the total sample of 390 constructs (Tomico, 2009). 

more salient than other characteristics.

Evaluative ability

The data was analyzed in order to investigate whether the 
constructs are suitable for direct input during the design process. 
Hassenzahl and Wessler (2000) distinguished between three types 
of constructs: Descriptive; Evaluative and useful for artifact 
selection; and Evaluative and useful for artifact redesign without 
the need for further analysis. In the present study the constructs 
could however be described as being either Descriptive or 
Evaluative, since there were no constructs that could directly 

feature, e.g., blue–green, whereas an evaluative construct can 
tell whether a feature is desirable or not, e.g., good–bad, or 
delightful–miserable. A feature with a high score in the desirable 
pole is then a candidate for inclusion in the development process. 
Highly evaluative constructs can be used to inform design 
decisions. In this study 45.9% of the constructs were found to 
be evaluative, whereas 54.1% of the constructs were found to be 
descriptive in nature.

Descriptive richness

Descriptive richness describes whether all the constructs that 
make up a dimension present a rich description of its inherent 
meaning. Tomico (2009) considered dimensions containing 
many unexpected or dissimilar constructs as having high 
descriptive richness. In this study, however, a slightly different 

different types of constructs; negations ( ), 
opposites (“Automatic–Manual”), and non-contiguous 
constructs, where the construct poles do not explicitly represent 
each other’s opposite ( ). Karapanos 
and Martens (2008) consequently argued that if the scope of the 
study is to inspire design, rather than to evaluate the perceived 
user experience stemming from a product, a high percentage of 
non-contiguous constructs is desired, since they are believed 
to give more insight into design qualities connected to product 
attributes. The current study displays a ratio of about 63% opposite 
constructs, 28% non-contiguous constructs, and 9% negations. 
Since the non-contiguous constructs are considered having a 
high descriptive richness in relation to the other constructs, the 
percentage of non-contiguous constructs in a dimension makes up 
the Descriptive Richness measure for that dimension.

A combination of measures

The evaluative ability and descriptive richness measures that are 
present in Table 2 indicate types of user research that are suitable 
for exploring a need dimension. This can be especially valuable 
in industrial applications when identifying needs and desires 
of a target group is of importance. Need dimensions with high 

Table 2. Dimensions of constructs and their distribution among measures.

Construct Dimension Originality Dominance Evaluative ability Descriptive richness

Control Highly Original 10.0% 18.0% 42.0%

Versatility Highly Original 7.4% 34.0% 96.0%

Safety Highly Original 4.1% 63.0% 50.0%

Driving Pleasure Highly Original 3.3% 85.0% 62.0%

Freedom of Choice Highly Original 2.6% 100.0% 80.0%

Self-image Highly Original 1.5% 33.0% 66.0%

Fairly Original 5.9% 95.0% 38.0%

Simplicity Fairly Original 5.4% 90.0% 48.0%

Technology Fairly Original 3.8% 60.0% 94.0%

Interaction Fluency Fairly Original 3.3% 77.0% 62.0%

Comfort & Convenience Fairly Original 3.1% 83.0% 100.0%

Driver Support Fairly Original 2.3% 67.0% 88.0%

Environmental Impact Fairly Original 1.5% 83.0% 66.0%

Automation 17.4% 22.0% 36.0%

Ownership 14.4% 18.0% 32.0%

Personalization 5.4% 52.0% 96.0%

Trip Context 4.1% 13.0% 38.0%

Calmness 2.3% 100.0% 22.0%

Connectivity 1.5% 83.0% 100.0%
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descriptive richness can be explored with user research methods 
that produce narratives, such as open-ended interviews and focus 
groups, in order to capture the personal meanings behind the rich 
concepts that are being explored. Dimensions with low evaluative 
ability are also best explored with narrative in order to understand 
the reasoning behind the existence of these types of dimensions, 
whereas dimensions with high evaluative ability can be explored 
with surveys, questionnaires, or other Likert type methods. The 

richness, and then by evaluative ability.

Summary of results and description of dimensions

similar meaning, are presented below. They are categorized by 
originality, e.g., dimensions are “original” in the sense that they 
are so strongly present in users’ minds that they appear despite 
not being hinted towards rather than in the sense of being new and 

presented in the descriptions.

Highly Original Dimensions
These are need dimensions that were found highly original, i.e., 
consisting of constructs made up of words that were not directly 
taken from the concept descriptions.

Control

This dimension is in close proximity to Automation. The included 
constructs raise concerns regarding who is in control and who has 

though most constructs in this dimension are more descriptive 

was a concern regarding who is controlling the vehicle among 
many participants, as opposed to the Automation dimension, 
which merely states that a concept contained automatic features. 
The data does not show whether most drivers strive for increased 
control over the vehicle or if they happily hand the control over to 
something they feel can handle the task better. However, control is 
an issue that should be dealt with carefully in design.

Versatility 

Versatility refers to whether the vehicle was characterized solely 
as a means of transportation or whether the vehicle had the 
capacity to be used for other reasons. Examples of such reasons 
were joyriding, driving in order to improve one’s driving skill, or 
working while driving. This dimension is fairly evaluative and 
has a high descriptive richness, which would imply that vehicles 
and travelling have different meaning to different drivers, and that 
people use their vehicles for different purposes.

Safety

This dimension relates to the vehicle’s level of safety and is 
clearly evaluative since few would choose an unsafe car over a 
safer alternative.

Driving pleasure

This need dimension relates to whether the vehicle is fun to 
drive, or not, and is evaluative in its nature. Most constructs in 
this dimension suggest that several participants would rather 
drive a vehicle that is fun to drive as opposed to one that creates 
discomfort. This dimension also highlights that a vehicle might 
evoke emotions, and can be viewed as something more than just a 
means of transportation.

Freedom of choice

This dimension relates to the driver’s freedom of choice. Example 
constructs are “Spur of the moment - Strictly follow the protocol” 
and also “Freedom of choice–Public transport.” This dimension 
is clearly evaluative, and implies that the participants strive for a 
high degree of freedom in their transportation.

Self-image

This dimension describes viewing the vehicle as a status symbol, 
which could be one important aspect of the personal automobile. 
This is a descriptive dimension.

Fairly Original Dimensions

These construct dimensions contain words that might be taken 
directly from one concept and constructs that represent an element 
that one of the concepts strongly implied. 

“Saves time–Wastes time.” This dimension, 
however, outlines one important aspect that the participants would 
like to see addressed in future vehicles; namely that the driver (or 
passenger) values his or her time highly and would not easily trade 

possibility to do something more productive.

Simplicity

This construct dimension relates to the vehicle’s ease of use, but 
can also relate to technological parsimony. This dimension is 
highly evaluative when ease of use is discussed and, thus, infers 
that people prefer simple options to complex ones that might be 
more confusing.

Technology

This construct dimension relates to the vehicle’s level of 
technological solutions. Constructs within this dimension can 
be both descriptive and evaluative, since it is hard to tell if the 
participant readily embraces technology or is reluctant to use 
it. However, the constructs clearly describe low technology as 
something of the past as can be seen in the example “Focusing on 
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technology–Old fashioned” and “Technology dense–Technology 
poor,” which would hint that the functions technology provides, 
such as active safety systems, are considered positive.

The constructs in this dimension highlight what many users 
referred to as “smooth–clumsy or complicated.” This is both 
a descriptive dimension as it describes a smooth, seamless, 
and intuitive interaction with the vehicle and an evaluative 
dimension, since users would prefer a smooth interaction to a 
complicated one.

Comfort & convenience

This dimension contains constructs that convey whether the 
vehicle concept conveys a comfortable ride with convenient 
features as opposed to a less comfortable, more rigid experience. 
The dimension has an evaluative nature and suggests that 
people do not want any unnecessary trouble during their trips. 
Example constructs are comfortable–uncomfortable, and 
convenience–complexity.

Driver support

This construct dimension includes constructs related to support 
systems that help the driver, such as “Caretaking–Independent” 
and “Degrades the driver–Inspires and raises the driver.” The 
descriptive content of this dimension makes it hard to draw any 
conclusions as to whether driving support is sought after or not, 
but the fairly original nature would imply that safety systems are 
of interest to the participants.

Environmental impact

This construct dimension describes the level of environmental 
friendliness the vehicle conveys. “Environment friendly–Energy 
wasting” is an example construct. This is an evaluative dimension 
with high descriptive richness, which conveys a broad spectrum 
of factors that make a vehicle harmful to the environment.

These dimensions might be mentioned in the concept descriptions, 
but still raise important issues for vehicle design.

Automation

This construct dimension relates to how the participants 
perceive the vehicle’s level of automation. This dimension has 
a descriptive nature, with the most common construct being 
the “Automatic–Manual” construct. This is the most dominant 

descriptions, where most of them turned out as highly automated 
vehicles in different levels. Automation is of course related to the 

Ownership

This construct dimension includes constructs that are relevant to 
vehicle ownership by individuals as opposed to being communal. 
Carpools, public transports, rental services, or the possibility to 
purchase services to use a vehicle all belong to this group. This 
construct dimension is mostly descriptive.

Personalization

This dimension relates to the vehicle’s ability to be customized 

constructs included have a descriptive nature and high descriptive 
richness. Example constructs are personal–impersonal, 
individually adapted–standard, and adaptabl–locked.

Trip context

This dimension includes constructs that discuss the context of a 
trip. Examples are road type, i.e., rural vs. city, or driving distance, 

descriptive dimension.

Calmness

This dimension mostly contains constructs related to stress and 
relaxation, which would imply that the participants seek a more 
relaxed automobile travelling experience. The dominant construct 
of this dimension is calm-stress. This is both a descriptive and an 
evaluative dimension.

Connectivity

This is a descriptive dimension that encompasses constructs 
regarding vehicles connected to each other or to a synchronized 
transportation network. Example constructs are “Connected to 
others–Individual solution” and “Synced–Out of Sync.”

Discussion

methods used in the workshops and in the RGT, with the aim 
to highlight issues that affected the outcome, and secondly a 
discussion of user needs and how these need dimensions can 
be used. 

Workshop Discussion 

Designing in, or for, a future can be of help for providing novel 
features for vehicles. In turn, this meant that participants in 
the RGT were not biased by advertising campaigns, or other’s 
opinions, which would have been the case if existing cars had 
been used. In addition, this approach made users relate to 
features that do not yet exist, and helped in addressing larger 
issues regarding sustainability, automation, trust, etc. However, 
designing future workshops is a delicate process, where the 
workshop designers must be aware of how their futures affect the 
outcome. One possibility is to ask the participants to create the 



www.ijdesign.org 69 International Journal of Design Vol. 8 No. 1 2014

D. Gkouskos, C. J. Normark, and S. Lundgren

with the disadvantage of making the participants responsible for 
determining areas of focus by themselves. Providing pre-made 
future scenarios is a way to steer participants towards issues 

minimize the workshop time, but one must still set aside time 
for participants to discuss, debate, and ultimately customize 
these futures in order to have a shared understanding. In the 
present study, the future scenarios focused on issues of trust and 

research (Walker et. al., 2001; Muir, 1994; Muir & Moray, 1996). 
The focus on technology and trust can be seen in how the 

vehicles designed for the utopian future were very automated 

vehicles designed for the dystopian future were self-contained 
due to lack of trust in technology as described in the future 
scenario. Only using a utopian future would leave the trust 
issues unexplored.

The choice of participants also affected the outcome. Using 
domain experts can be very valuable, since they may have a full 
overview of the design space. On the other hand, their extensive 
knowledge might limit them at the same time. Using “users” as 

needs and wants in a way that experts and designers sometimes 
cannot envision.

RGT Discussion

The effectiveness of the RGT has been thoroughly discussed in 
multiple studies, i.e., (Normark & Gkouskos, 2012; Fällman, 
2010). Creating an online survey format had the advantages of 

and ensuring that participants could complete the study from the 
convenience of their chosen location, without feeling pressure 

are aspects of the participant responses that may not have been 
documented by the web survey, but could have been documented 
in face-to-face interviews. 

The vehicle concepts that were used in the RGT were 
described in text only in order to avoid constructs related to form, 
color, etc., since interaction and functionality was of interest 
rather than appearance. The aim was to encourage participants 
to envision their ideal versions of human-vehicle interaction for 
each of the concepts. However, written descriptions need to be 
short and focus on the most important properties, thus bringing 
a forced prominence of certain terms or words. Using words as 
both an input and output response can therefore be somewhat 
troublesome. Then again, the fact that certain vehicle features 
are prominent in the elements does not exclude them from being 
important dimensions in the RGT-participants’ minds, since 
they obviously were important to the participants that designed 
them. Moreover, when using words as input it is easy to track 

given a broad enough picture of the need dimensions. However, 

being important when considering needs in automobile driving, 
which would yield a slightly different set of user need dimensions. 
The analysis of the constructs was made semantically in this 

construct ratings in relation to the elements, a statistical analysis 

for example WebGrid. This was, however, not of interest in this 
study since the elements were not in focus.

of need theories. Sheldon, Elliot, Kim, and Kasser (2001) have 
provided an excellent summary of prominent need theories. In 
short, needs are “particular qualities of experience that all people 
require to thrive” (p. 325). Max-Neef, Elizalde and Hopenhayn 

are important in the understanding of people, they are abstract and 
can be hard to design for. In the present study we have uncovered 
need dimensions. These dimensions can better guide designers to 

can target qualities of experience that people desire. Thus, the 
dimensions are a lens with which universal needs can become 

teams. To our knowledge there are no other studies that look at 

interaction context.

Application of the Results 

The evaluative ability and descriptive richness measures can 
inform user research by indicating the types of methods that 
are appropriate in order to investigate a dimension. Dimensions 
with high descriptive richness numbers represent a wide variety 
of terms and should be explored using narratives, such as open-

diversity within these dimensions. Regarding the dimensions 
with high descriptive richness, the ones with high evaluative 
ability have a clear positive pole, whereas the ones with low 
evaluative ability do not have a clear preferred pole and thus are 
the most diverse between each user. As for the dimensions with 
low descriptive richness scores, the ones with low evaluative 
ability do not have a clear preferred pole but can be explored via 
surveys since their meaning is homogeneous among participants, 
while the ones with high evaluative ability can be considered as 
desirable and therefore should be designed for. The threshold for 
characterizing a dimension as having a high or low amount of 
these two measures must be decided by the design team, and also 
lends itself to becoming a research question for future research.

themes of interest that can be the focus of future designs and 
research. To this end, the authors conducted conventional content 
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analysis on the construct dimensions (Hsieh & Shannon, 2005). 
This produced three themes that were specialized and focused on 
vehicle-human relations. Each theme along with its constructs 
could be used in order to focus design teams on the issues raised 
by the corresponding theme. 

like Technology, Driver Support, Simplicity, Automation, and, 
most interesting, Control, where participants clearly expressed 
considerations regarding who should be in control. 

The second theme is related to the freedom of choice that 
people want to have with their vehicles as seen in the constructs 
Freedom of choice and Versatility. The vehicle can be seen as 
something else than just a means of transportation and include 
elements of work places, social spaces, recreational spaces, and 
so on.  As such, Versatility is coupled to Comfort & Convenience, 
since they both focus on the ride being pleasant rather than edgy 
and intensely focused on driving. Personalization is also relevant 
to the freedom of choice, in the sense that the vehicle adapts to 
its user’s needs, but also in that the user can adapt the vehicle in 
relation to arising needs.

The third theme is related to the vehicle as being a part 

dimensions Ownership; should we own our vehicles or should 
there be a public pool? Connectivity is also relevant in the sense 
that we can imagine vehicles communicating with each other, 
avoiding crashes and forming caravans on highways, or with a 
larger system that provides public vehicles on demand.

In conclusion, The RGT produced a wealth of information 
in the form of 390 constructs. These constructs outline important 
aspects of human vehicle interaction that can be viewed as 
inspiration to the design of future vehicles. One approach is to 

them – here, exploring automation and control issues in vehicles 
is particularly promising given the increased interest in diver-
less cars. Some of the dimensions, as strong as they may be, are 
already considered in the design process, e.g., Driving pleasure, 

 etc. These 
are comparably “easy” to design for since users tend to agree on 

very rewarding to explore dimensions with low evaluative ability 
where users are ambivalent, especially if taking the dimensions 
to their extremes. One example can be seen in the Ford SYNus 
concept car (Ford Motor Company, 2005), an ultra-safe city car 
inspired by safes and bank vaults, which could be turned into a 
social space, e.g., by turning front seats backwards and by having 
a built-in widescreen display instead of rear window allowing 
for pleasant conversation, watching movies, or playing games. 
As such it expresses extremes within the dimensions Safety, 
Versatility, and Personalization. Moreover, the need dimensions 
along with their measures of descriptive richness and evaluative 
ability can be used as a means to select appropriate methods of 
user research, and within design, they can be used as a checklist 
in the design process to see if all user need dimensions were taken 
into consideration. 

Future Work

The concepts from the workshops need to be compared to other 
vehicle concepts and to production cars in order to ensure that the 
same set of need dimensions emerge. The same goes for testing 
the procedure on differrent types of people. The threshold for 
characterizing a dimension as having a high or low amount of 
evaluative ability and descriptive richness also requires further 
research.  Another important future step is to obtain insight into 
what might be different user clusters or dimensions with similar 
salient needs. These user clusters would allow designers to be able 

applicable for vehicle designers in their everyday work, steps 
need to be taken in order to develop design methods that can work 
well with needs and need dimensions.

Conclusion
The combination of methods employed in this study provided a 
tool that allowed for a deeper understanding of the user’s needs 
and wants from a vehicle and into the user’s personal priorities 
and beliefs regarding transportation. Similarly, the combination 
of Future Workshops and RGT could be used to explore 
other domains. 

Nineteen listed construct categories, i.e., need dimensions, 
have been discerned: Automation, Calmness, Comfort & 
convenience, Connectivity, Control, Driver support, Trip context, 

Self-image, Simplicity, Technology, and Versatility. These suggest 
several important dimensions that need to be explored in design, 
and some of the measures also indicate how to explore them. 
They also point towards larger issues: e.g., how the control over 

a larger system; the car as a multi-tool instead of “just” a means 
of transportation; and, lastly, the car as being a connected part 
to a greater whole. Addressing these dimensions and the issues 
they point towards may be the difference between creating 

personal, and potentially more positive user experience. 
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1 Introduction 

1.1 Functional growth in automobiles 

Automobiles today stand on the verge of a technological transformation. From 
mechanical dials that display necessary information to the driver, to fully graphical 
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computerised displays (Normark, 2009). Vehicles today offer more and more 
functionality from the in-vehicle systems which provide infotainment and navigation, for 
example, and also from handheld or portable devices such as smartphones, music players, 
and additional navigation aids. The driver brings these into the vehicle with the intention 
of using one or more of them while driving, despite the additional devices increasing the 
number of things the driver is then required to pay attention to (Horrey et al., 2009). This 
trend shows that the functional growth in the vehicle is due not only to technology push 
on the part of the vehicle manufacturers, but also a result of the driver’s voluntary use of 
a number of devices while driving. Integration of these portable or nomadic devices is, 
however, shown to benefit driving safety (Kauvo et al., 2006). A shift from mechanical 
dials to computerised screens is in line with this integration of nomadic devices, as these 
computerised displays offer near limitless possibilities to display a wide variety of 
different information to different drivers and in different situations or contexts. The 
possible downside is that computerised displays may lead to overly complex interfaces, 
featuring a plethora of more or less unnecessary information. 

1.2 Personalisation as a solution to overly complex interfaces 

The inherent problem with adding more functionality to any sort of system is that,  
while it may be useful for a portion of all users, for the rest it may be superfluous, 
irrelevant or even a hindrance. Conversely, removing external controls or system 
functions to construct a simpler interface may impair the user experience for many users. 
Personalisable human-machine interfaces (HMIs) have the potential to bridge these issues 
while supporting a safe and flexible driving environment and a good user experience. 
Personalisation is defined by Blom (2000) as the process of changing a system’s 
functionality, interface, information access or content to increase its personal relevance to 
the user. According to Tractinsky et al. (2011), there is a trend towards a change in 
vehicle HMIs as customers come to expect personalised and aesthetically designed 
vehicle HMIs. Furthermore, Tractinsky and Zmiri (2006) state that many people actively 
choose to deviate from a standard interface if the option is available. 

1.3 Potential benefits of personalisable interfaces 

The potential benefits of personalisable car HMIs, and the reasons to strive towards them, 
are many. Firstly, an individual’s needs and desires can be addressed (Fan and Poole, 
2006). The user can personalise the product according to their individual preference in 
order to address goals related to both appearance and utility (Blom and Monk, 2003;  
Van Velsen, 2011). The aim of utility-related personalisation is to improve a product’s 
functionality or ease of use, while personalising the appearance addresses the user’s taste, 
preferences and identity. Both of these approaches can have an impact on the driver as 
they display a wide diversity (Desmond and Matthews, 2009), as well as varying needs 
(Normark and Gkouskos, 2012) and tastes (Tractinsky et al., 2011). The option to 
personalise or tailor the vehicle’s interface to suit the needs of a specific driver can 
reduce the amount of information (Van Velsen et al., 2008), decrease the feelings of 
discomfort that are related to unwanted functions, and create a better match with the 
driver’s mental model (Bianchi Piccinini et al., 2012), and, hence, create a more pleasant 
driver experience. 
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1.4 An emotional side to personalisation 

Mugge et al. (2009) conclude that the act of personalisation creates an emotional bond 
between the product and the user. According to Mahlke (2008), user experience is a 
composite of instrumental qualities, such as aesthetics and haptic qualities, and  
non-instrumental or hedonic qualities, such as emotions and subjective feelings 
(Hassenzahl, 2001). In the specific case of personalisable systems, Fan and Poole (2006) 
argue that designs which combine function and form as well as productivity and 
entertainment have a better chance of fulfilling the user’s needs. Norman (2004) argues 
that pleasure can give support to functionality and usability and can be more important to 
the success of a product than practicality. Thatcher (2012) has provided a theoretical 
framework for affective human factors design that includes a number of factors to 
account for why emotion or affect heightens the experience of product adoption and use. 
Among these factors are more organised, creative and flexible decisions and problem 
solving, facilitated acceptance of a design by aesthetics, perceived better usability, and an 
increase in objective user performance. 

The objective of the design and emotion domain is to improve the quality of life of 
users by creating emotionally moving experiences and relationships between the  
person and the product (Demir, 2008). One form of emotional relationship is product 
attachment, which is defined as an emotional bond that the consumer experiences  
with a product (Mugge et al., 2006). These authors suggest that product attachment 
consists of four determinants; self-expression, group affiliation, memories, and  
pleasure. A positive experience with a product can result in product satisfaction as well  
as product attachment. The level of product attachment can also be increased by the  
act of personalisation, which represents an accomplishment for the user as well as an 
expression of the user’s individuality (Niinimäki and Koskinen, 2011). Personalisation of 
a product is, essentially, the individual’s investment in a product. As a result of the 
personalisation, the product is invested with qualities that are personal to the user and 
becomes an expression of the user’s tastes, values, and identity. This personal meaning, 
which goes beyond the inherent function of the product, is where product attachment 
grows (Mugge et al., 2009). With all this in mind, there is clearly a need to consider  
the emotional, e.g., also the non-instrumental aspects, when designing personalisable  
in-vehicle systems. 

1.5 Technology acceptance 

The study of how a new or future technology is accepted is preferably guided by the 
technology acceptance model (TAM) (Davis, 1986, 1989), which is a widely cited model 
aiming to model and understand the adoption and rejection of technology (Figure 1). The 
TAM model is highly reliable for predicting IT and system usage and, according to 
Venkatesh and Bala (2008), several empirical studies have proven the model useful. The 
ability to predict and explain system usage, as well as measuring system acceptance can 
be useful when deploying a new technology. 



   

   

  Personalisable in-vehicle systems, technology acceptance and product 265  

   

Figure 1 TAM3 

Source: Adopted from Venkatesh and Bala (2008) 

The basic assumption of TAM is that a person’s decision to begin using, and thus make 
use of a computer or similar item of technology will inherently be influenced by their 
intention to use it. This intention is, in the original TAM, mainly dependent on two 
variables: perceived usefulness, e.g., whether the technology fulfils the user’s goals and 
helps them perform their job, and perceived ease of use, e.g., how easy the technology is 
to use (Davis, 1989). The effect of design characteristics will also be mediated by these 
two variables (Venkatesh and Bala, 2008). The model was developed to identify the 
product characteristics affecting the acceptance of a technology and, accordingly, predict 
the level of acceptance based on given determinants (Davis, 1989). This model has been 
expanded in several steps and the latest version, TAM3, will be used in this study. 

Despite its widespread use, there has been some criticism directed towards the  
TAM-model. Bagozzi (2007) argues that, in the different TAM model extensions, 
emotions have been incorrectly treated as predictors of effort or performance and not as 
direct predictors of intention to use. As stated earlier, emotions can play a significant role 
in the use of products. 
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Increased experience of a system, stemming from the use of the system, is another 
factor that is likely to have a direct impact on perceived ease of use as well as computer 
anxiety, computer playfulness, and perceived enjoyment of the system (Venkatesh, 
2000). Emotional responses can also differ due to the level of experience (Mugge et al., 
2009). 

2 Aim and research questions 

Since the range of personalisable vehicle HMIs is today quite scarce, there is a need to 
study how these kinds of systems are accepted and the extent to which these systems 
should be personalisable. The TAM3 model (Venkatesh and Bala, 2008) is used to study 
whether product attachment has an effect on behavioural intention in order to predict 
future use of personalisable in-vehicle systems and meet the non-instrumental or 
emotional aspects of product personalisation. Due to large differences between individual 
drivers, Saad and Van Elslande (2012) suggest that several driver characteristics, such as 
age, gender, and driving experience, are relevant to take into account when studying use 
and acceptance. Moreover, this study also explores whether there is a connection between 
acceptance and the user’s general use of similar technology. 

RQ1 Will personalisable in-vehicle systems be accepted by presumptive users? 

RQ2 Which type of personalisation will be accepted most readily? 

RQ3 Do test group or driver demographics affect acceptance? 

RQ4 Is there a correlation between use of similar technology in general and 
acceptance of personalisable in-vehicle systems? 

RQ5 Does the concept of product attachment add any value to determining 
behavioural intention? 

3 Method 

3.1 Respondents 

In order to study the acceptance of personalisable in-vehicle systems and whether product 
attachment could be used as a determinant in the TAM model, a questionnaire was 
completed by a total of 137 respondents. These were 61 students at Luleå University of 
Technology (33 males and 27 females, M = 21 years), 54 at the University of Oulo  
(50 males and 4 females, M = 22 years) and 22 employees at chemical plants in two 
different locations in Finland (21 males and 1 female, M = 37 years). 

3.2 Material 

The questionnaire consisted of 26 questions directly related to the TAM-model items, 
with the addition of three questions regarding product attachment (Appendix 1). The 
TAM3 items were adopted from prior research (Venkatesh and Bala 2008; Tretten et al., 
2011) and adjusted to fit the context. The items were measured using a six-point Likert 
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scale with no neutral middle point, ranging from ‘totally disagree’ to ‘totally agree’ or 
‘not important’ to ‘very important’. In addition to the TAM-items, the questionnaire also 
included questions about which one of the three presented personalisable interfaces the 
respondents preferred, as well as demographical and general technology usage questions. 

Prior to the TAM3 items, the respondents were presented with descriptions of three 
different types of personalisable in-vehicle concepts in order to give the respondents a 
broad idea of what a personalisable system is (Appendix 2). Many respondents were 
hypothesised to only have a vague understanding of product personalisation and it might, 
therefore, be difficult for the respondents to interpret and understand the concept of 
personalisation in a vehicle environment. Hence, it was not suitable to treat 
personalisation of vehicle HMIs as a purely abstract quality. The interest of this study is 
not within a specific piece of technology, but interface personalisation in general. It is 
also unknown what the respondents’ individual perception of personalisation is. In order 
to give all respondents a common ground the three descriptions were designed to 
represent three different concepts that all sported different degrees of personalisation that 
can be found in some of today’s computerised products, such as smartphones. 

To further give the respondents a better insight into personalisation of modern 
technology examples of personal and tablet computer operating systems as well as 
smartphones were presented. A photo of a concept car interior with a touch pad interface 
was also provided to give a better sense of what a personalisable HMI could look like and 
to assure the respondents that it would not necessarily constitute a breakaway from the 
customary ambience of a car cockpit. 

3.3 Data analysis and quality measures 

All data was analysed with SPSS for mean values, Pearson correlations, and linear 
regression. The regression analyses used Enter method or stepwise method with the 
parameters probability of-F-to enter <= .050 and probability of-f-to remove >= .100. 
Additional analyses to test models derived from theory was linear regression with Enter 
method to see how that exact model fitted this data. 

The demographic variables distributions of age, number of years in possession of a 
driver’s licence, and distance driven per week were positively skewed. In order to 
improve the reliability of the results the three aforementioned variables were recalculated 
by converting the values to a logarithmic scale (log 10). 
Table 1 Internal consistency within constructs 

Construct No. of items Cronbach alpha Pearson correlation 
Behavioural intent (BI) 3 0.766  
Computer playfulness (CPLAY) 3 0.634  
Image (IMG) 3 0.601  
Computer self-efficacy (CSE) 3 0.388  
Product attachment (PATTCH) 2  0.656 
Perceived enjoyment (ENJ) 2  0.619 
Perceived ease of use (PEoU) 2  0.553 
Perceived usefulness (PU) 2  0.544 
Output quality (OUT) 2  0.405 



    

    

  268 C.J. Normark and J.P. Mankila   

    

First, the internal consistency of constructs was tested using Cronbach’s (1951) alpha and 
clearly unreliable constructs were discarded. Computer self-efficacy (CSE) and output 
quality (OUT) was shown to be unreliable and was discarded from further analysis  
(Table 1). Some items were shown borderline satisfactory, but were kept because they 
stem from a previously validated scale. According to Garson (2013), an alpha of 0.6 is 
acceptable for exploratory purposes. 

4 Results and analysis 

4.1 RQ1 – acceptance of personalisable in-vehicle systems 

The first area of interest was whether the concept of personalisable vehicle interfaces 
would be accepted and the behavioural intention (BI) in TAM would, thus, get high 
ratings. The overall mean for behavioural intention across all respondents was 4.1, on a 
six-point scale, with comparable results in all study groups (Table 2). This would indicate 
that the idea of personalisable vehicle interfaces was rather well accepted among the 
respondents. 
Table 2 Behavioural intention with respect to case test groups 

Test group Mean N Std. dev. 
Chemical factories 4.21 22 1.30 
Luleå University of Technology 4.19 61 1.11 
University of Oulu 4.01 54 1.01 
Total 4.12 137 1.10 

4.2 RQ2 – type of personalisable in-vehicle system 

Another variable studied was which one of the presented personalisable vehicle interfaces 
was preferred by the respondents. The concept with modes that can be configured to 
contain desired functionality was the clear favourite and was preferred by 65.9% of the 
respondents (Table 3). Two respondents did not answer this question. 
Table 3 Personalisable concept preference 

Concept N Percent 
Configurable driving modes 89 65.9 
Solid. unchangeable driving modes 9 6.7 
One personalisable general use mode 37 27.4 

4.3 RQ3 – effect of test group and demographic data on acceptance 

An ANOVA was conducted to investigate if there are any differences among the test 
groups regarding the behavioural intention of personalisable interfaces. The test shows 
that there were no significant differences in how the test groups intend to use the product, 
F(2,134) = 0.472, p = .625. 



   

   

  Personalisable in-vehicle systems, technology acceptance and product 269  

   

To further investigate if any of the demographical data, age, gender, distance driven 
per week, and years in possession of a driving licence, have an effect on behavioural 
intention a correlation analysis was conducted. There were no statistically significant 
correlations between behavioural intention and any of the demographical data (Table 4). 
Table 4 Correlation between demographical data and Behavioural intention 

 Occupation Gender Licence, years Driven Km/week 
Pearson correlation .037 .011 .037 .025 
Sig. (two-tailed) .667 .900 .666 .771 
N 137 136 137 137 

4.4 RQ4 – effect of technological proficiency on acceptance 

There were low or moderate correlations between the questionnaire items related to 
technology use and behavioural intention, however, all were statistically significant. This 
shows that there is not necessarily a direct connection, but a weak relation between either 
the proficiency of an individual with similar technology and their intention to use a 
personalisable in-vehicle system (Table 5). 
Table 5 Correlation between general disposition towards technology and intention to use 

personalisable in-vehicle systems 

Questionnaire item Correlation to behavioural intention 
How interested are you in technology in general? Pearson correlation  .240** 

Sig. (two-tailed) 0.005  
N  137 

Between ease of use and technical capabilities. 
Which is generally more important to you in an 
everyday product such as television or home radio? 

Pearson correlation  .240*** 
Sig. (two-tailed)  0.005 
N  137 

Do you like or would you like the general flexibility 
and versatility of the smart phone 

Pearson correlation  .389** 
Sig. (two-tailed)  0.000 
N  134 

How proficient are you with  
computers in general? 

Pearson correlation  .201* 
Sig. (two-tailed)  0.019 
N  137 

Notes: **Correlation is significant at the 0.01 level (two-tailed) 
*Correlation is significant at the 0.05 level (two-tailed) 

4.5 RQ5 – effect of product attachment on behavioural intention 

The TAM model was tested with linear regression analyses to see how it would fit to the 
dataset. The coefficients directly predicting behavioural intention and their beta values 
are presented in Table 6. The coefficients in this model explain about 42% (R2 = 0.422) 
of the variance in individuals’ intention to use the personalisable HMI. Around 40% is a 
common percentage explained by TAM (Venkatesh and Bala, 2008). 
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The hypothesis was that product attachment (PATTCH) would have an impact on 
how personalisable technology is accepted as an additional determinant to behavioural 
intention. This was tested with linear regression with the Enter method in order to ensure 
that the initial determinants perceived usefulness, perceived ease of use, and subjective
norm were still included in the model. When product attachment was added as an 
additional determinant to behavioural intention, the model’s R2 increased to 0.528  
(Table 6). This is an increase in R2 of 0.106 from the original model. However, when 
entering product attachment into the model it almost completely seized perceived 
usefulness’ (PU) role of predicting behavioural intention. Product attachment received a 
high beta value, while the beta of perceived usefulness was reduced to non-significant 
(Table 6). 
Table 6 Model R2 values and beta coefficients for the determinants of BI 

Model
Standardised
coefficients t Sig. R2 Adjusted R2

Beta 

Original model (Constant)  3.105 0.002 0.420 0.407 

 Perceived 
ease of use 

0.264 3.768 0.000   

 Perceived 
usefulness

0.295 3.642 0.000   

 Subjective 
norm

0.302 3.863 0.00   

Hypothesised model (Constant)  .482 .631 0.528 0.513 

 Perceived 
usefulness

0.133 1.684 0.095   

 Attachment 0.381 5.444 0.000   

 Subjective 
norm

0.254 3.556 0.001   

 Perceived 
ease of use 

0.260 4.090 0.000   

The stepwise method of linear regression was run to exclude non-significant determinants 
from the model. Subjective norm (SN), product attachment, and perceived ease of use
(PEoU) as determinants explained 51.7% of the variance in individuals’ intention to use 
the technology (R2 = 0.517). Since product attachment and perceived usability compete 
for the same place in the model checks for correlations and multi-collinearity were 
conducted. Product attachment was intercorrelated with perceived usability (r = 0.47,  
p = 0.001). Collinearity statistics show tolerances between 0.675 and 0.895 for product 
attachment and perceived usefulness and a variance inflation factor (VIF) between 1.156 
and 1.481. Garson (2012) suggests, as a rule of thumb, that an intercorrelation above .80, 
a tolerance below .20, or a VIF above 4.0 is an indication of multicollinearity. Hence, any 
multicollinearity can be ruled out. 

To further test if the constructs product attachment and perceived usefulness are 
separated from each other a discriminant validity analysis was conducted with the help of 
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the correction for attenuation method to remove measurement errors. The analysis yields 
a discriminant construct validity score of r = 0.79. A rule of thumb reported by for 
example Garson (2013) is to consider correlations higher than r=0.85 as an indication for 
overlapping constructs. The constructs can thus be classified as different constructs 
although some similarities might still exist. 

Another set of regression analyses were run in order to investigate the determinants 
for product attachment. Mugge et al. (2006) suggest self-expression, group affiliation, 
memories and pleasure as determinants for product attachment, which maps well onto the 
construct product attachment. Self-expression was mapped onto the construct image,
pleasure onto enjoyment, and group affiliation onto the two constructs subjective norm
and result demonstrability, that both deals with the connection to other people. Memories 
could not be accounted for, since that dimension requires the user to use the product for 
some while. Image, subjective norm, and enjoyment were entered into the model with 
linear regression using the Enter method (Figure 2). These determinants were able to 
explain 37.3% of the variance (R2 = 0.373). However, subjective norm was proven to 
have little effect on attachment with a non-significant (sig. 0.535) beta value of 0.061 
(Table 7). 

Figure 2 The role of product attachment in technology acceptance 

Table 7 Determinants of product attachment 

Construct Model 
Standardised

coefficient t Sig 
Beta 

Product attachment (Constant)  3.828 0.000 

 Enjoyment 0.419 4.653 0.000 

 Image 0.217 2351 0.020 

 Group affiliation 0.061 0.621 0.535 
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5 Discussion 

5.1. RQ1 – acceptance of personalisable in-vehicle systems and  
RQ3 – effect of test group and driver demographics on acceptance 

The pooled mean result, for all test groups, of the intention to use a personalisable system 
was 4.12 on a six-point scale. This shows that personalisable in-vehicle interfaces may be 
well received in future automobiles. This could be regarded as an unexpectedly high 
figure, since an initial resistance to change could be expected (Watson, 1971) and 
because the automobile interior has had a long tradition of more or less the same layout. 
However, the respondents in this study consisted mainly of younger university students 
not frequently driving cars with a personalisable system, but may at the same time be a 
group more open towards technological change. 

In order to have a more diverse test population a test group of factory workers was 
included. Analyses showed that all test groups tended to respond similarly. This means 
that a personalisable vehicle interface has the ability to gain interest in not only one 
group. However, the test population can still be considered quite homogenous and a  
more diverse population would strengthen the results, especially for RQ3 – effect of 
demographics on acceptance, where salient trends are hard to identify. There were no 
correlations between respondent demographics and behavioural intention. The type of 
technology in this study might have had a play in these findings. Since none of the 
respondents had any experience of a personalisable in-vehicle system, they were all equal 
in this sense. It can also be noted that a system like this would likely first appear on 
premium models most frequently bought by people who are older than those in this test 
group (Meyer, 2009). However, if these systems become mainstream in a couple of years 
the now young people are the people who will be driving these cars due to increases in 
their personal income and in the amount of used cars with this technology on the market. 

5.2 RQ2 – type of personalisable in-vehicle system 

When the respondents were presented with three concepts, featuring different degrees of 
personalisation, it was clear that the preferred option was the concept having the potential 
to offer the greatest freedom with respect to personalisation. This concept resembles that 
of smartphones, where you can switch between several ‘home screens’ each containing a 
number of apps that the user can place and use according to function or preference. Even 
though there were only small correlations between smartphone use and intention to use a 
personalisable vehicle HMI, the smartphone-like setup might be familiar or recognisable 
to many respondents. The preference for a higher degree of personalisation shows that 
when the technology and its possibilities are introduced properly people will want to 
utilise this potential and not have it limited by what might appear as artificial restrictions 
imposed by simplicity. The concept with the least opportunity for personalisation, e.g., 
having simply fixed modes to switch between, was also undoubtedly the least preferred 
option. To some extent, this basic form of personalisation already exists in cars in the 
form of trip computers, where one small display can alter between a set of data related to 
the vehicle’s status. This might not satisfy the users need for a personalised environment. 
Systems that add more to the user experience and where you can change the look and  
feel of the system may have a higher acceptance rate. The preference for the highly 
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personalisable concept indicates that people are ready for more daring designs in this 
regard. 

5.3 RQ4 – effect of technological proficiency on acceptance 

Venkatesh and Bala (2008) argue that increased experience of a specific system will 
affect the perceived ease of use of that particular system more than general computer 
experience will. Since the experience needs to come from specific system use, experience 
is not considered in this study due to the lack of existing personalisable vehicle HMIs on 
the market but instead the use of similar technologies is considered. For the same reason, 
technology proficiency is not considered as an additional determinant of TAM in this 
study but an ad-hoc test to study a possible effect on behavioural intention. With the 
strong preference for the most smartphone-like concept in mind, it is interesting that there 
are weak correlations between general computer or smartphone usage or interest and the 
acceptance of personalisable in-vehicle systems. The hypothesis was that people already 
using, and liking, one type of personalisable system would be more accepting of this kind 
of system in their own car. The automobile might be considered a completely separate 
system and evaluated in its own right. Regardless of its similarities to a smartphone, both 
in terms of usage and content, the personalisable vehicle HMI was not considered to be 
the same type of system as a computer or phone due to its use in traffic and all the 
concerns that the traffic context entails. However, since the highest correlations to 
behavioural intention were found between two questionnaire items about whether the 
user likes the versatility and flexibility of smartphones and whether the user usually 
customises their phone there seem to be some similarities between the two system 
regarding personalisability. This might facilitate the usefulness of a personalisable  
in-vehicle system since the driver is already accustomed with the system characteristics. 
However, these kinds of systems can only have a place in the automobile as long as they 
comply with traffic regulations and encourage good driving behaviour as opposed to 
bringing more auxiliary systems, such as smartphones, into the vehicle. 

5.4 RQ5 – effect of product attachment on behavioural intention 

This study shows that there is an emotional dimension that affects the intention to use the 
product and that product attachment is part of that dimension. Product attachment 
competes with perceived usefulness of the same space, when it comes to explains 
behavioural intent and perceived usefulness and is even rendered non-significant when 
product attachment is inserted in the model. Does this mean that people don’t think that 
the new HMI could actually help them in their day-to-day driving? Initially, most people 
probably only consider the non-instrumental benefits of the system such as changing the 
appearance and other qualities more directly related to the driver’s emotions. This is in 
line with Mugge et al. (2009) who claim that the personalisation of a product’s 
appearance is more visible to other people than the personalisation of functionality. 
However, this result is also likely to stem from the lack of actual use of the technology. 
It’s easier to see the packaging of the product than its actual use. The user will first spot 
the more apparent features, then, after a while its everyday use and possible benefits will 
eventually be determined. It is, therefore, most likely that both product attachment and 
perceived usefulness contribute to the behavioural intention. An evaluation of an existing 
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personalisable vehicle HMI in a future longitudinal study using the TAM-model would 
probably result in a greater importance of perceived usefulness.

Personalisation of a product should be about creating a meaningful relationship 
between the product and the user, i.e., a high degree of product attachment stemming 
from good experiences of using the product, both regarding the instrumental and  
non-instrumental dimensions. Product personalisation should, as Kurtgözü (2003) argues, 
not simply be about superfluous glitter, which is far from creating a meaningful 
relationship. Emotional factors concerning attachment are in this study shown to affect 
the acceptance of a product. Why product attachment gained such a great importance 
might also stem from a meaningful relationship with the product that goes beyond the 
perceived use of the product. 

5.5 Determinants for product attachment 

Mugge et al. (2006) offers a set of determinants for product attachment; namely  
self-expression, group affiliation, pleasure, and memories. These dimensions can also be 
coupled with what personalisation, in this study, is deemed to be about. Pleasure is 
clearly coupled to personalisable car HMIs, because the technology can offer all 
approaches that are important to achieving a pleasurable attachment to the product; 
namely enhanced functionality, aesthetic appearance, and benefits such as entertainment 
or relaxation (Mugge et al., 2006). Self-expression, one of the main factors influencing 
product attachment (Mugge et al., 2006), is also believed to be one of the main reasons to 
personalise a product. Lee et al. (2011) claim that self-expression was deemed more 
important than the more traditional qualities usefulness and ease of use and this would 
also be in line with these results. Group affiliation resembles result demonstrability and 
subjective norm, which are also about relating to other individuals. However, memories 
are hard to couple to personalisable vehicle interfaces due to lack of experience with 
existing systems on today’s market. The results in this study show that pleasure and  
self-expression are clearly determinants for product attachment. It is, however, 
unexpected that group affiliation renders a non-significant contribution to product 
attachment. The driver interface context might play a role in these results, since the driver 
interface is still quite personal and is mostly used by one person. 

5.6 Reliability and validity 

Some of the measurement scales reported Cronbach’s alpha or Pearson correlations of 
slightly less than 0.6, which is a rule of thumb for considering the scale acceptable in 
exploratory purposes. For this first exploration of the subject most reported alphas were 
considered acceptable. All scales would preferably have had three or more items. More 
consistent items may also increase the scale’s internal consistency. However, since the 
same questionnaire items were used in previous research, and in order to make the 
questionnaire as short as possible the decision was made to keep these two-item scales as 
they were. These scales were expected to have higher internal consistencies, but the new 
and to most respondents unknown area of personalisable vehicle interfaces might have an 
effect on this. If the questionnaire had included a more familiar technology, the 
respondents’ answers would probably have been more consistent. 

In order to ensure that Product attachment and Perceived usability really are separate 
constructs multi-collinearity checks and construct discriminant validity analyses were 
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made. The discriminant validity score of r = 0.79 is rather close to the cutting value of  
r = 0.85. However, since this analysis was based on a correlation rid from measurement 
error the correlation is proven clearly separated from a perfect correlation. It can also be 
noted that two constructs can still be clearly distinct in meaning and content even though 
they display a rather high correlation. 

5.7 The future of personalisable vehicle HMIs 

All in all these results show that the reasons why people would opt to use a personalisable 
system in their cars are that they could make the car feel more personal and relevant to 
them, end up with a better result, and satisfy their playful side and emotional needs. For 
the sake of traffic safety, vehicle interface personalisability should be seen as a means to 
achieve ease of use through a reduced cognitive and visual burden on the driver. At this 
initial stage of this technology’s development it is important to determine the more  
non-instrumental benefits, such as changing appearance, to establish its future, potential 
market. However, these benefits can also support usability (Mugge et al., 2009). The 
convergence of smartphone functionality, or even applications, and car interfaces may 
lead to a situation where drivers are more accustomed to the logic and functions as a 
result of using similar systems outside of the vehicle. This would remove considerable 
parts of the systems’ learning process from the driving context. As Mugge et al. (2009) 
claim, personalisation might only be successful if the personalisation process is designed 
in accordance with people’s abilities. The user must be able to handle the consequences 
of personalisation without spoiling the product. This is especially important in the driving 
context, where driving safety is paramount. These traffic-related issues are, however, not 
considered in this study, but left for future research, along with the validation and 
evaluation of prototypes or existing personalisable vehicle HMIs in experimental or 
longitudinal studies. A real life study would also unveil any potential misuse of a 
personalisable system as in Bianchi Piccinini et al. (2012). Saad and Van Elslande (2012) 
propose, for future research, that the suitable degree of adaptability of driving support 
systems for increased traffic safety should be studied, as well as the balance between 
safety issues and driver acceptance. These considerations are in line with the need to 
study the highly personalisable concept’s place in traffic. 

6 Conclusions 

This study shows that the climate is favourable to personalisable vehicle HMIs, which 
have a large degree of freedom for personalisation and flexibility as there were relatively 
high ratings for intention to use the technology. The hypothesised relationship between 
personalisable vehicle HMIs and similar technologies in other contexts was not found. 
However, this result shows that the step towards personalisable and flexible vehicle 
HMIs might not be that large, since people with less experience of similar technologies 
also intended to use these kinds of vehicle HMIs. For personalisable in-vehicle systems it 
is clear that product attachment plays an important role, since personalisation offers all 
approaches that are important for achieving a pleasurable attachment to the product. The 
effect of product attachment on behavioural intention was tested with the TAM model 
and the determinants of product attachment were also identified. Product attachment is 
one of several emotional aspects that can have an effect on the user’s experience of a 
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personalisable system. To conclude, personalisable vehicle HMIs have the potential to be 
well accepted and offer a solution to both instrumental and non-instrumental issues in the 
vehicle. 
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Appendix 1 

TAM questionnaire items 

Construct Question 
Perceived usefulness (PU) The new features that the personalisable system 

enables would help me in my day-to-day driving. 
Perceived ease of use (PEoU) I think using the personalisable interface would 

require little mental effort. 

I think I would find the personalisable interface 
confusing and intimidating. 

Computer self-efficacy (CSE) When using a car that is new to me, learning to use 
the radio and all other functions is generally 
troublesome for me. 

I think I could learn to use the personalisable system 
if someone would help to get started. 

I think I could learn to use the personalisable 
interface all by myself. 

Perception of external control (PEC) Given the help available from friends, I think it 
would be easy for me to use and modify the 
personalisable system. 

Computer playfulness (CPLAY) I am interested in the possibilities that new 
technology, in general, offers in a car cockpit. 

I feel that cars could have more functions than they 
currently have. 

Usually, I’m creative and spontaneous when using 
computers. 

Computer anxiety (CANX) Computers make me feel distressed. 

Smartphones make me feel distressed. 
Perceived enjoyment (ENJ) I am eager to see if the new personalisable system 

will make driving more enjoyable. 

I like the idea of changing the appearance of the 
interface, because it would make using the car more 
pleasant. 

Subjective norm (SN) People whose opinions are important to me would 
think that if I had a car with a personalisable 
interface, I should use the option to personalise it. 

Image (IMG) I like the idea of changing the appearance of the 
interface because it would be a way to express 
myself. 

The people who are admired and respected in my 
social circle would probably use the option to 
personalise the interface in their cars if they had the 
chance. 

Job relevance (REL) The personalisable interface would help me drive 
better and more safely in the traffic. 
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TAM questionnaire items (continued) 

Construct Question 
Output quality (OUT) With the personalisable interface I think the time I 

use in commuting and work-related driving would 
be reduced or at least my productivity would 
increase while driving. 

The personalisable system would help me better 
utilise the auxiliary functions, such as the navigator 
and music player. 

Result demonstrability (RES) It would be easy to describe the benefits of the 
personalisable interface to my friends and co-
workers. 

Behavioural intention (BI) If I had a car with a personalisable interface, I would 
use the possibility to modify it according to my 
needs and preferences. 

If I was buying a used car in the near future, I would 
want to buy one that had an upgradeable interface 
with some of the latest functions added. 

When buying a new car, how important would it be 
to have one with a personalisable interface? 

Product attachment (PATTCH) If I could change the appearance of the displays and 
controls to better suit my taste it would be easier to 
become attached to the car. 

I like the idea of changing the displays, controls and 
auxiliary features to suit my needs because it would 
give me a sense of being in control over the car. 

If I could modify the controls, displays and auxiliary 
features into a relevant package for my use, it would 
be easier to become attached to the car. 

Appendix 2 

Presented types of personalisation 

Concept one: configurable driving modes 

This concept is based on different configurable and adaptable driving modes that the 
driver can choose between to suit different uses, such as commuting, travelling, and 
sporty driving. Remember that the driver can alter the functions and positioning of the 
displays and controls within the modes. Here are some examples: 

1 Commuting mode for everyday activities 
Navigator knows your normal routes, destinations and work schedule and can 
inform you of congestion or other road blocks. It calculates the fastest routes and 
estimated times of arrival. 
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2 Travel mode, from adventures to relaxed road-trips 
Navigator is presented on a large screen showing points-of-interest in which the 
user has expressed an interest. For example, people interested in history will be 
shown nearby historical locations, such as castles and old buildings and given 
audio book-like tours. 
Driver can choose the suggested route between roads with most points-of-
interest, scenic road segments, best fuel economy or shortest time of arrival. 

3 Sport mode for tracks and twisty roads 
Driver can choose what information is displayed. Further information on engine 
metrics, such as boost pressure and oil temperature available on request. 
ECO mode could teach you how to drive ecologically and better handle the 
engine and clutch. When you feel confident in your own driving skills you can 
stop using the mode and concentrate on the other modes. 

Concept two: solid, unchangeable driving modes 
The second concept presents a simple and easy-to-use option for those not seeking the 
best performance. Similar to concept one, but without the configurability. For example, 
the navigator cannot suggest points of interest other than the usual, general ones. 

Displays and controls will change their outlook according to the driving mode, but 
cannot be further modified. 

As there are only a number of preset modes available, this concept is the easiest to 
operate. 

This concept is, to a lesser degree, already being used in mass production cars. For 
example, in the 2012 Volvo V40 the display behind the steering wheel presents 
different information and colours depending on the mode. 

Concept three: one personalisable general use mode 
The third concept is basically just one mode that is fully configurable. Similar to the first 
concept, but without the separation to modes. Everything is personalisable. In this regard, 
this is the opposite of the concept two. It is likely that the driver cannot have all the 
relevant information and controls available for all the different driving circumstances, 
due to lack of space and potential confusion. However, this can be seen as a carefree 
compromise. 

The user knows their basic uses for the car and alters the interface to be a semi-
permanent compromise. If the need arises, however, the driver can make the 
necessary changes with relative ease. 

This mode can be compared to the operating systems in most computers and 
smartphones. 
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�
1    Introduction 

�
Automobiles today are more complex than ever and offer more and more functionality, 
ranging from in-vehicle systems to smartphones brought into the vehicle. This can lead to 
a situation the driver finds stressful and undesirable because there are either too many 
active functions at the same time or a set of functions badly adapted to the user. This can 
result in both an unsafe traffic environment and dissatisfied users. Consequently, there is 
a need to design and evaluate systems that can handle this increased complexity while 
maintaining a good user experience such those described in Bjelland et al. (2007), and 
Rozendaal and Keyson (2006). One strategy used to cope with different needs and 
preferences among users is to segment individuals into target groups of similar 
characteristics or to use mass customisation, where several variants of the same product 
exist  (Pine  and  Davis,  1999).  Even  with  this  market  segmentation,  however,  the 
individual user still can be dissatisfied if her or his preferences are not met in the product 
design for that target group; the user still may want to customise the product again at a 
later stage. One way to address individual needs is to include the option to explicitly 
personalise the product (Fan and Poole, 2006). This approach has not yet made its way 
into the automobile context, however. The only features that can be altered in some way 
and are common in many automobile interfaces are the trip computer and possibly the 
light intensity adjustment; these are only modest forms of personalisation that do not take 
advantage of the full range of possibilities of a modern user interface. Another way of 
personalising is by system-driven implicit personalisation where the system chooses the 
information  to be displayed  (Fan and Poole, 2006). This paper adopts Blom’s  (2000, 
p.131)  definition   of  personalisation:   “…a  process   that  changes   the  functionality, 
interface, information content, or distinctiveness of a system to increase its personal 
relevance to an individual”. 

�
1.1   A product meaningful for the user 

�
The design of a personalisable product always, of course, should be built around the user 
in a user-centred design approach (Gould and Lewis, 1985; Norman and Draper, 1986). 
Personalisation could even be one way of closing the gap between user and system by 
making the system more usable (Fan and Poole, 2006). Kramer et al. (2000) state that a 
successful design is based upon features and tools of value to the end user; the use of 
technology must never be put before user value. Similarly, Krippendorff  (1995, 2011) 
states that design is all about bringing meaning to the user with the help of artefacts, 
where form follows meaning instead of function and the design of an artefact has to make 
sense. Margolin (2007) argues that meaning is built upon users’ fundamental values and 
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not only on product semantics and user interfaces.  Individual meaning and values are 
better supported by a product explicitly personalised by the user herself. 

�
1.2   Benefits of personalisation 

�
There  are  numerous   reasons   for  including   personalisation   abilities   in  a  product. 
Addressing the user’s goals by personalising both utility and appearance has been shown 
to be of great importance (Mano and Oliver, 1993; Blom and Monk, 2003; Van Velsen 
et  al.,  2011).  The  purpose  of  utility  personalisation   is  to  improve  the  product’s 
functionality  or usability,  and the purpose of appearance  personalisation  is to address 
user’s taste, preferences, and identity. Hallnäs and Redström (2002) also emphasise that 
the  expressive   dimensions   of  an  interface   are  significant   design   aspects   in  our 
personal  and social  lives.  This  aspect  satisfies  the need for aesthetic  stimulation  and 
self-expression and is exemplified by the work of Rozendaal and Keyson (2006), who 
address the many varieties of available mobile phone ring tones or of large varieties in 
car appearances. The focus of automobile interior design is shifting from usability to 
aesthetics (Lin and Zhang, 2004). According to Burnett and Porter (2001), the vehicle 
interior is a major factor influencing a vehicle purchase and, therefore, needs to be visually 
appealing. 

By letting the user personalise the form, function, and content of a system, he or she 
is more likely to be satisfied with the product in several ways. Fan and Poole (2006) 
specify  four  different  motives  for  using  a  personalisable  system:  aesthetic  values, 
social or psychological  well-being,  productivity  or efficiency,  and material or psychic 
well-being.  Other  motives  for using  personalisable  systems  in the traffic  and driving 
context are the great differences between drivers (Desmond and Matthews, 2009), the 
variety of their needs (Normark and Gkouskos, 2012), their different tastes (Tractinsky 
et al., 2011), and, finally, as Lancaster and Ward (2002) point out, the wide variety of 
individual factors that affect driving behaviour and traffic safety. Kim and Christiaans 
(2013) show that there are soft usability issues, not related to technical failure, which are 
related to both user characteristics and product properties. Personalisation offers a way to 
bridge these issues and adapt the product properties to the user characteristics. According 
to Tractinsky et al. (2011), there is also a trend towards personalised and aesthetic vehicle 
interfaces because customer expectations are increasing. When it comes to the 
personalisation of interfaces, many users choose to deviate from the standard interface 
(Tractinsky and Zmiri, 2006), and the amount of potentially distracting information can 
be reduced if the interface is tailored to suit the current user’s needs (Van Velsen et al., 
2008a). 

�
1.3   Benefits of computerised displays 

�
The  trend  of  using  computerised  displays  instead  of  mechanical  dials  supports  the 
possibility of adding personalisation features in vehicles (Normark, 2009). This shift in 
technology also can better acclimatise the functional growth in vehicles today, which 
consists of built-in safety or driving support systems as well as hand-held devices brought 
into the vehicle. Parallels can be drawn between in-vehicle systems and other familiar 
systems such as computers  and smartphones.  According  to Burnett and Porter (2001), 
in-vehicle systems are a good example of ubiquitous computing, where the characteristics 
of a computer are hidden away within the vehicle and emphasis is on the goal of aiding 

�
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the  driver  in  traffic.  However,  because  vehicle  interfaces  more  and  more  resemble 
screen-based computer and smartphone interfaces, the computer is brought back to the 
surface again. When it comes to screen-based interfaces, Burnett and Porter (2001) raise 
some concerns regarding the degree of integration of function controls. Low integration 
with all features controlled by multiple separate controls will likely cause problems such 
as clutter  and  increased  time  in  finding  the  right  control.  High  integration  with  few 
multi-functional controls controlling all functions will likely cause other problems; for 
example, the user has to remember which mode is active when using a specific control. 
Personalisation of the functions displayed on a screen-based interface has the potential to 
create a balance between these issues. The number of functions and controls could be 
reduced or at least be tailored to a set the user finds satisfactory at the same time a mode 
is produced that corresponds  well with the user’s mental model, that is, how the user 
expects it to be. A personalisable vehicle interface might have the potential to bridge all 
these issues while supporting a safe driving environment and a good user experience. 

�
�

2    Aim and research questions 
�

The public  is already  familiar  with  personalisable  products  in the form of hand-held 
devices, such as mobile phones or personal computer-based systems. The majority of 
research that evaluates personalisable systems has evaluated either PC- or web-based 
systems or a PDA or mobile phone (Van Velsen et al., 2008b). Among the activities of 
the design researcher are according to Zimmerman et al. (2007) problem framing and 
identification of gaps in theory. Because the effects of personalisable interfaces in the 
automobile context are yet unknown, research is needed not only to discover the effects 
of such a system and framing the problem but also to create guidelines in order to ensure 
that future systems are designed  with both good user experience  and traffic safety in 
mind. 

This  study’s   main   aim  is  to  explore   the  implications   for  the  user  when   a 
personalisable  user interface is implemented  for use in a vehicle and to find out more 
about  what  should  be considered  in the  design  of such  a system.  This  study  uses  a 
number of methods to explore both the possibilities and effects when personalisable 
interfaces are brought into the automobile context and any inherent usability issues. 
Designers and developers of vehicle user interfaces can use this knowledge later. The 
following research questions are studied: 

�

•    What are the users’ experiences regarding a personalisable in-vehicle system? 
�

•    What are the implications for traffic safety with a personalisable in-vehicle interface? 
�
�

3    Method 
�

This study takes on a research through design approach (Frayling, 1993) with the design 
and evaluation of a personalisable vehicle interface prototype in order to discover any 
implications for the use in traffic and to explore users’ experiences with the system. First, 
suitable functions to include in the prototype are selected. Second, these functions are 
visualised and grouped. Third, the interaction approach is decided and the prototype is 
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programmed. And, last the prototype is evaluated through a number of methods reported 
by Van Velsen et al. (2008b). 

�
3.1   Prototype design 

�
According to Buchenau and Fulton Suri (2000), a prototype can be used to explore 
interaction with future products. Users’ active engagement in a prototype is important for 
gathering direct user experiences in order to inform the design process. There are mainly 
three views in experience prototyping: to explore and evaluate a design in order to study 
the  factors  that  make  up  the  user  experience,  to  understand  user  experiences  by 
prototyping an experience that otherwise is too unsafe or expensive to create, and finally, 
to communicate design ideas by letting users experience the idea directly. This paper uses 
all three of these aspects, namely the exploring view to study the most important factors 
in a personalisable vehicle interface, the understanding view to simulate this system’s use 
in traffic, and the communicative view in order to convey the notion of personalisable 
vehicle interfaces. 

In order to focus the user experience on the personalisable aspects of the prototype 
instead of the specific functions and information contained therein, a set of realistic and 
recognisable   automobile   functions   were   needed.   A  state-of-practice   analysis   was 
conducted to identify common functions and information occurring in today’s automobile 
clusters by searching the most common automakers’ Web sites for specifications and 
available options for their most common models. For recognisability were the identified 
functions and information distilled into a set of functions that could represent the features 
of a typical modern car. The functions were divided into three categories relevant for the 
design  of a personalisable  system:  static  information,  adaptive  functions,  and 
personalisable  functions  (Table 1). Static functions,  such as fuel level, odometer,  trip 
metre, clock, outside temperature, gear indication, and turn signal were chosen to always 
be present in the interface. A majority of the functions were chosen to be available for 
explicit personalisation by the user, such as information regarding: engine power, 
temperature, RPM and efficiency, fuel consumption information, and speed related 
information.  Adaptive  functions,  such as lane departure  warning  and intelligent  speed 
limit   warning   were   included   in   order   to   convey   the   notion   of   system-driven 
personalisation and not limit the system to user defined personalisation. 

�
Figure 1    Instrument cluster display layout with five adaptable fields, one adaptive field, and 

static information field 

�
�

�
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According to Zimmerman et al. (2007), a literature review must be conducted within 
research through design in order to situate the work and show how it contributes to the 
research community. This study is conducted in accordance with previous studies on 
automotive display guidelines (Normark and Garling, 2011) and perceptual groupings 
(Eidborn  and Håkansson,  2007). The instrument  cluster display area was divided into 
seven  fields  (Figure  1); five fields open for personalisation,  one adaptive  field  using 
implicit information about the car, and one field with static functions. 

A simple laptop simulation was constructed to test the proposed layout, test how to 
interact  with  the  system  and  to  convey  the  visual  appearance  and  the  navigation 
principles (Figure 2). This lower-fidelity prototype was tested by five persons to discover 
apparent  usability  issues.  One  of  the  redesigns  of  the  prototype  were  to  graphically 
represent the position of the function/placement  in the menu structure in order to get a 
better mapping to the actual function in the instrument cluster. Another improvement for 
increased  visibility  was a brief flashing of the box that highlights  the selected option 
when navigating in the menu. The final prototype was programmed using Adobe 
Flash/Actionscript 3. 

�
Figure 2    Laptop prototype (see online version for colours) 

�

 
�

According to Bhise (2012), controls intended for use while driving should be located in a 
visible  and  easily  accessed  area  as close  as possible  to  the  driver’s  line  of  sight  as 
possible. For the final prototype, the existing four buttons on the right side of the steering 
wheel were used to implement the prototype controls because of their suitable placement 
and their availability. The display located within 30° of the drivers field of view on the 
top of the centre console (Figure 4) was chosen to display the system menu structure in 
order to keep the instrument cluster display as simple as possible. 

According to the findings in the laptop prototype evaluation, a simple menu structure 
with  three  levels  was  designed  for  changing  functions  in  the  personalisable  fields 
(Figure 3). To personalise colour settings, a second item at the top level was added with a 
scrollable colour bar in the sub-menu. The intensity of the colour was the only function 
not controlled  by the steering wheel buttons and was instead controlled  with a rotary 
knob behind the steering wheel as is done in most cars. 
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Table 1  Common automobile information cluster functions and information and their 
graphical representations  in the prototype (see online version for colours) 

�

 
�

Figure 3    Instrument cluster display layout and menu display (see online version for colours) 
�

 
�
�

3.2   Evaluation measures 
�

According  to Van  Velsen  et  al.  (2008b),  there  are  a number  of  commonly  assessed 
variables grouped under a number of concerns for user-centred evaluation of adaptable 
and adaptive systems (Table 2). 

�
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Table 2  Commonly assessed variables for user-centred evaluation of personalisable systems 
�

Concern  Variable 

Attitude and experience  Appreciation 

Trust and privacy issues 
User experience 

User satisfaction 

Actual use   Usability User 
behaviour User 

performance 

System adoption  Intention to use 
Perceived usefulness 

System output  Appropriateness  of adaption 

Comprehensibility 
Unobtrusiveness 

Table 3  The methods used to study common concerns 
�

Usability method  Concern  Variables 

Think aloud  Actual use  User behaviour 
Usability issues  User performance 

Usability issues 

Computer system usability 
questionnaire (CSUQ) 

�
�
�
�

Microsoft product reaction 
cards* 

Attitude   User satisfaction 

Experience    Usability 

Actual use  Perceived usefulness 

System adoption  Comprehensibility 

System output  Unobtrusiveness 

Attitude  User experience 
Experience 

Interview  System adoption  Intention to use 
System output  Appropriateness 

Attitude  Comprehensibility 

Experience  User experience 

User performance 

Driving simulator  Actual use  User behaviour 
User performance 

Usability (traffic safety) 
�

Source:    *Microsoft product reaction cards developed by and © 2002 
Microsoft Corporation. All rights reserved. Complete word list 
available at http://www.microsoft.com/usability/UEPostings/ 
ProductReactionCards.doc 
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A  number  of  usability  methods  were  deployed  to  meet  these  commonly  measured 
concerns and to get a broad understanding of the system, its possible usability issues, the 
users’ attitudes towards it, and its actual use (Table 3). According to Zimmerman et al. 
(2007)  the  evaluation  of  an  artefact  can  also  lead  to  the  discovery  of  unanticipated 
effects. 

�
3.3   Driving simulator and simulated driving environment 

�
The  study  was  conducted  with  a  high  fidelity  driving  simulator  as  a  carrier  for  the 
prototype interface (Figure 4). The simulator vehicle cab includes factory standard 
automotive  controls  and  programmable  LCD  displays.  The  driving  environment  is 
viewed on three projection screens that are four metres in front of the driver for a total of 
about 100 degrees forward viewing angle. The simulated environment consisted of a rural 
environment with a moderately curved road and some oncoming traffic. 

Standard deviation of lane position (SDLP) and lane exceedances (LANEX) (Caird 
and Horrey, 2011) were used as measures of lateral control. LANEX was defined in this 
study as the time the centre of the car exceeded three-quarters of the lane width (wheels 
slightly outside of lane) (Figure 5). 

�
Figure 4    Displays and controls inside LTUs Volvo XC90 driving simulator (see online version 

for colours) 
�

 
�

Figure 5    LANEX measurement illustration (see online version for colours) 
�
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3.4   Participants 
�

This study consisted of 12 participants – four university employees and eight students 
from Luleå University of Technology. There were nine males and three females in the 
age range of 21–53, M = 30.8 years. All participants had a driving license and access to at 
least one car, either self-owned or indirectly via family, and reported a normal use of the 
car with somewhat frequent use. Eight participants had access to a less than 10 years old 
car.  Three  of these  reported  some  minor  kind  of  changeability  in  the  vehicle  driver 
interface. The average reported technology interest among the participants was 7.83 on a 
ten-point scale. When asked about their tendencies to personalise their products, such as 
changing themes, backgrounds or functionality on personal electronic devices to suit their 
needs  or  preferences  better,  ten  participants  responded  that  they  always  personalise 
products in some way. 

�
3.5   Procedure 

�
The study consisted  of five main parts: a think-aloud  session  (Someren  et al., 1994), 
where the participants personalised the vehicle interface according to their preferences, a 
baseline drive with the driving simulator, a driving session with the additional task of 
performing a personalisation process while driving, a computer system usability 
questionnaire   (CSUQ)   (Lewis,   1995)   to   evaluate   the   system’s   usability,   and   a 
post-session interview guided by Microsoft product reaction cards, a part of the Microsoft 
Desirability Toolkit (Benedek and Miner, 2002). 

�
3.5.1  Think-aloud and driving simulator 

�

At first, the participants had a training session with the driving simulator that ended when 
the participant felt that he or she had sufficient control over the vehicle. The first 
experimental session started with an overview of the personalisable vehicle interface by 
the experimenter. The participants were shown all controls dedicated to the system and 
how to navigate the menu system. The participants were then encouraged to personalise 
the system in a way that would suit his or her tastes and preferences while he or she 
explained all their thoughts and actions in a filmed think-aloud session. The participant 
was asked to choose  the functions  he or she would  like to display  in the instrument 
cluster  as  well  as  to  choose  a  suitable  colour  and  brightness  for  the  interface.  The 
think-aloud session ended when the participant found the interface satisfactory. 

The participants then got the chance to test their newly personalised  interface in a 
driving session that also acted as a baseline drive. Adaptive speed and lane-keeping 
information was simulated with a Wizard of Oz setup (Kelley, 1985), where the 
experimenter  monitored  the driving  and activated  a warning  symbol  when  either  the 
speed limit was exceeded by 5 km/h or when the vehicle drove outside the lane. The 
driving scenario was reset after the baseline drive, and the participants  were asked to 
drive the same route again with an additional task. The task was to modify three functions 
in the interface plus choose another colour setting. The participants were also asked to 
think aloud when using the interface prototype. 
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3.5.2  Post-experiment sessions 
�

The driving simulator  session  were followed  up by a CSUQ  questionnaire  (Table 4). 
Minor  phrasing  adjustments  were  made  to  fit  the  setting  of  this  study  and  to  avoid 
participant   confusion   when   reacting   to  each   statement.   Three   workstation-related 
statements  were  also  removed  because  they  lacked  relevance  in  this  setting:  ‘I  can 
effectively  complete  my  work  using  this  system’,  ‘I  am  able  to  complete  my  work 
quickly using this system’, and ‘I believe I became productive quickly using this system’. 

Table 4         CSUQ items 

�
�
�
�
�
�
�
�
 

�

�
�
�
�
�
�
�
�
�
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�
�
�
�
�
�

Table 5         Interview items 
�

 
�

After  completing  the  CSUQ  questionnaire,  the  participants  were  asked  to  tick  off 
adjectives that they thought best described their experience with the prototype in a list 
according to the Microsoft product reaction card method. They were then asked to circle 
the five most descriptive words, which were used to guide the following semi-structured 
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interview. The interview also included other relevant questions (Table 5), which together 
with the circled adjectives probed for comments on any other views about the system or 
personalisation in general. 

�
�

4    Results and analysis 
�

According to Van Velsen et al.’s (2008b) commonly assessed variables in personalisable 
systems  the  results  reflect  the  major  concerns:  actual  use,  system  adoption,  system 
output, and user experience and attitudes. These aspects are divided to reflect the focus 
on implications for traffic and user experiences in the system. 

�
4.1   Implications for traffic 

�
The implications for traffic for a personalisable vehicle interface are divided in driving 
simulator control, usability issues and attitudes towards personalisable in-vehicle systems 
in traffic. The actual use of the interface,  the user behaviour  and usability  issues are 
reflected mostly by the think-aloud and driving simulator sessions and is supported by the 
CSUQ, which yielded an average usability score of 4.86 (Figure 6). 

�
Figure 6    CSUQ usability (see online version for colours) 

�

 
�
�

4.1.1  Actual use – driving simulator control 
�

The driving simulator sessions measure the user performance with the system. A paired 
samples t-test revealed that there was no significant statistical difference between actively 
setting up the system while driving and the baseline drive regarding LANEX (M = 1.83, 
SD = 6.15, t = 1.03, df = 11, p = 0.323). Also, the SDLP did not show any statistically 
significant difference between the two conditions actively setting up the system while 
driving and the baseline drive (M = 0.34, SD = 0.07, t = 1.73, df = 11, p = 0.112). The 
deviation from a normative route is closely related to SDLP and does not significantly 
differ between when the system is actively tailored and the baseline driving, which is 
visualised for one participant in Figure 7. Although not proven with objective data, all 
participants stated that they felt using the system actively while driving had a negative 
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effect  on  driving  performance,  however  not  while  driving  with  their  preferred  setup 
without actively personalising the system. 

�
Figure 7    Deviation from a normative route (see online version for colours) 

�

 
�
�

4.1.2  Actual use – usability issues 
�

The average usability score between all four CSUQ aspects was 4.86. Even though this 
measure implies a system with few usability issues the think-aloud session revealed some 
usability issues with the prototype (Table 6). The most frequent error was related to 
navigation where participants pressed the back button when intending to go down. Six 
participants pushed back instead of down at least once. All but one participant thought 
that the buttons for controlling the system were counterintuitive. All participants also 
experienced some initial confusion as to how to select different functions also was 
experienced because of the lack of an enter/OK button. However, all agreed that after 
noticing the display change state it was clear that changes were performed by selecting 
the item rather than confirming the choice with a click. 

Table 6         Think-aloud main findings 
�

# participants      Error/mistake 

6                           Pushing back button when intending to go down in menu at least one time 

4  Did not understand what the labels of some functions meant when reading 
them the first time 

2  Tried turning handle to scroll through colour bar instead using up/down 
buttons 

�
4.1.3  System adoption 

�

The usefulness of the system is reflected in the CSUQ system usefulness score of 4.6. 
The interviews revealed that most participants felt initially positive towards the concept 
of personalisable  vehicle interfaces and even more so after they had some experience 
with the prototype. All participants would use this type of system to personalise functions 
and appearance at least once, all in line with the findings of Fan and Poole (2006) that a 
personalisable interface becomes more usable. All participants would customise functions 
according to their preferences or needs in different scenarios such as driving on city roads 
or highways or in special contexts, where certain functions are more relevant than others 
as  exemplified  by  one  of  the  participants:  ‘It  is  good  that  I  can  choose  my  own 
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combination of information that I want to see. I would tailor this in my real car if I had 
the  possibility’.  Five  participants  stated  that  they  would  most  likely  never  change 
functions while driving with a system functioning exactly as the prototype, but perhaps 
only if the controls were improved. Also, some participants imagined the frequency of 
use to be rare and would perhaps personalise only once after purchasing the vehicle. The 
adaptive current speed limit and lane exceedance warnings were appreciated. 

�
4.1.4  System output 

�

The CSUQ yielded an overall interface quality score of 4.39 and an overall information 
quality score of 5.57 on a seven-grade scale, which implies that the interface is perceived 
as comprehensible and is no obstruct to the user. 

Regarding comprehensibility, the system did what the user expected it to do and did 
nothing unexpected on its own regarding the personalisation features. All participants 
perceived the interface structure as comprehensible after using it. However, the usability 
issues mentioned earlier may render most participants hesitant to use this particular 
prototype while driving in traffic. 

Regarding the unobtrusiveness of the system, all participants agreed that the menu 
system would affect driving safety negatively to some extent because it takes his or her 
eyes away from the road and adds to the cognitive load. They would attempt to change 
functions only while standing still or in a safe situation without oncoming traffic as 
exemplified by the following participant’s reply to a question if the system could be used 
in traffic without affecting the driving safety: ‘Not without being affected, however, the 
effect was not that great. I would probably choose to customise the system when there 
was not much traffic, etc.’ However, three participants argued that the negative effects 
were small and that they probably would drive as safely as while controlling a car stereo 
if they were more used to the system. Two participants stated that the speed and lane 
exceedance warnings reduced the negative effects and one participant thought that this 
system was safer than his GPS. 

�
4.2   User experience and attitudes 

�
The  experiences  and  attitudes  are  derived  mostly  from  the  interviews  and  product 
reaction cards but are also supported by the CSUQ interview, where satisfaction is a good 
measure of experience. The CSUQ yielded an overall satisfaction score of 4.95, although 
information  quality  was  the  highest  rated  aspect  with  5.51  (Figure  6).  The  most 
frequently chosen experiences among the top five circled descriptive words were mostly 
positive  towards  the  prototype,  except  for  the  word  distracting  (Table  7). The  same 
pattern was found when taking all ticked words in the list into consideration. The most 
chosen experiences with the product were: flexible (8), distracting (6), controllable (3), 
understandable (3), usable (3) and useful (3). Thus, it can be said that the experience and 
the satisfaction with the personalisable interface were quite positive, all in line with the 
findings of Fan and Poole (2006). 

Even though most experiences were positive, most participants would want a more 
intuitive way of controlling the system. In general, participants wished for more functions 
to  choose  among  and  a  larger  degree  of  freedom  for  how  the  system  could  be 
personalised, such as the possibility of scaling functions: ‘I would like to scale some less 
relevant   functions   down.  Some  less  relevant   stuff  was  very  salient  and  that  is 
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unnecessary’. In order to further manage distractive aspects would two participants prefer 
to choose  from pre-set  modes  to perform  minor  adjustments  in and to save personal 
modes for each user of the car, and one participant desired the possibility to inactivate 
certain fields. 

Table 7         Most descriptive words and summary of arguments 
�

 
�
�

5    Discussion 
�

The discussion regarding the system usability and user experience is structured according 
to the research questions and how the findings would impose implications for the design 
of personalisable in-vehicle systems. 

�
5.1   User experience 

�
What  is  perhaps  equally  as  relevant  as  measuring  usability  is  how  the  system  is 
perceived. Flexible and distracting were the two most common experiences. This can be 
expected because these two parameters are in personalisable systems’ nature. Among the 
other experiences were controllable, understandable, usable and useful. This implies that 
the users were satisfied with the system, that it had a proper area of use and that they 
could master the system. The CSUQ overall satisfaction rating and the interviews support 

�

�
�
�
�
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the view that a personalisable system in one’s own car would be used and would convey 
a positive and satisfactory experience. 

Both affective personalisation of the system appearance and utilitarian personalisation 
of the system’s functionality seemed desirable. Surprisingly, the option to change colour 
and appearance according to mood or preference was almost as appealing as changing 
functions.  Because  of  the  seriousness  of  the  driving  and  traffic  context,  one  would 
assume that the system functionality would have the highest impact. However, it has 
repeatedly been shown that emotional aspects greatly impact usability (Jordan, 2000; 
Norman,  2004).  Appearance  personalisation,  along  with  functionality  personalisation, 
gives the user better tools for self-expression and group adherence. If the technological 
possibility exists, then why should not the driver be able to setup his or her environment 
in a way that makes him or her feel good? This of course could be extended beyond the 
simple changing of colour for an even more noticeable effect. 

�
5.2   Implications for traffic 

�
Harvey et al. (2011) argue that the relation to traffic safety is important when evaluating 
in-vehicle interfaces, because reduced lateral control could imply a number of problems 
related to effectiveness, efficiency, compatibility, and learnability. The driving simulator 
tests showed that there were no great deviations from a normative route while actively 
personalising  the system compared to the baseline drive. The greatest deviations were 
shown in areas where the driver only maintained the driving task (Figure 7). Deviations 
like this are most probably caused by sharp curves in the simulated driving environment 
because they in most cases follow the same pattern as in the baseline run and the driver 
drove  with  his  or  hers  preferred  settings  in  both  of  these  sessions.  According  to 
Zimmerman et al. (2007) design researchers frequently encounter wicked problems with 
conflicting goals. This is evident in this study where the personalisable in-vehicle system 
is found to be both distracting and at the same time beneficial for the driving. The driving 
simulator tests showed that using the system in traffic had no negative effects on driving 
performance. This is desirable, of course, in the design of such a system. There were, 
however, some thoughts that such a system could be distracting. The automobile context 
might have triggered almost all participants to report distraction and difficulties 
concentrating on both the driving task and the personalisation process. By adding another 
task to the driving task, the driver naturally perceives some distraction. It is worth 
mentioning that the participants were asked to use the system while driving even if this is 
something they would not normally do. This might overshadow the fact that they also got 
to use the system while safely standing  still without any other task than to tailor the 
system. Compared to other personalisable systems, it is not very likely that a desktop 
computer user would have been distracted in his or her tasks by a personalisation menu or 
something similar. It is, thus, probably the process of personalising the system along with 
driving that causes the distraction and not the end result of the personalisation made up of 
the driver’s  personal  set of functions  used in traffic.  This prototype  system  was also 
always active and visible to the driver, which should not be the case in a commercial 
system  where  the  personalisation   feature  would  be  integrated  among  many  other 
automobile functions. In favour of the personalisable system, some participants noted that 
the distractive effect was probably very small and would not affect on traffic safety any 
more than controlling a regular car stereo. All participants would also attempt to use the 



�
�
�
�
�

Design and evaluation of a personalisable interface in a vehicle context  17 
�

system only in a safe situation without nearby traffic or while standing still, where it 
would not affect traffic safety. 

�
5.2.1  Actual use of the personalisable vehicle interface 

�

The think-aloud sessions and interviews revealed some usability issues mainly related to 
the unintuitive control button layout. This layout is a product of the available driving 
simulator controls, but further prototype redesigns would benefit from a different way of 
interacting with the system. The two-screen layout also received some criticism, because 
it required the participants to move their eyes between traffic, the menu screen, and the 
instrument cluster in order to handle all concurrent tasks. However, it can be noted that 
none of these issues were severe enough to cause lengthy interruptions in the interaction 
sequence or failure to accomplish the task. 

�
5.2.2  Adoption of the personalisable vehicle interface and system output 

�

Most participants were positive towards using the system and would use it in their own 
car and the type of system could probably be considered appropriate for use in vehicles. 
Preferably not while driving in traffic, but the feature to personalise the driving interface 
seemed appealing. Some participants stated that they would probably use such a system, 
but perhaps only when the automobile at hand was new to them or they would make only 
small and fast changes if, for example, the driving context changed. However, this could 
be enough to motivate them to have such a system. 

The comprehensibility measure was mapped onto the CSUQ variable Information 
quality with a score of 5.51 and also the interviews. This means that it is possible to 
design a comprehensive and clearly understandable personalisable in-vehicle system with 
an easy-to-use interface. The CSUQ variable Interface quality with a score of 4.39 means 
that the participants experienced the interface as unobtrusive, clear, understandable, and 
not disturbing. It is notable that this goes against the noted distracting experience but the 
interface is probably evaluated by itself or in comparison with other similar interfaces in 
the  CSUQ  and  gets  high  ratings.  This  means  that  the  way  an  in-vehicle  system  is 
evaluated plays a great role. 

�
5.2.3  Concept prototype development 

�

This prototype was developed with previous design guidelines in mind and comprised 
only an excerpt  of all available  automobile  interface  functions.  This  ensures  that the 
effects of the personalisation process and general ideas of personalising a product are 
isolated, and any negative critique or usability issues would not stem from other parts of 
the interface design. There were some considerations that came up during the interviews, 
however,  regarding  the relatively  small  number  of functions  and the lack  of modern 
driving  aids,  such  as  navigation,  available  for  personalisation.  If  the  prototype  had 
featured functions such as navigation, Internet access, night vision, or any other modern 
driver help system, the participants might have focused on these particular features and 
their novelty instead of on the core idea of personalising the interface and the process for 
doing so. 

This  study  used  an  experimental  approach  to  experience  prototyping  where  the 
prototype was used to determine the system’s adequacy before it was further developed 
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(Buchenau  and  Fulton  Suri,  2000).  Instead  of  an  evolutionary/iterative  process  with 
several  (re)designs,  (re)implementations,  and  (re)evaluations  common  in design 
processes, there was only one main iteration of the prototype in this study. Viewed more 
holistically,  this prototype  should  be viewed  as the first iteration  in the development 
process  of  personalisable  interfaces.  The  design  of  the  prototype  evolved  somewhat 
during the design process. However, the design was kept within the previously mentioned 
guidelines. 

�
5.2.4  Methodological discussion 

�

The work of Van Velsen et al (2008b) has been useful for pointing out important areas of 
interest regarding personalisable systems and also different usability evaluation methods. 
There might be other suitable methods than the ones used in this study, but these seem to 
have been a good complement to each other. As described by Van Velsen et al. (2011), 
the think-aloud method generates more comments on the usefulness of the system in the 
intended context of use and identifies the most critical and serious problems. The CSUQ 
questionnaire and the product reaction cards tended to give quite positive assessments of 
the prototype, while the interview gave a more in-depth view comprising both positive 
and negative aspects of the system. Finally, the driving simulator measures in accordance 
with the interviews gave a view on how the system might function in traffic. Further 
research   is  needed,  however,   to  ensure  the  effect  on  traffic  safety.  A  complex 
phenomenon, such as personalisable vehicle interfaces, is therefore best studied with a 
multitude of methods in order to better grasp the different parts that make up the whole 
picture. However, to fully understand the phenomenon other groups of participants and 
different  driving  contexts  must  be  used.  Even  though  the  participants  in  this  study 
reflected different age groups, levels of education and different driving experience they 
were few and skewed towards being rather interested in technology. There is a possibility 
that  less  technologically   interested   persons   would   also  be  less  positive   towards 
personalising their products. This implies that these results cannot be fully generalised. 
However, the results act as insights into a process of changing an existing situation into a 
preferred one (Simon, 1996) demonstrated  by this prototype. More participants  would 
also  probably  have  generated  a wider  spread  of experiences  with  the prototype.  The 
driving simulator results might also partly be an effect of the experimental setup with 
learning effects because the participants improved their driving skill gradually. Also, the 
time it took for most participants to make changes in the system was short. This means 
that it can be hard to isolate any negative effects stemming from the system use because 
the driving task itself takes up so much of the driver’s cognitive resources. However, the 
ability to make fast interactions in the system implies that there are few negative effects. 
Several  participants  also commented  in the interviews  that the driving  simulator  was 
harder to drive than a normal car. To conclude, a study like this only gives one view of a 
particular system with particular users but can be part of a way to a desired future. This 
knowledge can be used in further redesigns and iterations to study the phenomenon of 
personalisable vehicle interfaces. 

�
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5.3   Implications for the design of personalisable vehicle interfaces 
�

According  to  Zimmerman  et  al.  (2007)  a research  through  design  approach  with  an 
artefact   as  outcome   can  generate   several   contributions   for  the  HCI  community: 
opportunities for new technology or new uses of current technology that has an impact on 
the world, novel integration of theory, technology, user needs and context, and inspiration 
for engineers for what they might build. This study contributes to all of these aspects. The 
most salient result in this study is that the notion of personalisation in vehicle interfaces 
was well received by the participants and that these types of systems can have their place 
in future automobiles. Even though the user is uttermost responsible for system output for 
such a system, it is not always certain that the user knows best. If designers can design a 
system with the right boundaries for the user to stay within, both user experience and 
traffic  safety  can  be  maintained.  Some  preliminary  general  design  guidelines  can  be 
drawn from these results: 

�

• Make the system intuitive. Even if the user understands the general idea of 
personalisation, counterintuitive controls might hinder system output. This is 
especially important for the traffic context, where there is often little time to figure 
out how to proceed. Even if the system is preferably personalised prior to a trip, the 
user’s main focus will most likely be to get on the road as quickly as possible. 

�

• Make the system quick to use. Quick interactions with the system will not affect the 
driver’s ability to as much as lengthier ones will. 

�

• Make the system without unnecessary distractions. The system should support 
driving, not take focus away from the road. 

�

• Make sure that the user gets sufficient feedback that the features he or she wants to 
use or display in the system are actually active. 

�

• Enable both functional and non-instrumental personalisation to satisfy all types of 
users. 

�
5.4   Further research 

�
In  order   to  proceed   with   the   design   process,   the   previously   mentioned   system 
improvements  should be integrated  into another iteration  of the prototype  and further 
tested and evaluated. The effects on traffic safety should also be more thoroughly studied. 
The results in this study give an indication of the system’s viability in traffic by the lack 
of diminished  driving  performance.  Even  though  this  is desirable  the  long-term  use, 
which might affect the use of the system,  needs to be studied in order to ensure the 
systems suitability in traffic. Nevertheless, because the aim of the system is to improve 
the  traffic  safety  and  user  experience,  the  system’s  potential  to  contribute  to  these 
positive effects need to be studied. 

�
5.5   Conclusions 

�
A personalisable system prototype was designed and evaluated with a number of different 
methods.  The  prototype,  and  the  general  idea  of  interface  personalisation   in  the 
automobile context, was well accepted among the study participants and they stated that 
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they would use such a system if they had access to one. The identified usability issues 
were related mainly to unintuitive navigation of the system. The effects on traffic safety 
are believed to be positive because no detrimental  effects on the driving performance 
were found and most participants thought that such a system could improve their driving. 
The usability evaluation methods complemented each other well and gave a view of the 
system that included both positive and negative critiques. To conclude, it can be said that 
personalisable vehicle interfaces probably will find their place in future automobiles. 

�
�
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There is a trend of personalizable products at 
the same time as there is a substantial functional 
growth in functions in the automobile user 
interface. A research through design approach is 
used to explore the potential of a personalizable 
vehicle user interface to improve traffic safety as 
well as user experience by offering a product that is 
tailored to the users own needs and preferences. A 
prototype was evaluated by 20 participants with 
several methods: interviews, driving simulator 
measures, Computer System Usability 
Questionnaire (CSUQ), and Microsoft Product 
Reaction Cards. The prototype was experienced as 
positive (flexible, easy to use, and usable), few 
usability issues were found, no negative effects on 
driving performance were found, and it was 
assumed that it could improve traffic safety. All 
participants stated that they would want to use such 
a system in their own cars. 

 

 
1. INTRODUCTION 
Mass-produced products are designed to satisfy a 
majority of potential users, however, the needs and 
preferences of the individual is not always in focus. 
Today, there is a trend of personalizable products that 
can be configured to fit to the individual user. At the 
same time, automobiles are experiencing a nearly 
exponential growth of complex functions available to 
the driver both by built-in systems and by hand-held 
devices, that the user voluntarily brings and uses in the 
vehicle (Kauvo, Tarkiainen, Koskinen, Kompfner, and 
Amditis, 2006; Horrey, Lesch, Kramer and Melton, 
2009). The purpose of these functions can to some 
users be unclear, hard to understand, and hard to use 
(Schröer, Loehmann, and Lindemann, 2011). This can 
lead to both unsatisfied users and an unsafe traffic 
environment, where the user is distracted and 
cognitively overloaded by a set of badly adapted 
functions with too much information shown at the  
_____ 
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same time (Davidsson and Alm, 2014). Flexible display 
technologies are proposed a way to reduce potentially 
distracting information by tailoring the interface to the 
user’s needs (Van Velsen, Huijs, and Van der Geest, 
2008a; Davidsson and Alm, 2014). One way to make 
the most out of the individual user’s needs is to let the 
user explicitly personalize the product (Fan and Poole, 
2006).  

 
1.1 Benefits of Personalization 

There are many reasons to consider individual 
needs: there are great differences between drivers 
(Desmond and Matthews, 2009), drivers display a large 
variety of needs (Gkouskos, Normark, and Lundgren, 
2014), and they have different tastes (Tractinsky, 
Forlizzi, and Seder, 2011). There are also a wide 
variety of individual factors that affect driving 
behaviour and traffic safety (Lancaster and Ward, 
2002), such as that different people prefer to obtain 
information from screens in different locations in the 
automobile if they have a choice (Normark, Tretten, 
and Gärling, 2009). 

According to Fan and Poole (2006), there are four 
different types of motives for personalizing a system: 
aesthetic values, social or psychological well-being, 
productivity or efficiency, and material or psychic 
well-being. It is shown to be of great importance to 
personalize both utility and appearance aspects to 
address all of the user’s goals and motives (Mano and 
Oliver, 1993; Blom and Monk, 2003; Van Velsen, Van 
der Geest, and Klaassen, 2011), and to address both 
instrumental and emotional aspects to form a good user 
experience (Hassenzahl, 2004; Saariluomaand and 
Jokinen, 2014). For example, personalization can 
accomplish goals of experience for individual users 
with different states of cognition, experiences, traits, 
and moods as well as manage changes of these aspects 
within users over time (Hancock et al., 2005). The 
expressive dimensions of an interface are also 
significant design aspects in our personal and social 
lives (Hallnäs and Redström, 2002). Flexible driver 
information can also support emotional aspects such as 
comfort, control, and fun Davidsson and Alm (2014). 
Aesthetics are important for HCI and for personalized 
objects especially (Tractinsky and Zmiri, 2006) and 
emotional aspects can greatly impact usability (Jordan, 
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2000; Norman, 2004). Emotional aspects, such as 
product attachment, can arise from personalized 
products (Mugge, Schifferstein, and Schoormans, 
2006, Normark and Mankila, 2013). 

�
Even though customization of a vehicle user 

interface can be risky due to the seriousness of the 
driving task, it can still be beneficial because the 
complexity can be reduced, cognitive and sensory 
overload can be avoided, and driver can conduct tasks 
faster and safer (Marcus, 2004). 

 
1.2 Touch Screen Interaction in Vehicles 

Touch screens as input devices in vehicles are 
becoming more and more common (Rydström, 
Broström, and Bengtsson, 2012) and can result in both 
advantages and disadvantages when controlling the 
system. For example, touch screens are intuitive and 
easy to learn and use (Rydström, Bengtsson, Grane, 
Broström, Agardh, and Nilsson, 2005) but they suffer 
from lack of tactile feedback, which means that they 
require more visual attention in order to confirm inputs 
(Dingus, Hulse, and Barfield, 1998; Burnett and Porter, 
2001; Stevens, Quimby, Board, Kersloot, and Burns. 
2002).  

Personalization of the functions displayed on a 
touchscreen-based interface has the potential to create a 
balance in the integration of function controls. 
According to Burnett and Porter (2001), low 
integration, where all features are controlled by 
separate controls, can cause clutter and difficulties 
finding the right control. High integration with few 
multifunctional controls, on the other hand, can cause 
other problems, such as difficulties in knowing which 
mode is currently active for a specific control. The 
number of functions and controls could by 
personalization be reduced, or at least be tailored, to a 
set that the user finds satisfactory and corresponds well 
with the user’s mental model. A personalizable vehicle 
interface, thus, makes good use of the technology in 
order to support a safe driving environment and a good 
user experience. � 
1.3 The User as Designer 

There is a need to handle the increasing design 
complexity within interaction design (Löwgren and 
Stolterman, 2004; Norman, 2004; Krippendorff, 2006; 
and Stolterman, 2008). However, Norman (2011) 
argues that complexity is a part of the world, whereas 
confusion is a state of mind. Thus, complexity does not 
always need to be reduced because a messy and 
confusing design according to one person can be 
logically arranged for someone else. An overly 
simplified design may be easy to handle, but may lack 
the necessary richness needed for an enjoyable 
experience (Stolterman, 2008).   

Users can also find new and unanticipated uses for 
their products or make adaptations to better fit them or 
their needs. Therefore, the subject of design should 
shift from the designer towards the user (Weightman 

and McDonagh, 2003; Redström, 2006; Sanders and 
Stappers, 2008) and there should be some freedom of 
choice in deciding how a designed object should be 
used (Redström, 2006). The possibilities offered by 
new technology with increased interaction can 
facilitate individual design (Weightman and 
McDonagh, 2003) as well as better represent the user’s 
actions instead of the designer’s intention (Redström, 
2008).  
 
1.4 Aim and Research Questions 

The aim of this article is to explore how users 
experience a personalizable vehicle user interface 
prototype and to study such a system’s implications for 
traffic in forms of usability issues and potential 
benefits for traffic safety. This is studied to gain 
knowledge to be used by vehicle user interface 
designers, when designing such a system. The research 
questions are: 
 

• What are the users’ experiences regarding a 
personalizable in-vehicle system? 

• What are the implications for traffic safety 
with a personalizable in-vehicle interface? 

 
2. METHOD 

In this study a research through design approach 
(Frayling, 1993), where a prototype is designed to 
explore users’ interactions with a novel kind of system 
and to form a base for system evaluation, is in foci. 
 
2.1 Prototype Design 

The prototype was designed to communicate design 
ideas by letting users experience them directly and to 
explore and understand the factors behind these 
experiences in a context, that may otherwise be too 
unsafe for experimental testing (Buchenau and Fulton 
Suri, 2000). 

This prototype builds upon a previous prototype 
controlled by buttons on the steering wheel (Normark 
and Gustafsson, in press). Although the prototype was 
found to be highly useful and beneficial, some usability 
issues in the input method called for a design iteration 
with a more intuitive type of interaction based on a 
smartphone user interface layout. 

Fan and Poole (2006) have constructed a 
classification scheme for how personalization can be 
implemented that consist of three dimensions; to whom 
to personalize, who does the personalization, and what 
to personalize. In this study individualized 
personalization, where all users can tailor the system to 
suit their individual needs or preferences to address 
whom the personalization is for, is used. The user-
adaptable system approach, where the user makes all 
the decisions was adopted to address who does the 
personalization in order to give more power to the user. 
This approach was also chosen to avoid some of the 
possible usability issues for personalizable systems 
related to predictability, comprehensibility, 
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controllability, obtrusiveness, privacy, and breadth of 
experience (Jameson, 2007). 

 According to Fan and Poole (2006) there are four 
aspects of what should be personalized: content, 
functionality, user interface, and channel/information 
access. The content and functionality are both 
addressed by having different apps for the user to chose 
among. The chosen apps will both decide the content 
and the functionality of the prototype. The 
personalization of the user interface is dependent on 
the chosen apps, but it also holds possibilities to 
customize look-and-feel aspects of the interface by 
letting the user choose color schemes, placement, and 
sizes of apps. The media that delivers information to 
the user, the channel/information access, is fixed to the 
visual modality in this prototype, because vision is the 
primary modality for accomplishing safe driving (Hills, 
1980; Wierwille, 1993). 

Channel and Information Access 
The information giving and interactive displays 

were determined by the layout of the driving simulator 
mockup, which included displays in the instrument 
cluster, high up on the dashboard, head up display 
simulation, and input by a touch screen in the 
centerstack (Figure 1). This setup reminds of, for 
example, a car with head-up display (e.g. BMW 5 and 
7-series with instrument cluster, display high on the 
dashboard, head up display, and traditional controls 
and information in the center-stack). 

 
 

FIG 1. Display positions 
 
Content and Functionality 

To guide the design of the prototype a quick state-
of-the art analysis was conducted in order to identify 
common functions occurring in today’s automobile 
clusters by searching the most common automakers’ 
websites. A few functions from four different areas 
(comfort and productivity, safety systems, vehicle 
monitoring, and information) were chosen to represent 
different aspects in a vehicle interface and provide a 
realistic basic set of functions for the participants to 
personalize (Table 1). If all available functions on the 
market had been implemented in the prototype, then 
focus would have been too much on the specific 

functions instead of the general idea of personalizing 
the driver interface. 

TABLE 1 
Implemented functionality 

 

 
 
User interface - Interaction 

The automobile context demands fast and efficient 
interactions with in-vehicle systems. In order to 
accommodate an intuitive interaction, the idea was to 
closely resemble a smartphone user interface. For 
example, the available functions were termed apps and 
home screens, or different pages, which can contain 
different types of information or apps were also used. 
The placement of information can be ordered 
differently according to the level of perceived 
importance (Tretten, Normark, and Gärling, 2009), and 
different people prefer to consult different display 
locations if they have a choice (Normark, et al., 2009). 
Thus, in order to make use of the different placements 
of information, a flicking gesture was implemented to 
be a fast and intuitive way of relocating apps. There 
were some main interaction principle for this 
prototype, which also were available in a help section 
accessible from the options bar (Figure 2): 
 

1. Double click screen to add apps (open a 
dialogue displaying available apps). 

2. Click on app to add to centerstack. 
3. Double click app to access app specific 

options. 
4. Options: move app to other display / resize 

app / other app-specific options. 
5. Press and hold app to move it: 

o drag and release to place in centerstack. 
o flick towards another display to move app 

to a predetermined position in that display. 
6. Hold finger over options bar in bottom of 

centerstack to bring up the options dialogue.
7. Option dialogue contains all added apps as 

well as general options. 
8. Options: move app to other display / resize 

app / other app-specific options. 
9. Swipe centerstack background to access 

adjacent homescreens. 

�������� �������
���������������
���������
�����
�������

������
����������
	�����������������
�����������������������
����������������

	��
����
�����
����������
�������

����������
����������

�������������
�������
����

�����������������

�����������

������	���

�������������

���������



4 C.J NORMARK 

 

 
FIG 2. Help dialogue showing main interaction principles  

User Interface - Display layout 
The layout of the prototype was designed in 

accordance to automotive display guidelines to ensure 
that it would be usable regarding sizes, colours, 
placements, groupings etc. (Normark and Gärling, 
2011). The interface layout was also in a structured and 
unified overall form complemented with graphics and 
colour to tie everything together (Seeger, 1980). For 
example, all buttons were colour coded with a smooth 
gradient and had rounded edges to be perceived as 
more pleasant. 

The apps were adapted to where they were placed. 
An app automatically lost its background when placed 
in the HUD (Figure 3) in order to be more see-through 
and less salient. Some apps also shifted state, when 
moved to other screens. For example, the navigator 
was resized to fit into the same placeholders as vehicle 
monitoring and safety apps and changed from map to 
show turn-by-turn information, when moved to HUD 
or instrument cluster (Figure 4). When apps were 
placed in other screens than the centerstack (Figure 5), 
where the user had no means for direct manipulation 
some pre-determined steps were followed. Safety 
systems and vehicle monitoring were all situated in 
equally sized boxes. When one of these apps were 
added to the HUD or dashboard display (Figure 5) they 
appear from left to right, until there is no space left, in 
the order they were added to that screen. When added 
to the instrument cluster, they appear adjacent to the 
central main dial and outwards to maintain centrality. 
Comfort and productivity type apps take up large space 
by default and are added centrally in the dashboard 
display. These apps change state into a box shape, like 
most other apps, and took up a space available for 
them, when moved to HUD or instrument cluster. The 
information apps are so small that they have fixed 
locations in all displays, except for the centerstack 
where everything can be freely positioned. 

 

FIG 3. Head up display with sample apps 
 

 
FIG 4. Instrument cluster display with sample apps  

 

  
FIG 5. Dashboard and centerstack displays with sample apps  

 
2.2 Evaluation Measures 

According to Van Velsen, Van der Geest, Klaassen, 
and Steehouder (2008b), there are a number of 
commonly assessed variables for user-centered 
evaluation of adaptable and adaptive systems (Table 2). 

 
TABLE 2 

Variables in evaluation of personalizable systems 

 
 
A number of usability methods were deployed to 

meet these commonly measured variables and to get a 
broad understanding of the system, its possible 
usability issues, the users’ attitudes towards it, and its 
actual use (Table 3). Think aloud gives information on 
user behaviour and usability issues in the system, 
questionnaires are suitable for benchmarking and 
general assessments of the system, and interviews can 
be used to study the participants willingness to use the 
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system and specific usability issues. Data logging, such 
as driving simulator metrics, can be used to study how 
the user behaves with the system, but should always be 
used together with qualitative methods to find out the 
reasons for that behaviour (Van Velsen, Van der Geest, 
& Klaasen, 2011). 
 

TABLE 3 
Usability evaluation methods and measured quality. 

 

 
*Microsoft product reaction cards developed by and © 2002 Microsoft 
Corporation. All rights reserved. Complete word list available at 
http://www.microsoft.com/usability/UEPostings/ProductReactionCards.doc 

 
2.3 Driving Simulator and Environment 

The study was conducted with a high fidelity 
driving simulator as a carrier for the prototype interface 
(Figure 6). The simulator vehicle cab included factory 
standard automotive controls, programmable LCD 
displays, and a simulated HUD display on the same 
screen as the driving environment. The driving 
environment was viewed on three projection screens 4 
meters in front of the driver with a total about 100 
degrees forward viewing angle. The simulated 
environment consisted of a rural environment with 
moderately curved roads with some oncoming traffic. 

 

 

FIG 6. Displays and controls inside the driving simulator. 
 

Standard deviation of lane position (SDLP) and 
lane exceedances (LANEX) (Caird and Horrey, 2011) 
were used as measures of lateral control. LANEX was 
in this study defined as the time the centre of the car 
exceeded three-quarters of the lane width, with the 
wheels slightly outside of the lane (Figure 7).  

 

 
FIG 7. LANEX measurement illustration 

 
2.4 Participants 

In this study 20 participants from the university; 
four university academics within the same department 
as the researcher, six academics within other areas of 
the university, five university administrators, and five 
students participated. In total eight females and twelve 
males in the age range of 22-60, M = 36.1 years. All 
participants had a driving license and all but one had 
direct access to a car. The average reported technology 
interest among the participants was 6.85 on a ten-point 
scale. Ten participants reported that they drove daily, 
five weekly, two less than weekly but with previous 
big driving experience, and three drove less than 
weekly. Nine participants had access to a car of year 
model 2007 or newer. When asked about their 
tendencies to personalize their products, 19 participants 
responded that they personalize products in some way. 
Regarding personalizable features in their vehicles, one 
had a 7” screen, which included some personalizable 
features, four reported trip data as the only changeable 
feature of the vehicle interface, and the rest reported no 
changeable features in their vehicle interfaces.  

 
2.5 Procedure 

The study consisted of five main parts; a think-
aloud session (Someren, Barnard, and Sandberg, 1994) 
where the participants personalized the vehicle 
interface according to their preferences, a baseline 
drive with the driving simulator, a driving session with 
the additional task to perform an personalization 
process while driving, a Computer System Usability 
Questionnaire (CSUQ)(Lewis, 1995) to evaluate the 
system’s usability, and a post-session interview guided 
by Microsoft product reaction cards,  part of Microsoft 
Desirability Toolkit, (Benedek & Miner, 2002). 
 
Think Aloud 

At first, the participants had a training session with 
the driving simulator that ended when the participant 
felt that he or she had sufficient control over the 
vehicle. The first experimental session started with an 
overview of the personalizable vehicle user interface 
by the experimenter. The participants were shown the 
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display positions of the system, and five main ways to 
interact with the touch screen; double-tap to bring up 
the add app menu, double tap app or access options via 
the options bar, flick the apps to other displays or move 
via the options menu, and swipe the background to 
switch between home screens. The participant was then 
encouraged to personalize the system in a way that 
would suit their taste and preference, while, at the same 
time explaining all their thoughts and actions in a 
filmed think aloud session. The think aloud session 
ended when the participant found the interface 
satisfactory. The participants then got to test their 
newly personalized interface in a baseline driving 
session. The driving scenario was reset after the 
baseline drive and the participants were asked to drive 
the same route again with four additional tasks; choose 
another colour scheme, resize one of the apps, change 
speedometer type, and swipe to another home screen 
and add a app there.  

 
Post Experiment Sessions 

The driving simulator session were followed up by 
a CSUQ questionnaire (Table 4). Minor phrasing 
adjustments were done to fit the setting of this study 
and to avoid participant confusion, when reacting to 
each statement. Three workstation related statements 
were also removed due to lack of relevance in this 
setting: ‘I can effectively complete my work using this 
system’, ‘I am able to complete my work quickly using 
this system’, and ‘I believe I became productive 
quickly using this system’.  

 
TABLE4 

CSUQ items 

 
 
Two additional questions were removed in the 

analysis phase because ost participants did not receive 
any warning message, and the question regarding 
mistakes was interpreted very differently among the 
participants: ‘The system gives warning messages that 

clearly tell me how to fix problems’, and ‘Whenever I 
make a mistake, the system helps me recover easily 
and quickly’. 

After completing the CSUQ questionnaire the 
participants were asked to tick adjectives in a list 
according to Microsoft product reaction cards, that they 
thought best described their experience with the 
prototype. They were then asked to circle the five most 
descriptive words, which was used to guide the 
following interview. The interview also comprised 
other relevant questions (Table 5), which together with 
the circled adjectives is supposed to uncover any other 
views about the system or personalization. 

 
TABLE 5 

Interview items 

 
 
3. RESULTS 

The results are reported according to the most 
commonly assessed variables for personalizable 
systems according to Van Velsen et al. (2008b): actual 
use, system adoption, and, system output, which relate 
to implications for traffic, and also user experience and 
attitudes.  
 
3.1 Implications for Traffic 

The implications for traffic are mostly reflected by 
the think aloud and driving simulator sessions and 
supported by the CSUQ. 

 
Actual Use 

Data from four participants were removed from the 
analysis, three due to data loss and one due to simulator 
sickness. A paired samples t-test revealed that there 
were no significant statistical differences between 
actively personalizing the system, while driving and 
the baseline drive regarding any of the measures; lane 
exceedances (LANEX), Standard Deviation of Lane 
Position (SDLP), or standard deviation of speed (Table 
6). These aspects are visualized for one participant in 
(Figure 9). 

TABLE 6 
Driving simulator control 
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In addition to the driving simulator data seven 
participants felt that actively personalizing the system 
while driving had a negative effect on driving 
performance and two believed that it might be 
distracting. However, all stated that there were no 
negative effects while driving with their preferred 
layout, when it was set up prior to the driving session. 

The average CSUQ usability score was 5.33 on a 
seven-grade scale (Figure 8), which implies a high 
usability. However, the think-aloud session revealed 
some usability issues with the prototype, mainly in the 
first session when the participants experienced the 
system for the first time and took their time to explore 
the system and how it worked. Of the issues, while 
exploring the system, 53% related to moving and 
relocating apps, where the participant had problems 
with either flicking the app to another display or tried 
to drag and place the apps in the corners of the 
centerstack display instead of flicking them. The next 
most frequent type of issue (27%) occurred when the 
participant interacted with options for either the system 
or the individual apps, mostly when trying to open or 
close options dialogues by clicking incorrect places. 
The third most frequent issue (20%) was related to 
adding of apps, where the participant did not recall 
where to add apps or tried to use single a click instead 
of a doubleclick. Beyond this, due to the prototypic 
nature of the system were a number of additional either 
bug or hardware related issues. The most common bug 
was that the touch screen did not respond to the 
double-click event or that the touch screen interpreted 
lifting the finger from the screen as a flicking or 
swiping event. However, these issues did not stem 
from the intended idea of interacting with this 
prototype. 

 

 
FIG 8. CSUQ scores 

 
The number of issues dramatically decreased when 

the system was used while driving. This is probably a 
cause of the more precise goals the participant had 
while interacting in traffic, and the more focused and 
shorter time the participant interacted with the system. 
Many participants took their time to really explore the 
system while parked, which led to lengthier 
interactions with the system, less precise reasons for 
the participants’ actions, less fear of doing something 
wrong, and, thus, they also more stumbled upon more 

usability issues. While driving only three severe 
enough issues occurred where the interaction sequence 
was delayed. Once where the participant failed to flick 
an app to another screen, and twice where participants 
did not recall the location of the speedometer options. 
Some minor issues related to adding of apps, moving to 
other screens, and accessing options also occurred. 
However, these did not affect the flow of the 
interaction noteworthy. 
 
System Adoption 
All participants responded that they would use such a 
system if it were built into a real car (Table 7). Nine 
responded that they would absolutely use the system. 
Eleven would use the system for changing settings for 
different contexts as exemplified by one of the 
participants: ‘Yes, absolutely. Mostly different driving 
modes. On rural roads I’m perhaps not always 
interested in navigation, but in the city I might need 
navigation. A driving mode for night as well’. Eight 
acknowledged a use for the system if more than one 
person uses the car. Three would use different home-
screens for different modes. Six would use the system 
to reduce the amount of information displayed to some 
extent, as exemplified by the following participant: ‘I 
don’t want to have just about anything, only the most 
important. The less you use something, the farther 
away it should be placed’. Regarding how often the 
system would be altered, six would probably 
personalize the system once and then leave it as is, six 
would change things if they discover that something 
else is more beneficial until things stabilize, and six 
would take some time and initially experiment with the 
system to discover possibilities.  
 
System Output 

The CSUQ yielded an overall interface quality 
score of 5.17 on a seven-grade scale, which implies 
that the prototype was perceived as comprehensible 
and does not obstruct the user. Regarding 
unobtrusiveness, most participants agreed that using 
this system could improve the driving safety by making 
the user interface more tailored towards what the user 
needs and wants and by removing unnecessary 
distraction. Fifteen stated that driving safety is 
supported by a system, that has previously been 
personalized as exemplified by the following: ‘If you 
personalize while standing still it will be better and in 
the way I want to have it’, while six participants stated, 
in a positive manner, that the driving safety would not 
be reduced by such a system. Six participants also 
argued that using this system would not impact driving 
safety more than using traditional vehicle features such 
as radio or navigation aids as exemplified by the 
following: ‘It’s not dangerous. It’s about the same as a 
GPS navigator’. Fourteen participants agreed that 
making alterations, while driving, would deteriorate the 
driving safety. Seven stated that they would like to put 
constraints of the system while the vehicle is in traffic 
and five believed that they would probably be tempted 
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to use the system in traffic if they had that possibility. 
Four claimed that they generally avoid using other 
gadgets or vehicle functionality that is not directly 
related to driving. The main reason for not using the 
system in traffic was according to five participants the 
implementation on a touch screen; e.g. they did not like 
to look away from road without any tactile guidance of 
physical controls. 
 
3.2 User Experience and Attitudes 

The experiences with the prototype were positive 
and satisfactory with a CSUQ satisfaction score of 
5.45. The most frequently chosen experiences among 
the top five circled words were all in a positive manner, 
except for Distracting: Flexible (8), Easy to use (6), 
Usable (6), Useful (5), Distracting (4), Fun (4), and 
Intuitive (4). When considering all reported 
experiences, the most frequently chosen ones were: 
Usable (12), Understandable (12), Easy to use (12), 
Useful (11), Fun (11), and Flexible (11). The 

usefulness was expressed by one participant as: 
‘Absolutely useful. When you have different needs you 
can lift up things you’ll need. Like placing the air 
condition controls up high so I don’t have to look 
down’. Some participants also emphasized aspects of 
self-expression and the possibility to nurture one’s 
creative sides by personalizing the system as 
exemplified by the following: ‘It inspires you to be 
creative’, ‘You get very eager to play around with the 
system and you can always keep on optimizing it’. 

The most common wish for improvements, given 
by five participants, was to be able to place the apps 
more freely within the different displays, not only 
between the displays. To avoid having to set up 
everything from scratch three participants wanted a 
template to build from, in order to make it easier for 
people not interested in a personalizable system to use 
the car, and to make sure that everything necessary is 
used.

 

 
FIG 9. Difference in vehicle control between baseline and experimental run visualized for one participant 

 
TABLE 7 

Summary of interviews 
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4. DISCUSSION 

The discussion is structured according to the 
system’s implications for traffic, implications for the 
user experience, and how the findings would impose 
implications for the design of personalizable in-vehicle 
systems. 
 
4.1 Implications for Traffic 
 
System Output 

The relation to traffic safety is important when 
evaluating in-vehicle interfaces and reduced lateral 
control could imply a number of problems related to 
effectiveness, efficiency, compatibility, and learnability 
(Harvey, Stanton, Pickering, McDonald, & Zheng, 
2011). None of the driving simulator metrics showed 
any statistically significant deviations from a normative 
route, while actively personalizing the system 
compared to the baseline drive. This is desirable, of 
course, because the intention of such a system is to 
improve the driver’s situation. Even though in-detail 
personalization is likely to take place while the vehicle 
stands still and detailed features are likely to be 
restricted while driving, the participants were forced to 
execute some rather detailed tasks in the experimental 
setup. This was done to extract and identify as many 
usability issues as possible because even minor 
usability issues can have great impact in safety critical 
traffic situations. Some of the participants may have 
experienced the prototype as distracting due to this 
reason, which is almost paradoxical, because most 
participants highlighted the system’s abilities to reduce 
complexity as one of the major aspects that make such 
a system useful. However, it is not likely that driving 
with your own layout of in-vehicle information would 
be perceived as distracting for any longer period 
because the layout and content can always be altered 
into a better fit to the user at any time. Some of the 
participants also did not think that this particular 
system was harder to use than a navigator.   

The system comprehensibility was explored in the 
interviews and by the CSUQ variable Information 
quality with a score of 5.31. This means that it is 
possible to design a comprehensive and clearly 
understandable personalizable in-vehicle system with 
an easy-to-use interface. The CSUQ variable Interface 
quality with a score of 5.17 means that the participants 
experienced the interface as unobtrusive, clear, 
understandable, and not disturbing. 

 
System Adoption 

All participants were positive towards using the 
system and would use it in their own car. They also 
believed that this type of system could probably be 
considered appropriate for use in vehicles as long as 
the driver do not have to make detailed personalization 
while driving. The identified areas of use were: for 
different contexts, for different users, for different 
modes, and to reduce amount of information. There 

were some different views on how often the system 
would be used, ranging from only personalize it once 
and keep it that way to reconfiguring when something 
else is discovered to be more beneficial. In order to 
fully take advantage of such a system’s abilities, an 
explorative and reflective behavior is helpful in order 
to identify what could be done and also have some 
consideration if particular changes really improve the 
situation for the user.  
 
Actual Use 

In order to study the intuitiveness of the system, the 
participants did not get any training in how to use the 
system, except for being shown the main interaction 
principles once. Given this, the number of recorded 
usability issues was very few and indicated that the 
system was intuitive and easy to use and that the 
smartphone analogy helped the participants to 
understand how the system should be used by relating 
to the use of their own devices. However, the least 
smartphone specific interaction principle, the flicking 
gesture, caused some usability issues. The think-aloud 
sessions and interviews revealed that the system was 
very intuitive to use. Only in three occurrences did the 
usability issues cause any inconvenience while 
conducting task and driving at the same time. One 
participant did not manage the flicking movement at all 
and two participants did not locate the speedometer 
options. The majority of all usability issues were 
related to the flicking movement. The interaction 
principle itself was very intuitive, however, the issues 
may to a large extent be a cause of how the gesture was 
implemented due to limitations in the hardware and 
would not be an issue in a more advanced touch screen. 
The other issues were in the type of accidentally 
making erroneous clicks or minor confusion where to 
find the searched for option.   

 
4.2 User Experience 

Utility, or pragmatic, as well as hedonic qualities 
need to be considered in order to form a good user 
experience (Hassenzahl, 2004). These aspects also 
matter when humans make a choice (Tractinsky, et al., 
2011). It was shown that the personalizable user 
interface prototype was experienced mostly in a 
positive manner. Both pragmatic qualities, such as 
usability and usefulness, and hedonic qualities, such as 
enjoyment, intuitiveness, look-and-feel aspects, and 
ability to express the identity of the user were 
represented. Because of the seriousness of the driving 
and traffic context, one would assume that the system 
functionality would have the highest impact. However, 
the look-and-feel personalization is liked because it 
makes the user feel good, but it can also affect other 
parts of the product; e.g. if the product can make the 
user feel good it will be accepted and used and the user 
will benefit from the positive aspects of the system 
(Mugge et al., 2006). Regardless the feel-good aspects 
the participants could clearly see the usefulness of such 
a system in traffic, however, it was also reported to be 
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experienced as distracting if the system would have to 
be personalized while in traffic. Because the vehicle 
user interface is foremost perceived as a tool for 
instrumental aspects, such as helping the driver with 
the driving task, great emphasis is on avoiding negative 
effects on the important traffic safety. However, as 
long as the system is not actively tailored in traffic the 
positive experiences remain. 

 
4.3 Methodological Reflection 

The research through design approach used tries to 
pay respect to the transparency of methods and well-
defined experimental design from the experimental 
laboratory approach and stretch it towards a broader 
open-ended experimentation (Binder, 2007). This 
approach considers the multiple needs of design 
(Koskinen, Binder, and Redström, 2008) and strives 
towards capturing interactions as if they would have 
occurred in the real world (Overbeeke, 2007) in order 
to increase the study’s ecological validity. All the 
different perspectives of a design will have to be 
brought forward to the participant (Ullmark, 2011). 
Thus, the multitudes of perspectives are best evaluated 
with multiple methods and the areas of interest for 
evaluation pointed out by Van Velsen et al. (2008b) 
have been shown useful. In line with the findings of 
Van Velsen et al. (2011) and Normark and Gustafsson 
(in press) the think-aloud method generated knowledge 
on the usefulness of the system and identified the most 
critical usability issues. The questionnaire-type 
methods gave positive assessments of the prototype, 
while the interview revealed more in-depth both 
positive and negative aspects of the system. The 
driving simulator supported by the interviews revealed 
the system’s effects on traffic. A risk with using many 
different methods is that they only skim the surface. 
However, because the purpose is to explore a new area 
this is not considered a big issue.  

The participants reflected different age groups, 
levels of education, and different driving experience. 
However, they were relatively few and skewed towards 
being rather interested in technology. Thus, there is a 
possibility that they were overly positive towards 
personalizing their products. However, there might be 
some bias regarding the participants’ interest in 
technology, where most participants refrained from 
using the lower end of the scale. E.g. one participant 
claimed to be not at all interested in technology, but 
reported the score five on a ten-grade scale anyway. 
Nevertheless, it may be sufficient with fewer and more 
homogenous participants, because the prototype is used 
to gain insight in a process of changing an existing 
situation into a preferred one (Simon, 1996), and to 
explore the unknown effects of technology in a new 
context instead of studying causal relationships 
between parameters and user experiences (Koskinen et 
al., 2008).  

The absence of statistically significant deteriorated 
driving performance while actively using the system is 
believed to be a result of the very limited time most 

interactions with the system took. The measuring 
instruments might not be delicate enough, the task 
might not be obtrusive enough, or the measures might 
not be able to differentiate between driving and 
secondary task effects (Grane and Bengtsson, 2013) to 
capture any negative effects. However, the ability to 
make fast interactions in the system solely implies that 
the system was functioning as desirable. 
 
Prototype design 

The importance of designing and evaluating a 
prototype before further development is stressed by 
Floyd (1984) and Buchenau and Fulton Suri (2000). 
The design of the prototype should undergo several 
redesigns, evaluations, and implementations, hence, 
this study represents a design iteration of the prototype 
studied in Normark and Gustafsson (in press). 
 
4.4 Implications for Design  

The results from this research through design 
approach, with an artefact as final outcome, can 
contribute to the HCI community in several ways 
according to Zimmerman, Forlizzi, and Evenson 
(2007): it can show opportunities and the impact on the 
world for new technology, it can integrate theory, 
technology, user needs and context, and it can inspire 
engineers and designers in their future work.  

One implication of transferring the power of 
deciding the final design or output of a highly 
personalizable product is that the users might not know 
what is best for them. Designers should therefore 
design a system with appropriate boundaries for the 
user to stay within to maintain a good user experience 
and a safe traffic environment. In order to guide 
designers in such an endeavour some general design 
guidelines are elicited from these results (Table 8). 

 
4.5 Further Research 

Even though the absence of detrimental effects on 
driving performance is absolutely necessary for a 
system like this the long term effects of such a system 
needs to be studied to find out how the system will be 
used in everyday driving and how it will affect the 
driver’s behavior. However, the potential to convey 
positive effects for the driver will also have to be 
explicitly studied because of the aim to improve the 
user experience and the traffic safety. 

 
5. CONCLUSION 

The most salient result in this study is that the 
notion of personalization of vehicle user interfaces was 
well received by the participants and that these types of 
systems seem to be beneficial for future automobiles. 
The participants could see the usefulness of the system 
and believed that a system tailored to their needs and 
preferences before the vehicle is driven in traffic have 
the possibility to contribute to safer traffic due to the 
better adaption to the driver. The smartphone analogy 
was shown to make good use of the touch screen  

 



                                            PERSONALIZABLE IN-VEHICLE USER INTERFACE    11 

TABLE 8 

Guidelines for personalizable vehicle user interfaces 

 
 

technology and was shown to increase the users’ 
familiarity with a new technology. This study did not 
show any detrimental effects related to the prototype 
interface on the driving performance. In addition to the 
instrumental and functional benefits of the system, 
many participants emphasised the more hedonic look-
and-feel aspects of the system and the system’s 
capability to make the driver feel good by having a 
personalized design.  

 It can be concluded that this type of personalizable 
vehicle interfaces can increase both the usefulness and 
the user experience with the product 
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In earlier research it has been shown that a personalizable product, one that is 
flexible and can be tailored to suit the users’ needs, can offer a closer, more 
emotional and personal attachment to the product that affects the way the product is 
used and experienced. The possibility to personalize a product can increase both user 
experience of the product and usability, since unwanted functions and appearance 
related features can be removed and other features more usable and relevant to the 
user can be chosen. The objective of this paper is to show that the possibility to 
personalize a product is beneficial for users emotional responses towards the 
product. In this paper data from a study that used experience prototyping to study 
what happens if computerized interface personalization features are brought into the 
vehicle context. Twenty participants participated in a study, where a personalizable 
vehicle driver interface prototype was evaluated with a number of methods, for 
example interviews and Microsoft product reaction cards. The interface prototype 
was integrated in a high fidelity driving simulator and the participants interacted 
with the system both while driving the simulator and while standing still in order to 
be in the right context for increased ecological validity. All of the participants 
would, to some extent, like to use a system like this in their own cars. The possibility 
to make a product ones’ own with a personal touch was important for many 
participants. This makes the users feel better and the product funnier and more 
entertaining to use. The usefulness and flexibility of the system was the most salient 
features and about 22% of the words best describing the users experience with the 
interface were related to their emotional experiences. It can be concluded that 
personalizable vehicle interfaces can increase both the usefulness and the user 
experience with the product. 
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Lately, there has been a great focus on positive emotional experiences within 
human-product relations. This follows the increasing interest in positive affect and 
emotions in positive psychology (Seligman and Csikszentmihalyi, 2000). 

There are many frameworks for describing this relationship and many share one 
characteristics that differ them from traditional human factors design, namely the 
view on where pleasure come from: removing usability issues that causes the user 
some pain versus promoting positive aspects of the product that provide delight and 
enhancement. There are studies within affective human factors design that show that 
positive affect and emotion leads to, for example, more creative and flexible decision 
making (Isen, 2001), increased perceived usability when the product is regarded as 
aesthetically attractive (Ben-Bassat, Meyer, and Tractinsky, 2006; Sauer and 
Sonderegger, 2009) and also that the user performs better (Sonderegger and Sauer, 
2010). Also Jordan (1998) has shown that aesthetics as well as usability and 
performance affect the user’s pleasure with the product. The distinction between 
removing pain and promoting pleasure translates to the difference between utility 
oriented perspectives (problem solving, useful and usable) and hedonically oriented 
perspectives (feeling, aesthetics, attractiveness). This distinction is present for 
example within the frameworks of Jordan (2000), Forlizzi (2008), and Hassenzahl 
(2003) who defines the views as pragmatic qualities and hedonic qualities. The 
emotional relationship is specifically important in personalized products. For example 
Blom and Monk (2003) state that personalized IT affects users in emotional, 
cognitive, and social ways. 
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There are ways to bridge the gap between users’ needs and the solutions that 
satisfy them, for example Gkouskos and Normark’s (2014) need dimensions. A 
personalizable product can form the solution that satisfies many needs. In order to 
make a similar bridge over the gap between users’ needs and the actions people take 
when they personalize their products Oulasvirta and Blom (2008) use the notion of 
motivation. The users’ motivations for using personalization features are important 
for which type of emotional affect the product will convey. They make a distinction 
between extrinsic motivation (something outside of the user mandates what to be 
done) and intrinsic motivation, (the task itself motivates). According to Oulasvirta 
and Blom (2008) personalization features can support the users to align their 
motivation with their actions. Personalization features also help nurturing the users’ 
intrinsic motivation. Utility aspects are often related to extrinsic motivation and 
hedonic aspects are often related to intrinsic motivation. Oulasvirta and Blom’s 
(2008) motivations build upon Deci and Ryan’s (1985) Self Determination Theory 
(SDT), which identifies three basic needs: autonomy, competence, and relatedness. 
Among the motivations for personalization identified by Oulasvirta and Blom (2008) 
that are related to SDT are: control and stabilization, differentiation, flow, emotional 
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expression, ego-involvement, identity expression, and territory marking. 
Motivational views in personalization are also present in other studies. For 

example, Fan and Poole (2006) have identified four different strategies for 
personalization each with different motivations for using personalization features: 
Architectural, Relational, Instrumental, and Commercial. The motivation for using 
personalization related to the architectural view is to express oneself through the 
design of one’s environment. The relational view is motivated by socialization and a 
sense of belonging. The instrumental view caters to humans’ efficiency and 
productivity sides. The motivation related to commercial personalization is to 
increase ones material and psychic welfare.  

There are also many other motives for using a personalizable system to address 
hedonic and emotional factors. For example, people can express themselves through 
products that represent events, relations, or feelings important to the her or him 
(Hassenzahl, 2003), the user’s personal and group identity can be represented (Blom 
and Monk, 2003), and the users identity can be represented by modifying and 
making an interface of her or his own (Kleine, Kleine, and Allen, 1995). Mugge, 
Schoormans, and Schifferstein (2009) and Normark and Mankila (2013) also showed 
that the attachment between user and product is important for the adoption and usage 
of personalized products. 
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Van Velsen (2011) points out that research regarding personalization is mostly 

within effectiveness and efficiency and that usability and user experience are 
underrepresented in personalization research. This gap in the research motivates the 
aim of this paper: 
 
• What are the users’ emotional experiences with a personalizable vehicle 

interface prototype? 
• What motivates people to use hedonically oriented personalization features? 

 
� �������
�
��� ���
	
�����

 
This study consisted of 20 participants from Luleå University of Technology, 

four university academics within the same department as the researcher, six 
academics within other areas of the university, five university administrators, and 
five students. In total eight females and twelve males in the ages of 22-60 years, M = 
36.1 years. When asked about their tendencies to personalize their products 19 
participants responded that they personalize their products in some way.  
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The participants were first given an overview of a vehicle interface prototype 

(Figure 1) that could be personalized similarly to a smartphone. The user could tailor 
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the functions to be active in the system (e.g. activate different apps), where to place 
them, and the appearance of the interface in terms of color, size etc. The prototype 
also allowed for different home screens, where the user could place different sets of 
information. The participants were shown the display positions of the system and 
how to interact with the system on a touch screen.   The participants were then 
encouraged to sit in the vehicle cab and personalize the system in a way that would 
suit their taste and preference. After a driving session to try out the newly 
personalized settings a post-session interview was conducted guided by Microsoft 
product reaction cards (Benedek & Miner, 2002), part of Microsoft Desirability 
Toolkit (Microsoft product reaction cards developed by and © 2002 Microsoft 
Corporation. All rights reserved.). The participants were asked to view a list of 
descriptive adjectives and tick the ones they thought best described their experience 
with the prototype. They were then asked to circle the five most descriptive words, 
which was used to guide the interview.  

The study was conducted with a high fidelity driving simulator as a carrier for the 
prototype interface. The driving simulator consists of an actual vehicle cab with 
preserved factory standard automotive controls in order to maintain a realistic setting 
for studies regarding experiences of in-vehicle systems. The driving simulator is 
equipped with integrated programmable LCD displays, and a simulated HUD 
display in order to accommodate design and testing of various in-vehicle system 
prototypes.  

 

 
Figure 1. The interface prototype inside the driving simulator.
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The results were analyzed in order to uncover to which extent the participants’ 

experiences with the prototype were emotionally laden. Also, to which extent the 
participants personalize their personal gadgets to reflect the hedonic view. Two 
views on motivations for personalization were merged into one framework, and 
finally, the participants’ experiences with the prototype were compared and matched 
to these motivational views. 

 
Figure 2. Word cloud visualising most frequently chosen words. (Created with 

wordle.net) 
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The participants were asked whether they usually personalize their own phone or 

computer. Almost all, 19 participants, reported that they personalize either one of 
those. Fourteen participants personalized both functionality and appearance of the 
product. Nine participants personalized things related to structure and eight to make 
the device more personal, relevant, or to make it feel new. Four altered for better 
performance specifically. 

After having had some experience with the prototype, the interviews revealed 
that most participants were positive towards the concept of personalizable vehicle 
interfaces. In general, 14 participants expressed a liking of the hedonic look-and-feel 
aspects of the interface personalization. Seven of these participants expressed that 
hedonic look-and-feel personalization was not only a bonus, but also an important 
feature of electronic consumer products in general. 
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The chosen word from the product reaction method where analyzed in order to 

study to which extent they reflected hedonically oriented experiences. The most 
frequent chosen words among the top five circled descriptive adjectives were mostly 
positive towards the prototype, except for the word ‘distracting’ (Figure 2). The 
same pattern was found, when taking all ticked words in the list into consideration. 
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Eightytwo (22%) of the total pool of chosen words were considered related to the 
users’ emotional feeling or reaction to the interface. When considering the words 
marked as being the most important the same ratio was maintained, 22 out of 100 
(22%) words were emotionally related. Only one percent among the emotional 
words were in a negative manner. The most frequently chosen emotionally laden 
descriptive words were: appealing, attractive, creative, desirable, entertaining, fun, 
and satisfying. 

 
����������������������������������������������������������

 
The research by Oulasvirta and Blom (2008) and Fan and Poole (2006) show 

some similarities and the frameworks can be roughly mapped onto each other (Table 
1).  

 
• Motivations for control and stabilization, which satisfies the need of autonomy 

strongly relates to instrumental personalization (efficiency and productivity).  
• Motivations for interest, mastery, differentiation, and flow, which satisfy the 

need of competence strongly relates to architectural personalization (expression 
through the built environment) 

• Motivations for emotional expression, ego-involvement, identity, and territory 
marking, which satisfy the need of relatedness strongly relates to relational 
personalization (socialization and belonging).  

 
Commercial personalization is disregarded since it is mostly out of the users 

influence. 
 
Table 1. Two frameworks of motivations for personalization merged together 

 

 
 
The participants’ motivations for using personalization in this study were 

analyzed and compared to the unified framework (Figure 3). The interviews with the 
participants revealed that, given that they had access to such a system, all of them 
would personalize the system to accommodate instrumental aspects. These aspects 
include selecting the suitable set of functions or improving the usability, as 
exemplified in the following quote: “It felt like I became a more efficient driver 
when I personalized as I want to have it. That what’s relevant is in the right place. 
Both the type of info and the placement”. 
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Figure 3. Percentage of the participants’ motivations related to different 

personalization strategies. 
 
However, there was also a substantial interest for personalizing to accommodate 

more hedonically oriented aspects. Fifteen of the participants seem to be motivated 
by architectural related motivations. The visual appearance for example is important 
for many participants: “I change primarily the visual appearance. For me it’s 
important to personalize the visual, not only on a functional basis”. Some 
participants were even very explicit in that they wanted to personalize in a hedonic 
way: “I want to change background and such, mostly for the feeling of it, not the 
function”. Some also mentioned intrinsically motivated views of competence and 
mastery: “You get very eager to personalize it and can’t keep away from it. You 
want to keep on optimizing the system”.  

There were also nine of the participants that expressed some kind of view related 
to relational personalization. Both that it will fit and reflect the individual: “I always 
want to change the interface, the aesthetics, to fit me. Make it a little more personal“ 
and also that there was a factor that may affect other peoples view: “It’s desirable 
both to me and to others. It can be something to brag about, that you have the latest 
apps or so”.  
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It is important to note that even if the emphasis is on the emotional side of 

human-product relations in this paper, the majority of the experiences with the 
prototype interface were still utility related. All 20 participants could see 
instrumental benefits and motivations with a personalizable interface, whereas six of 
these did not consider the hedonic side at all. Both the utility and hedonic aspects 
need to be considered at the same time in order to form a good user experience. 
Tractinsky, Abdu, Forlizzi, and Seder (2011) claim that both of these aspects matter, 
when humans make a choice, and Blom and Monk (2003) suggest that 
personalization features affect users cognitively and emotionally, but also socially. 

Many participants emphasized that the biggest advantages with a personalizable 
product is that it can be “adapted to particularly suit me”. It can be argued that this 
construct can be related to the instrumental view (it conveys the right functionality), 
to a more architectural hedonic view (it makes the user feel good), or to a relational 
view (it reflects the user’s personality). However, this construct is most probably a 



�

composite of all three of these aspects and all three contribute to making the product 
appear to be tailored to just that particular user. 

Affective design can be considered as consisting of a continuum of stages, where 
affect is considered to be the first initial reaction towards an object, while emotion is 
a more conscious longer lasting reaction developed over time (Aboulafia and 
Bannon, 2004). The relatively short time the participants in this study interacted with 
the prototype interface elicited some affective responses. However, the use of 
interviews in the study gives a broader view on how people function and can also 
give some insights in how the product is likely to affect the user emotionally in the 
future as well. 

All the participants in the study emphasized instrumental aspects in 
personalization, such as changing functions. Many of the motivations for using 
personalizable features were also categorized as related to the hedonic look-and-feel 
aspects. The smallest category was regarding relational aspects. This outcome is not 
surprising since an interface was the object of study. The vehicle interface has a 
central role in the driving of the vehicle, which is a task that is laden with safety 
related issues. Thus, the functionality must be of uttermost importance. Nevertheless, 
the hedonic aspects were still apparent and many participants highlighted that look-
and-feel aspects are important in the use of technological products.�
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