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Abstract  
 
In today’s vehicles more advanced system have been developed to enhance the driving per-
formance. To accommodate all information required, the original in-vehicle instrument 
panels are more often replaced with LCD-displays. The use of LCD-displays makes it not 
only easier to change the design of what is shown on the display, but it also leads to the 
possibility of designing the system so it increases the driver's experience. In this thesis a 
graphical user interface on the instrumental cluster was developed where shadows and high-
lights moved depending on exterior light condition in order to create a more realistic feeling 

and also to increase the user experience and usability while driving. This thesis is based on 
a patent application from 2013 conducted by Volvo Cars in Gothenburg. Volvo was also 
the client for this work. The work was conducted in the spring and summer of 2015 con-
sisting of a number of methods required to develop this user interface. For instance meth-
ods such as 3D-visualisation, image- and video editing and programming were conducted 
to receive the desired result. The result of the user testing indicated that the user interface 
contributed to increasing the user experience but also received positive reviews regarding 
usability.  
 
 
 
 
 
 
 
 
 
 
KEYWORDS: Graphical user interface, in-vehicle displays, user experience, usability, de-
sign, Volvo cars. 
  



 

Sammanfattning 
 
I dagens fordon har allt mer avancerade system utvecklats för att förbättra körningen. För 
att rymma all information som krävs har allt mer av de ursprungliga instrumentpanelerna 
ersatts av LCD-skärmar. Användningen av LCD-skärmar gör det inte bara lättare att ändra 
utformningen av vad som ska visas på skärmen, utan leder också till möjligheten att utforma 
system som ökar förarens upplevelse. I detta examensarbete utvecklades ett grafiskt använ-
dargränssnitt på det instrumentklustret där skuggor och högdagrar flyttas beroende på yttre 
ljusförhållanden för att öka användarupplevelsen och användbarhet under körning. Exa-
mensarbetet bygger på en patentansökan från 2013 utförd av Volvo personvagnar i Göte-
borg. Volvo var även kunden för detta arbete. Arbetet genomfördes under våren och som-
maren 2015 bestående av ett antal metoder som krävdes för att utveckla detta användar-
gränssnitt. Bland annat användes metoderna 3D-visualisering, bild- och video redigering 
och programmering för att erhålla det önskade resultatet. Resultatet av användartester vi-
sade att användargränssnittet bidragit till att öka användarupplevelsen men också fått posi-
tiva recensioner angående användbarhet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NYCKELORD: Grafiskt användargränssnitt, fordonsdisplayer, användarupplevelse, an-
vändbarhet, design, Volvo personbilar 
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1 Introduction 
Today, displays with graphical images have become more and more realistic, closer to the 
physical in-vehicle interfaces. More advanced visualization software’s are available on the 
market which is for instance used for 3D modelling. This knowledge can be utilised to 
replace the physical elements of the car such as buttons and speedometer with graphical 
elements on displays. Today, more and more displays are implemented in cars because of 
the opportunities available to visualize the graphic elements which enhance the driver's 
experience. With opportunity to adapt those displays to a specific vehicle, it is possible to 
increase the company’s attractiveness on the market. With graphical interfaces it is possible 
to create 3D Effects on a display such as shadows behind objects like buttons or the speed-
ometer but also simulating glare on the speedometer which gives a more realistic expres-
sion. To enhance the experience even more when driving, it is possible to change shadows 
and highlights on the graphical elements dynamically depending on the sun's position, di-
rection and strength relative to the car's position. Volvo Car Corporation in Gothenburg 
has developed a sensor that works for just this purpose, but in the current situation, it is 
used exclusively to regulate the climate in the car. It is here this thesis comes into the pic-
ture. Volvo has formulated a thesis work that aims to visualise graphical elements for the 
vehicle displays based on external lighting conditions and implementing it in their newer 
car models. The purpose is to increase the driver's experience and usability but also to 
become more competitive on the automotive market. This is a Master thesis in Industrial 
design engineering at Luleå University of Technology. The work is external which means 
that the work will not take place at Volvo Car Corporation in Gothenburg but instead at 
the University.  
 
 

1.1 PROJECT INCENTIVES 

The Project incentives began about three months before the project started. The student 
also tried to contact Volvo about one year before the thesis but was asked to return later. 
Volvo did not have any thesis offer out on the website at the present time. Instead contact 
was made with Jörgen Normark PhD at Luleå University of Technology and asked him for 
help to contact Volvo Cars. He then contacted Claes Edgren at Volvo which resulted in an 
external thesis work for Volvo Cars. With external means that the work did not take place 
at Volvo Cars in Gothenburg but instead at the University.  
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Volvo Cars needed one that could visualise and develop a new kind of graphical user inter-
face (GUI) that dynamically changed the shadows and highlights of the GUI’s elements 
based on the exterior light conditions. Volvo had in 2013 applied for patent (Edgren, 2013) 
but they had not begun to develop this GUI at the moment. Thereby, the mission was 
transformed to a master thesis, this master thesis.  
 
 

1.1.1 Mission  

This mission was as described based on a patent application from 2013. The mission of 
this thesis was thereby the same as the patent application (Edgren, 2013). It was based on 
developing a GUI that was linked to the exterior light conditions. But how could one link 
the GUI to the exterior light? Volvo had developed a sun sensor that received data based 
on the sun’s position, height and strength to their new Volvo XC90. However, at the mo-
ment of this thesis its purpose was used to regulating the climate in the car only. Volvo 
considered that the sun sensor could be used to control other features also. Features that 
contributed to User experience when driving. Thus raised the idea of a GUI that received 
data from the sun sensor and use it to dynamically change the position of the displayed 
shadows and highlights. In brief, the mission can be described with the aid of Figure 1. As 
seen in the figure is the sun’s position in relation to the car received by a sun sensor. The 
sun sensor then sends the sun position data, e.g. strength, height and direction relative to 
the vehicle, to the GUI at the instrument Cluster in the new Volvo XC90. In order to not 
confuse, it is not the sun that revolves around the car that figure indicates. It is the vehicle 
that changes direction in relation to the position of the sun which changes the values of 
the sun’s position received by the sun sensor. 

 

 
Figure 1. The mission of this thesis. 
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Since LTU and Volvo both was principals of this thesis work, they required different level 
of analysis. Volvo required that the user experience (UX) of the developed system needed 
to be analysed meanwhile LTU required analysis of Usability and UX. The student fol-
lowed in this case the schools recommendations and analysed both Usability and UX. Us-
ability was analysed in form of legibility and if the system distracts the driver while driving 
(perception). UX on the other hand was analysed by asking the participants of the user test; 
if the developed GUI contributed to a better experience while driving.  
 
 

1.2 PROJECT STAKEHOLDERS 

The project stakeholders of this thesis are primarily Volvo Cars in Gothenburg that formu-
lated the mission but also LTU that was involved in this thesis. But since this thesis was 
directed to Volvo, all persons that drive a Volvo are possible stakeholders for this thesis but 
also the one considering buying a Volvo. The system may attract others to buy a new Volvo. 
A new Volvo car which invests more in luxury feeling as Volvo XC90 placing greater de-
mands on the consumer to have a stable economy. Thereby the stakeholders could be de-
scribed as: All persons with driving licence that has stable economy.  
 
 

1.3 PROJECT OBJECTIVES AND AIMS 

The purpose of the project is to develop and evaluate a vehicle user interface where shadows 
and highlights on graphical elements are dynamically changed based on the sun's position, 
direction and strength. These elements should appeal to the user without in any manner 
disturbing or attract too much of the driver's attention when driving. 
 
The goal of the project is mainly to develop a prototype of the graphical interface that can 
be implemented in a new Volvo. This interface should increase competitiveness of Volvo 
and attract car buyers. The goal is also to produce a secure system that assists the driver in 
the car and do not interfere during the drive. At the end of the project the aim is that the 
visualized graphical elements should be implemented on a display in the car for a more 
realistic user testing. Here the usability of the visualized interface and the drivers’ experi-
ence is analysed. 
 
To fulfil the purpose of this thesis, there is need for deeper knowledge in the area of ana-
lysing and visualisation methods for car environments. Thereby these research questions 
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should be answered in the end of this thesis. 
 

 Can graphical elements that enhance the sense of reality compensate for the imple-
mentation of LCD screens instead of physical control panels? 

 
 Is the user’s experience of the system enhanced if the shadows and highlights dy-

namically changes depending on the sun’s position? 
 

 Does a system with dynamically moving shadows and highlights contribute to en-
hanced usability? 
 

 Is the driver’s attention affected in any manner, positive or negative? 
 
 

1.4 PROJECT SCOPE  

This master will proceed throughout the spring term of 2015 which is approximately 20 
weeks. This thesis is external which means that the work will take place at Luleå University 
of Technology. It also means that this project has no budget from Volvo but they instead 
can support with needed equipment.  
 
Because of the limited time of 20 weeks the whole interface will not be visualised. It means 
that only a prototype of the interface will be created and not a finished solution. Because 
of the rendering time and the large amount of images every rendering process will bring 
not all positions of the sun will be included in the visualisation. It only focuses on a few 
different approaches. 
 
The project focuses on Volvo Cars without Head-up-displays (HUD). Thus any research 
about HUD will not be taken into account in this thesis. 
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2 Theoretical framework 
The theoretical framework chapter contains of all valuable theory for this project. The the-
ory includes guidelines for designing visual displays regarding colour choice, legibility, font 
size and the presentation of information. Also theory regarding the research areas user ex-
perience and usability is represented. 
 
 

2.1 INDUSTRIAL DESIGN ENGINEERING 

Industrial design engineering in the area of product development is a combination of In-
dustrial design and Engineering design. Industrial design includes product characteristics 
such as shape, colours, texture, sounds, product identity, user orientation and product er-
gonomics. Engineering design on the other hand includes the engineering work in a devel-
oping process. The engineering process includes for instance conceptual design, detail de-
sign and production planning where products analysis of functionality and usability is meas-
ured to get the product ready for market (Cross, 2008; Johannesson, Persson & Pettersson, 
2004; Hales & Gooch, 2004)  
 
This project includes both the areas Industrial design and engineering design because the 
project contains both a visualisation phase and an evaluation phase. The aesthetic phase 
will consist of a visualisation process in a 3D-visualisation program such as Alias Automo-
tive 2014 or Maya 2014. The goal is to visualise the instrument cluster in 3D to get more 
depth in the display and the 3D-object should drop shadows on an underlying surface. The 
shadow will also be adjusted in relation to the sun’s position, direction and strength. The 
engineering phase consists of for instance an analysing part where the developed interface 
is evaluated based on the areas of usability, perception and user experience. The whole 
project is in fact a product developing process with all steps from idea generation, concept 
developing to a prototype that can be implemented on a display in the cars instrument 
cluster.  
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2.2 GUIDELINES AND STANDARDS FOR VISUAL 

DISPLAYS 

This section is based on important guidelines and standards for visual displays. According 
to Young, Lee & Regan (2008) could guidelines be described as how something should be 
done compared to standards that describe how something must be done. They divide the 
guidelines into two different areas, design- and performance guidelines and standards. De-
sign guidelines refer to physical characteristics in the vehicle, such as how the characters in 
displays should be designed to ensure good legibility. Performance guidelines pertain how 
something should function, such as guidelines for limitation of time and errors when in-
teracting with a specific system.  
 
The systems in today’s automobiles have become more advanced which may distract the 
driver’s attention when driving (Normark & Gärling, 2011). Horberry et al. (2006) stated 
that driver distraction causes about 25 percent of all car accidents. Thereby is it an im-
portant area to analyse further in this thesis.  
 
This research is also important in the creation of usable and entertaining graphical user 
interfaces (GUI) that was the main mission in this thesis. A GUI is the appearance of an 
application that the user interacts with on a visual display of a device e.g. smartphones or 
computers. (Engdahl, 1999; Barnum, 2010). The GUI is the part of the software which the 
user can visually interpret and use. 
 
 

2.2.1  The line of sight and display location  

When driving shall the driver have full awareness of what happens on the road. Despite 
shorter glances on mirrors or instrumentations, the driver’s sight shall be directed towards 
the road (Stevens, Quimby, Board, Kersloot & Burns, 2002). The line of sight refers to the 
driver’s normal gaze of the road which constitutes both eye- and head movements (Stevens 
et al., 2002; Diffrient, 1974). Dictionary of Visual Science (2015) define the line of sight as 
“the line connecting the point of fixation and center of entrance pupil to the fixating eye”. 
Diffrient indicates that comfortable head movements can be made within 45° in horisontal 
plane and 30° in the vertical plane. An effortless eye movement can be made within 30° 
(Diffrient, 1974; Chengalur, Rodgers & Bernard, 2004) and maximum downward angle of 
the eye is 35° (Diffrient, 1974). In seated position is the normal line of sight 15° bellow the 
horisontal line of sight and about 5° of those 15° is accounted for the natural head tilt 
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(Chengalur et al., 2004). Okabayashi, Sakata & Hatada (1993) on the other hand consider 
that the eye fixation point on the road is located around the horizontal line with 2 to 3 
degrees variance vertically depending on traffic conditions.  
 
Stevens et al. (2002) describes that the displays with important information for the driving 
task should be located within 15° of the normal line of sight in vertical angel and preferably 
15° in horizontal. They consider that displays located near the drivers’ line of sight reduce 
the driver’s time of the road. Diffrient (1986) and Sanders & McCormic (1993) also agrees 
with this statement while Green et al. (1993) considers that displays should be located 
within 30° of the drivers line of sight to avoid using head movements. Ross et al. (1996) 
suggest 15-20° of the driver’s line of sight and Hada (1994) suggest within 15° of the driver’s 
average eye-fixation of the road. 
 
The recommendation regarding the distance between the driver and location of displays 
slightly differs among the authors. ISO 9241-303 (2008) stated that the distance from where 
the information on displays are legible is limited by humans eye conditions. This distance 
where information is legible increases when humans become older (Hultgren, 1995). She 
means that older people need longer distance then younger to read information. Hultgren 
states that “this degradation starts at about 40 years of age and at the age of 60, visual 
distances shorter than a meter is a problem” (p.7). Even too short distances interferes good 
legibility. Distances shorter than 33 cm will strain the eyes (Berns & Ivergård, 1979). Ste-
vens et al (2004) and Green et al. (1993) defined a normal reading distance in the vehicle 
at about 70 cm. Others that agrees with this distance are Van Cott & Kincade (1972) with 
71 cm and Diffrient et al. (1981) with a distance between 33 and 71,1 cm. Osborne (1995) 
and Leibowitz & Owens (1975) both measured an preferred distance for best reading con-
ditions to 59 cm. But in their test were all participants’ young students which may be mis-
leading.  
 
 

2.2.2  Presentation of information and graphics 

In today’s vehicles are more and more technology implemented. Technology like naviga-
tions systems, collision warning systems and information systems which purpose is to help 
the driver (Dewar, 1988). But this information may also overload the driver’s processing 
capabilities and distract their main purpose to drive the car (Hada, 1994; Wikman, Niemi-
nen & Summala, 1998). Every glance at the displays is time spending away from the road 
which could lead to accidents. The recommended eye-of-the-road-time is at maximum 2 
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seconds according to National Highway Traffic Safety Administration (NHTSA, 2006) and 
Alliance of Automobile Manufacturers (AAM, 2003). Stevens et al. (2002) on the other 
hand recommend an eye-of-the-road-time at 1 second and maximum 2 seconds. JAMA (Ja-
pan Automobile Manufacturers Association) recommend a total eye-of-the-road time on a 
certain task to 8 seconds with sequential gazes from the road. If the recommendations ex-
ceeds can the driver loss vehicle control and accidents can occur (Olaverri-Monreal, Hasan, 
Bulut, Körber & Bengler, 2014). In United statets 2011 were 390 331 people killed or 
injured in accident caused by distracted drivers. Of all those accidents was more than 17% 
caused by the use of mobile phone or other in-vehicle systems (NHTSA, 2011). With these 
facts in mind is it thereby important to design visual systems that help the driver instead of 
distracting. Below follows theory that will be useful when designing and visualising the 
graphical elements in this thesis. 
 
 

2.2.2.1 The density and structure of displayed information 

Like mentioned above become vehicle systems more advanced which can either help the 
driver or distract the driver. Therefore is it important to display information in a good and 
structured manner. Olaverri-Monreal et al. (2014) indicates that the continuing increase of 
new information in prioritised areas which not always supports the driving task may upset 
and distract the driver which in turn can affect the road safety. JAMA agrees and stated 
that the content of information when the vehicle is in motion shall only relate to driving. 
Unnecessary information can conceal essential information for the driving task. According 
to Stevens et al. (2002) and JAMA (2004) the displayed information should be presented 
so the driver can immediately react to the important information without any difficulties 
to understand. The density of data should be simple to prevent errors and difficulties to 
find important information. Smith (1963) also found that both the amount of errors and 
search time increases when the data density is larger. Normark & Gärling (2011) empha-
sizes the importance of structured and low density of data when the space for information 
in the vehicle is restricted. Easterby (1967) defined the designers approach for presenting 
and structure information as “We must also define and control the information required 
to make decisions, the way these decisions must be patterned in time, the way the output 
movements must be structured and the optimum manner to structure the input infor-
mation. All these are now identifiable as problems generated by the growing complexity of 
systems.” (p.2) 
 
The recommendations regarding percentage of the information density used on displays 
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also differs among the authors. Stevens et al. considers that there should be at least 50 
percent free space around text blocks. Danchak (1976) suggest an active display usage of 15 
percent and a maximum limit of 25 percent. According to Helander et al. (1997) the infor-
mation should not exceed 60 percent of the display area. Green et al. (1993) consider the 
amount displayed information should not be more than the driver can handle because of 
the risk for distraction. They present an example where three types of approaches for the 
speedometer is tested. The purpose of the test was to determine the amount of time to read 
an analogue speedometer, digital speedometer and one containing both. The result shown 
that there was faster to read a digital speedometer than the more often utilised analogue 
but it took most time to read the speedometer where both was presented on the same time.  
 
How displays, controls and information are structured is critical for reducing the driver’s 
search time. As far as possible, information element, displays and controls should be factu-
ally grouped which means objects used together should be near each other (Green et al., 
1993; Chengalur et al., 2004; Stevens et al., 1993). Ross et al. (1996) considers the infor-
mation should be consistent presented on all displays and Stevens et al adds that in-vehicle 
systems with different function such as e-mail, navigation or entertainment should be de-
sign with a common interface. Sanders and McCormick (1993) pointed out the fact that if 
information was spread out all over the display, the search time will increase rapidly.  
 
 

2.2.2.2 Gestalt laws of perception for visual displays 

Gestalt laws also belong to the above section of how visual information, buttons and 
graphic elements should be presented for better understanding and perception among driv-
ers. Gestalt laws are often utilised to determine how static visual elements should be struc-
tured to achieve the best results (Chang, Dooley & Tuovinen, 2001). One of the founders 
of Gestalt psychology, Kurt Koffka explained the ways humans tend to visually assemble 
individual object into one with his famous statement:  
  

“The whole is more than the sum of its parts” 
      - (Koffka, 1935; p.176) 

 
He points out one of the main objectives of Gestalt theory. How the mind tends to group 
and organise information that appears to be similar or related (Allanwood & Beare, 2014). 
Smith-Gratto & Fisher (1998) listed principles regarding perception from the Gestalt the-
ory, the laws of symmetry, proximity, similarity, closure and figure/ground. These theories 
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can be helpful when visualising information and graphical elements in this thesis. For in-
stance can it be helpful when grouping elements or text together but also to draw the 
driver’s attention to valuable information for the driving task. 
 
The laws of symmetry are defined as symmetrical objects tend to look coherent. Smith-
Gratto & Fisher (1994) argued that objects without symmetry will appear incomplete. 
Preece, Rodgers, Sharp, Benyon & Holland (1994) consider that objects are balanced when 
they have half of their weight on separate sides of an axis, see Figure 2.  
 

 
Figure 2. Laws of symmetry. Two similar groups placed on different sides of a line 

 
The laws of proximity indicate that objects near each other visually form a group, see Figure 
3. According to Fulks (1997) will viewers visually organise near objects into a coherent 
object. This phenomenon occur because, closely placed elements seems to be related to 
each other. 
 

 
Figure 3. Laws of proximity. Seems to be divided in three different groups. 

 
 
The laws of similarity describe that objects with similar appearance tend to be grouped 
together (Allanwood & Beare, 2014). Fisher and Smith-Gratto (1994) stated that this law 
can be used to draw the viewer’s attention. In Figure 4 draws the attention to the formation 
of triangles that tend to illustrate a big triangle.  
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Figure 4. Laws of similarity. Groups of triangles visually form a big triangle. 

 
The laws of closure are based on the human minds ability to close gaps on incomplete 
forms (Chang et al, 2001). According to Fisher & Smith-Gratto (1998–99) can incomplete 
forms distract the user and thereby want our minds fill the gaps to a complete form, see 
Figure 5.  
 

 
Figure 5. Laws of closure (Cherry, 2014). 

 
The laws of figure and ground relationships are referred as a Gestalt principle of perception 
(Wallace, 1982). It means that human’s perception divide stimuli in either figure elements 
or ground elements (Lidwell, Holden & Butter, 2010). Those elements are determined by 
the level of attention received in the perceptual field. Figure is defined as the object of focus 
and receives most attention from the observer. Ground on the other hand, defined as the 
rest of the perceptual field receives less attention and composes a background to figure 
(Rutledge, 2003-2013; Lidwell, Holden & Butter, 2010). Huang and Harold (2009) agree 
and describe the reason as “attention increases the salience of the attendant region. The 
higher the salience, the more likely is it that the region will be perceived as the figure” (p.1). 
Rutledge (2003-2013) describes the figure-ground relationship as how it allows us to per-
ceptually distinguish each objects relation to others. He considers that our perception de-
termines what object or element we need to draw attention to and what element that is less 
important for the moment. Figure and ground determination can also be distinguished by 
visual cues in the perceptual field. Lidwell, Holden & Butter (2010) listed the cues that 



13 

  

decide which element is ground and which is figure as following: 
 

 The ground continues behind the figure 
 

 The figure has a shape, whereas the ground has not 
 

 The figure looks as it is closer to the observer then the ground 
 
Authors that not entirely agree with those statements above are Rubin (2001) and Thomp-
son, Fleming, Creen-Regehr & Stefanucci (2011). They agrees that figure look as it is closer 
to the observer and ground is farther away, but they disagrees that all grounds is shapeless. 
They states that both ground and figure can have shape. Rubins vase is one example, see 
Figure 6. This figure has two different shapes within it and the human’s perception and 
attention determine what shape is figure and what shape is ground. If the attention is drawn 
to the white area of the picture, enters a vase in the perceptual field but when the attention 
is drawn to the black areas, enters two faces looking at each other.  

 

 
Figure 6. Rubins' Vase. Adopted from Thompson (2011) 
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Grossberg (1994) also indicates that more factors contribute to the figure-ground relation-
ship, such as boundary contrast between elements, difference of luminance brightness or 
colour contrast. Rutledge (2003-2013) and Grossberg (1997) consider that those cues can 
be used to create depth in a 2-dimensional medium and contribute to give the wanted 
structure, see Figure 7.  
 

 
Figure 7. Figure ground relationship. Adopted from Grossberg (1997) 

 
Figure 7A describes that the cross are in front of the square on a black background. Figure 
7B- D describes how lines and colour contrast can be utilised to change the order of the 
objects. By adding lines at the vertical sides of the square in Figure 7B, those sides tend to 
be above the cross meanwhile the horizontal sides look as it is below the cross. In Figure 
7C-D are the black and white areas in the square determining whether the cross are above 
or below the square. The white areas on the square indicates that they are above the cross 
and the black areas are below the cross because of the change of contrast (Kanizsa, 1985; 
Grossberg, 1997) and the colour white tends to be emerged from black backgrounds (Ar-
thur & Passini, 1992).  
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2.2.2.3 Legibility of information 

Legibility is defined as “distinctness that makes perception easy” (The free dictionary, 
2015). Cornog & Rose (1967) define legibility as the characteristics on displayed surfaces 
which determine the speed and accuracy where the displayed information is readable. Bhise 
define legibility as “the ability of users to read or decipher the text, graphics or symbols of 
a display” (p.211). According to Stevens et al. (2001) should the designer ensure legibility 
by consider properties such as character size and typeface, contrasts, colours and illumina-
tion.  
 
  
Character size and typeface  

To ensure good legibility for in-vehicle displays is it important to provide characters with 
right font and size. Green et al. (2002) describe the character size as the most important 
human factor because it determines if the information can be read and how long it will 
take to read it. They suggest that the character size should be 4,9 mm at the normal viewing 
distance of 700 mm in a vehicle. Grandjean (1987) and Sanders & McCormic (1993) prefer 
a character size of 4,3 mm at the same distance. One author that sticks out among the 
others is Boreczky et al. (1988). They found that response times rapidly increased when 
using a digit height under 12 mm, thus they prefer at least 12 mm digit size. Other authors 
define preferred character size in the unit minutes of arc which describe the visual angle 
between the observer and the character height, see Figure 8. 
 

 
Figure 8. Relationship between viewing distance, symbol height and visual angle. 
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Stevens et al (2002) considers that the character size should be 15 minutes of arc for a 
standing vehicle and 24 for a moving. Sawyer & Talley (1987) prefer a maximum character 
size at 29.8 minutes of arc and a minimum at 17,2 minutes.  
 
Another important factor to ensure good legibility is the typeface selection. Green et al 
(1993) emphasizes plain typefaces such as Helvetica or Geneva. Stevens el al. (2002) agrees 
and underlines the importance of a clear and simple typeface. However, Green et al. (1998) 
found that the increase in legibility is relatively small when changing from a good font to a 
better compared to changes in other factors such as contrast and illumination.  
 
How to use selected typefaces are also important. The information text should be written 
in mixed case because the reading time is shorter than the use of only capital letters (Green 
et al., 1993; Stevens et al., 2002). However, the use of only capital letters provides a better 
legibility at larger distances (Diffrient et al., 1981) which can be used for shorter and more 
urgency messages (Green et al., 1993). They indicated that the text on road signs uses cap-
ital letters only and thereby is it necessary to also use it in the vehicle for same type of 
messages. Even the amount of different typefaces on the same time matters when designing 
in-vehicle displays. Stevens et al. (2002) considers a maximum of two different typefaces 
should be utilised. Schneiderman (1997) suggest that three different typefaces could be 
used at the same time.  
 
 
Contrast  

Contrast in displays can be used for highlighting valuable information for the driver (Ste-
vens et al., 2002). McDougall agrees and adds the importance of contrast in different parts 
of the display. Contrasts attract the driver’s attention which can be useful when presenting 
important information. According to Cornog & Rose (1967) have backgrounds and fore-
grounds with high difference in contrast also good ability to attract the attention of the 
viewer.  
 
A test regarding “Effects of Size, Location, Contrast, Illumination, and Colour on the Leg-
ibility of Numeric Speedometers” conducted by Boreczky, Green, Bos & Kerst (1988) 
shown that both response time and amount of errors decreases with better contrast. Green, 
Goldstein, Zeltner & Adams (1988) also find contrast important for legibility. According 
to them is contrast ratio the most important variable for legibility. Stevens et al. (2002) 
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defined contrast ratio as “The relation between the luminance of the foreground and back-
ground” (p.25). Contrast ratio is calculated by: 
 

𝑪𝒐𝒏𝒕𝒓𝒂𝒔𝒕 =
𝑳𝒇𝒐𝒓𝒆𝒈𝒓𝒐𝒖𝒏𝒅 − 𝑳𝒃𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅

𝑳𝒃𝒂𝒄𝒌𝒈𝒓𝒐𝒖𝒏𝒅
 

 

L=Luminance 
 

They consider the relation in ratio should at least be 3:1 but a ratio of 5:1 is recommended. 
Arthur & Passini (1992) and Howett (1983) on the other hand defined contrast by dividing 
the difference between highest colour value and lowest colour value with highest colour 
value and multiplying with 100 to get a contrast value in percent. They stated that the 
optimal contrast value to ensure legibility is at least 70 percent and higher. Figure 9 de-
scribes how good the relationship between different colours is in legibility. 
 

 
Figure 9. Contrast value for different colours.  

 
High contrast is not always good for the viewer. To high value of contrast can cause problem 
of glare (Stevens et al., 2002) and also be straining for the eyes (Green et al., 1988; Arthur 
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& Passini, 1992). Stevens et al. indicated that the contrast ratio should not exceed 10:1 
because of the possibility to glare the driver. Green et al. 1993 indicates that light back-
grounds should be avoided because they tend to glare. Instead they emphasize dark back-
grounds with light foreground. Figure 9 indicates that a black background with white let-
tering has shared top place in legibility with white background and black lettering. How-
ever, black background with white lettering requires that the letters are not too small be-
cause it tends to be overwhelming for the viewer (Arthur & Passini, 1992). Other authors 
do not share the opinion that black and white is the best combination to ensure good 
legibility. Borezcky et al. (1998) considers that blue background with white lettering is the 
best combination and most legible for both younger and older drivers than any other com-
bination. They also found that this combination had the lowest response time and the error 
rate in their experiment.  
 
 
Colour 

As seen in the above section is it crucial to choose right colour to get the best result in 
contrast. Different colours have also more or less ability to attract attention. According to 
Reynolds et al. (1972) have red best ability to attract attention followed by green, white and 
yellow. Different colours can be used to classify different types of information (Teichner, 
Christ & Corso, 1977). Smith (1962) considers that search tasks become easier in visual 
information displays when different colours are used for different kind of information, 
called colour coding. The amount of errors decreased as much as 76 percent and the search 
time was reduced with 75 percent when adding colour coding to the display. Stevens et al 
(2002) agrees and suggest that different colours should inform the driver with different 
levels of priority such as red for alarm, amber/yellow for warning and white for infor-
mation. Ross et al. (1996) also shares this opinion but instead of white for information they 
suggest green for normal conditions. Campbell, Carney & Kantowitz (1998) underlines the 
importance to not violate the human’s expectation of which colour that should be used for 
different meanings. Even they emphasize the colour red for stop or system problem, yellow 
for caution and green for “go ahead”.  
 
The amount of colour used at the same time without confusing the user differs among the 
authors, see table 1. However, the majority of all considers a limit of 4 to 6 colours. Ivegaard 
(1992) on the other hand suggest a limit of 9 colours and Smith & Thomas (1964) prefer 
5-12 colours depending on the viewing conditions.  
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           Table 1. Suggested amount of colour 

Author Colours 

Steven et al. (2002) 5 

Smith (1963) 4 or 5 

Sanders & McCormick (1993) 4 to 6 

Ross et al. (1996) 4 

Wickens & Hollands (1999) 5 or 6 

Ivengaard (1992) 9 

Smith & Thomas (1964) 5 to 12 
 

 
Illumination 

Illumination on in-vehicle displays could be defined as the displays lighting and brightness. 
In-vehicle displays must be easy to read in both day and night conditions. The display 
brightness should be adaptable to both light conditions with a contrast of at least 3:1 and 
5:1 as recommended (Ross et al,, 1996; Stevens et al., 2002). Green et al. (1988) agrees and 
add “When displays will be used under varied ambient illumination, a variable display 
brightness control should be provided, in order to cover the full range necessary for legibil-
ity in all conditions.” (p.121) Even if illumination is an important factor for legibility can 
too much brightness and lighting dazzle the driver, especially at night conditions (JAMA, 
2004). 
 
 

2.2.2.4 Graphics 

The information on in-vehicle displays can either be presented as text or graphics such as 
symbols. Normark and Gärling (2011) indicate that there are certain cases where infor-
mation is best presented as text and other where graphics is preferred. Galitz (2007) suggest 
that all information on displays should be presented with graphics instead of words. Smith 
& Mosier (1986) also indicates that the use of graphics instead of text is better, but only if 
the information must be quickly scanned by the user. Symbols also have the ability to cross 
language barriers and be understood internationally (Gittens, 1986; Horton, 1994). How-
ever, symbols are not always understood by all, thus it is important to follow the interna-
tional guidelines and standards that are set to ensure that icons are easy to understand 
(McDougall, 2000).  
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In a third case is both text and symbols preferred in order to increase the information level 
(Green et al., 1993). Stevens et al. (2002) agrees and stated that symbols can be seen at 
further distance, as much as twice the distance then text (Green et al., 1993) which makes 
the driver respond to it faster. However, if the symbol is unfamiliar needs an additional 
text to the symbol.  
 
 

2.3 Shadows 

A shadow can be described as a hole in the light, since the light from a light source is 
prevented from skinning trough an opaque object and a darker region (the shadow) occurs 
(Sorensen, 2008). In today’s technological society shadows are often simulated in computer 
graphics to get realistic impressions in computer made pictures or virtual environments. 
Shadows in virtual environments are not entirely used to get realistic impressions, but also 
to enhance the detection of an object (Sintorn, Eisemann & Assarsson, 2008; Lalonde, 
Efros, Srinivasa & Narasimhan, 2010; Govindaraju, Lloyd, Yoon, Sud & Manocha, 2003). 
Mamassian, Knill & Kersten (1998) agrees and adds that shadows cast from an object on 
underlying surfaces can help the viewer to get information about the shape of the back-
ground, the shape of the object and the space between background and object. Shadows 
also have the ability to cause depth in a picture (Chigona, Sonnet, Ritter & Strothotte, 
2003) and make an object look as it float above the underlying surface, see Figure 10 (Kraak 
& Brown, 2001; Slater, Usoh & Chrysanthou, 1995). 
 

 
Figure 10. Shadow makes the object float above the background. Adopted from Mamassian, Knill & Ker-
sten (1998). 

 
According to Mamassian, Knill & Kersten (1998) can Figure 10 be described in different 
ways depending on parameters such as dynamic light or dynamic objects. Dynamic light is 
described as light that changes either position or illumination brightness, which can be 
used to get the result in Figure 10. When the light source moves, affects the shadows ap-
pearance and the objects seem to be moving. Same phenomenon occurs when the object 
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in a 3D-environment moves up from the surface and a fix light source make the object cast 
shadows on the underlying surface.  
 
An application area where shadows can be used to emerge an object from the background 
is the use of shadows behind text. Dao & Gabbard (2013) indicates that shadowing not 
only emerges the text from the background, but also makes the text stand out more against 
any other environment which makes the text more legible. Luchini & Rossi (2002) adds 
that shadows makes text more legible because it increases the contrast around the character 
edges and thereby makes the text more legible and can be seen at larger distance. They also 
considers that the use of shadows increase the usability when more prioritised text have 
larger weight on the shadow. However, they advise to only use shadows when the shadow 
is darker than the background itself because the contrast should be as high as possible. 
Chigona et al. (2003) agrees that shadows can be used to guide the users’ visual focus. 
According to Kraak & Brown (2003) are those methods to use shadows behind objects, 
such as text typical for figure/ground relationship that is describe in gestalt law section. 
They indicate that shadows enhance the contrast between figure and ground and increase 
the sense of depth in the picture. Depth that can make a 2- Dimensional medium look as 
it is 3-Dimensional. Shadows also separate the object from the background and more at-
tention is drawn to the object as Dao & Gabbard (2013) and Luchini & Ross (2002) indi-
cated. Those figure/ground methods are often used in cartography. For instance the de-
signer can separate a specific country with the others by adding a shadow around the coun-
try borders. The specific country then look as it is emerging from the map, seems closer to 
the observer and more 3D-dimensional, see Figure 11 (Kraak & Brown, 2003; Warf, 2010; 
Peterson, 2014; Buckley, 2011). 
 

 
Figure 11. The use of figure/ground relationship with shadows. Retrieved from Buckley (2011) 
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2.4 User experience design 

The desire to develop products that increase the user's well-being and experience have dur-
ing the past decade become popular and more accepted in product development, especially 
in Human-Computer Interaction (HCI) (Law, Roto, Hassenzahl, Vermeeren & Kort, 
2009). This method goes under the name User experience design (UXD). Despite the fact 
that User experience design is more accepted today, it is challenging to determine a com-
mon definition of UX, User experience (Allam & Dahlan, n.d; Hassenzahl & Tractinsky, 
2011; Law et al., 2009; Smashing Magazine, 2012; Sundbo & Sorensen, 2013). According 
to Law et al. (2009) and Sundbo & Sorensen (2013) is the reason of different definitions 
that user experience mainly is associated with several dynamic parameters such as emo-
tional, affective, experiential, hedonic, and aesthetic variables. Those variables are highly 
individual from one user to another which makes it hard to measure. Other authors define 
UX as: 
 

1. “Person’s perceptions and responses that result from the use and/or anticipated 
use of a product, system or service ” (ISO 9241-110:2010; clause 2.15) 
 

2. The quality of gain experience when the user interacting with a system (Use design, 
2015) 
 

3. A momentary good or bad feeling while interacting with a product (Hassenzahl, 
2008) 

 
4. How people use and interact with a product, such as how the product feels when 

they use it, how they understand it, how the users feels when they use the product 
and how well all those factors fits in the way of using the product (Alben, 1996) 

 
5. “The user experience considers the wider relationship between the product and the 

user in order to investigate the individual’s personal experience of using it 
(McNamara & Kirakowski, 2006; p.2) 
 

6. “A user experience, or UX, encompasses the entire experience users have with a 
product” (McKay, 2013; p.7)  

 
Hassenzahl (2008) and Allam & Dahlan (n.d) describe the wide range of defining user 
experience as the gap between how practitioners and academics will understand it. They 
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considers that the industry use UX as a direct synonym to usability and user-centred design 
meanwhile academics emphasizes the difference between usability and UX. This thesis 
seeks the answer in a more academic way, UX as beyond the usability of products. Products 
that either tell a story to the user (Hassenzahl, 2014) or contribute to the overall experience 
while interacting with it. A product that conveys a feeling of the user and thus contributes 
to some of the emotional, affective, experiential, hedonic and aesthetic variables as Law et 
al. (2009) addressed. Instead of using UX as a synonym to usability it need to be seen as a 
complement to usability (Law, Jeffries, Wixon, Hvannberg & Cockton, 2007) or the next 
step beyond usability that makes the products “more alive” and people can relate to it more 
emotional (Jordan, 2003). 
 
Jordan (2003) makes a parallel between Maslow’s hierarchy of human needs and the human 
factors in product development. Maslow’s hierarchy of human needs indicates that humans 
are motivated by a hierarchy of needs, each of the lower levels of need must be satisfied 
before continuing to the top of the hierarchy, see Figure 12a (Huitt, 2004). Jordan (2003) 
considers that Maslow’s hierarchy can be applied to human factors by investigating the 
humans need for more satisfaction when they have become used to something. The new 
hierarchy of need consist of the human factors functionality, usability and pleasure, see 
Figure 12b. The first level a product needs for achieving user satisfaction is functionality. 
A product needs to have the right functions to perform the task that the product is devel-
oped for. The second level of the hierarchy contains usability. When users have become 
used to the right functionality of a product, they seeks for products that are easy to use. 
Finally when users have become used to products that have the right usability, they want 
even more and seeks products that give them pleasure. Pleasurable products that is associ-
ated with emotional, hedonic and practical benefits (Jordan & Kerr, 1998).  
 

  
 Figure 12a. Maslow's hierarchy of needs   Figure 12b. Human factor hierarchy of needs 
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According to Hassenzahl (2014) such emotional and hedonic benefits can be achieved by 
products that tell the user a story. He made an example about an alarm clock that simulat-
ing sunrise and the sound of birds chattering. The alarm clock starts to brighten up about 
30 minutes before the alarm with the bird chattering begin. This product tells a story and 
changes ones experience of waking up. It could also evoke feelings from the user. If the 
user feels more relaxed and happy to wake up with this type of alarm clock, it is a product 
that gives a good experience. This alarm clock may not always give a good experience be-
cause the users don’t feel the same every morning which affects outcome, but if the user 
most of the time have a good experience it is a successful product.  
 
Another way to evoke emotions and contribute to the user’s experience of a product is 
aesthetics. Calvo & Peters (2014) considers that aesthetics are equally important as how 
well the product perform and feels. They make a parallel to the master chefs in world’s 
finest restaurants that spend equally much time on presentation of the food as they spend 
on cooking. Good presentation raises the whole experience and attractive things work bet-
ter. The food seems to taste better if the presentation makes the dinner guests in a good 
mood. The same phenomenon seems to be achieved by aesthetic products. Studies con-
ducted by Tractinsky, Katz & Ikar (2000) and Mbipom & Harper (2009) have demon-
strated that beautiful products are more usable from a user perspective. Norman (2002) 
agrees but considers that products must be designed for the proper occasions. Occasions 
that affects the mood negatively or positively. In more stressful occasions that affect the 
mood negatively are usable products better to use because stress makes people less accom-
modating for errors that may occur. The aesthetics of the product is not that important in 
those occasions. Meanwhile in more relaxed occasions, can products that are aesthetic ap-
pealing enhance the usability of the product since positive mood makes people more toler-
ant to minor difficulties and the ability to think creative enhances. In that way works prod-
uct with aesthetic appealing design better. However aesthetics is not the only variable that 
are important. Usability and functionality are equally important as aesthesis, but when they 
all are linked together become the product more powerful and contributes more to the user 
experience (Zhang, 2009; Fogg, Soohoo, Danielson, Marable, Stanford & Tauber, 2003; 
David & Glore, 2010).  
 

“Good design means that beauty and usability are in balance” 
        - (Norman, 2002; p.42) 
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As describing in the above section are the user affected by a range of factors that influence 
the overall user experience of a system (Roto, Law, Vermeeren & Hoonhout, 2011; Law et 
al., 2009; Norman, 1988). Roto et al. (2011) describe that all factor can be classified into 
three different categories; the context around the user and system, the user's state, and 
system properties.  
 

1. Context: Roto et al. 2011 indicate that the overall user experience of a system may 
change if the context is changing. The context area is divided into four subareas that 
contribute to UX; social, physical, task and informational context. The social con-
text is based on social factors such as working with other people. Physical context 
describe in which physical environment an object are used or tested such as using a 
product at a table or in a vehicle on a bumpy road. Task context contains the sur-
rounding tasks that need attention. Information context describe the connection to 
other products. If those contexts affect the user in a good way when using a system 
it can contribute to a good user experience.  
 

2. User: The user context refers to how the user experiencing a system depends on 
motivation to use the product, mood, mental and physical state and expectations.  

 
3. System: Since perception of the systems attributes seems to have great impact on UX 

are the systems design, functionality, aesthetics, responsiveness and behaviour im-
portant factors.  

 
All those factors contribute to the overall user experience and can be used to describe the 
reason why a user felt a specific experience (Roto et al., 2011). Roto et al. (2011) also con-
sider that UX as a practice is not different from the principles of human centred design 
(HCD) also known as User-centred design (UCD), while the factors in the previous section 
is those that differ from those in HCD. The principles received from ISO 9241 can be 
summarised as: 
 

 Place the user in the centre of the design process. 
 

 Identify the important aspects of the target group. 
 

 Collect user-specific factor to evaluate the design 
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According to Sward & Macarthur, 2007 is user experience design an extension of user 
centred design, see Figure 13. The extension incorporates all the users’ interaction with 
the product and how the user experiences it.  
 

 
Figure 13. UXD as an extension to UCD. 

 
By positioning the user in the centre of a design process in order to evoke emotions and 
give the user an experience by a specific product. It can work as a business strategy to gain 
competitive advantage on the market (Hole & Williams, 2007; Sward & Macarthur, 2007; 
Sward, 2006; Law, Vermeeren, Hassenzahl & Blythe, 2007; Allen & Chudley, 2012; Bloch, 
1995). Bloch (1995) argue that aesthetics quality of a product (if it looks good, is fun to 
use, looks professional, etc) (Plewes, n.d) affects the consumers attitude to how they expe-
rience the product from the beginning and the total success of the product. Sward & Mac-
arthur (2007) considers that user experience design of products is needed to compete for 
the centre stage on the market instead of only satisfying the market requirements. 
 
 

2.5 Usability 

When a product e.g. application, smartphone or computer is easy to use, the product is 
usable. Ease of use is one of other quality measures included in the term usability. One 
definition of usability is described as a measure of a systems quality regarding ease of use, 
ease of learning and user satisfaction (Rosson & Carroll, 2002). The ISO standard for usa-
bility ISO 9241-11 defines the same approach as Rosson & Carroll (2002) but with other 
words. It defines usability 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.1). Effectiveness and efficiency are quality measures that describe 
how accurate and fast a goal is achieved when conducting a task of a product. If the goal is 
more accurate and faster achieved than the current way user’s works it has a higher degree 
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of usability (Barnum, 2010; Jokela, Iivari, Matero & Karukka, 2003; ISO 9241-11). Satis-
faction on the other hand is beyond effectiveness and efficiency, it describe how satisfied 
the user is to use a product. Nielsen (1994) agrees but adding two more quality measures, 
low error rate and ease of remembering. They consider that a system with a high degree of 
usability need have a low error rate when using it but also if an error occurs, the user should 
easily be able to correct it. The system should also be easily remembered, thus the user 
should easily remember how the system works even after a time of not using it.  
 
Usability of a product is usually measured by having user testing where the participants 
performing pre-formulated tasks. It also can be measured with real user, performing tasks 
of their own choice (Barnum, 2010; Nielsen, 1994; Mayhew, 1999). To confirm that the 
developed system has a higher degree of usability than another system developed before, 
the result of tasks performed on both systems need to be compared. If the new system 
contributes to better performance of the tasks, e.g. more accurate and faster execution time, 
it has a higher degree of usability (Rosson & Carroll, 2002; Barnum, 2010; Nielsen, 1994). 
Dumas and Redish (1999) considers that any product with an interface that the user could 
read or interact with need to be developed with usability in mind. As above, they also em-
phasises the need of user testing the new system to compare with older ones before market-
ing. Shackel (1984) measured the usability of a computer by evaluating how easy and effec-
tive the computer was used by a number of users when they performed a set of task in a 
pre-defined environment. Evaluating the usability is important for the designers, manufac-
turers, salesmen’s and costumers due to the fact that all products need to prove that they 
are usable before they is marketing, otherwise it affects all in one way or the other (Shackel 
& Richardson, 1991). For instance, new products can involve new technology that not 
exists on the market which can make it hard to find standards or guidelines to cover them 
(Shackel & Richardson, 1991).  
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3 Method and Implementation 
This chapter includes the methods used and how the work proceeded over the whole pro-
ject as well as theory about each method. The methods theory is used as a complement to 
describe how all the methods was carried out in this thesis and thereby placed in the meth-
ods section.  
 
 

3.1 PROJECT PROCESS 

This project was mainly driven by the stage-gate model which means that the process is 
target-based (Cooper, 1990; Runeson, 2005). Goals and milestones were added to maintain 
a steady rate through the project which made it possible to start with the next step directly 
after finished the previous. To keep flexibility and be ready for major changes in the project 
was also an agile process used. An agile process means that flexible changes can occur at all 
stages in the project (Larman, 2004; Turk, France & Rumpe, 2014). The purpose to use an 
agile process was to be prepared that problems could occur and make room to correct them 
even if there was necessary to start all over with a specific idea or concept (France & Rumpe, 
2014). This process combination made it possible to have distinct milestones to lock con-
cept design and ideas according to them but also made the process open for changes in 
between those milestones (Runeson, 2005).  
 
The project began with an extensive information gathering where facts were collected to 
aid in the idea and conceptual phase. Also market analysis was conducted to find inspira-
tion and trends of today's market. Those stages were followed by the very core of the project, 
a cyclical process consisting of an idea phase, a concept phase and an evaluation phase. 
Every concept went through those three stages before the next was started, see Figure 14. 
A total of three different concepts were made and some of the concept had sub concepts. 
As described in above section was an agile process used which made it possible to go back 
to previous phases when problems occurred or when the concept was evaluated and con-
sidered to be improved.  
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Figure 14. Project process model. 

 
All ideas and concepts were based on the same layout because Volvo wanted to use their 
already developed layout for Volvo XC90, see Figure 15. Therefore was there not much 
room for crazy ideas. Instead was the focus to developing ideas and concepts with different 
shapes and materials that pictured shadows and highlights in a good way. Every concept 
went through the evaluation phase where Volvo and the student discussed if the concept 
could proceed to the detail design phase, if the concept needs to be improved or if the 
student needs to start all over again with a new concept.  
 

 
Figure 15. Standard layout Volvo XC90 

 
When the concept developing- and evaluation process was completed followed the detail 
design phase where the chosen concept was prepared for the final implementation phase. 
To get the wanted functionality of the user interface a programming phase began. This 
phase included composition of all the concept images divided into different layers, the 
functionality of every element on screen and a script to combine the interface with an ap-
plication on a mobile phone that sends compass direction data. Finally after programming 
the user interface the prototype was finished and could be implemented in the car. After 
the implementation the system was ready for evaluation in a user test.  
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3.1.1 PROJECT PLANNING 

This thesis work was initiated with the developing of a project plan in which the Gantt 
chart was conducted, see appendix I, where deadlines and milestones were planned and 
also showed the estimated time for all subtask in the project.  
 
 

3.1.2 Research and information gathering 

To gather valuable and validate research and information such as papers, articles and 
books, both PRIMO database 1 and Google Scholar 2 were used. PRIMO is a database pro-
vided by the library at LTU and Google Scholar is a database provided by google. The main 
search process was conducted in Google Scholar since it containing both books and articles 
which made it easier to research when no alternative library was available. Since LTU had 
free access to many research pages at the web, the supply of articles was larger in Google 
Scholar than in PRIMO. But PRIMO was used as an additional research platform when 
specific articles not were found in Google scholar. Another argument for chosen Google 
Scholar as the main search engine was the ability to directly cite the article to Refworks, an 
“Online bibliographic management program that allows users to create a personal database 
of references and generate bibliographies in a variety of formats” 3.  
 
The research was performed by primarily reading and investigating a large number of peer-

reviewed articles to gather more reliable and validate information. Secondly books were 
used to complement the already found information from the peer-reviewed articles. Thirdly 
when no scientific research was conducted in a specific area neither in books or articles, 
information from webpages was gathered. To get an accurate and more analytical report, 
research was made with a large amount of references that either supported a certain state-
ment or disagreed and stated something else.  
 
Also tutorials were investigated in this thesis used for learning purposes and afterwards 
apply that gained knowledge to use in the developing process. The tutorial guided through 

                                                 
 
 
1 http://ltu-primo.hosted.exlibrisgroup.com 
2 https://scholar.google.se/ 
3 https://www.refworks.com/ 

http://ltu-primo.hosted.exlibrisgroup.com/
https://scholar.google.se/
https://www.refworks.com/


32 

  

tasks that was outside the regular education of Industrial design engineering such as pro-
gramming, video- and image editing.  
 
 

3.1.2.1 Research according to own observations 

Despite from all research in articles, books and tutorials, own observation was used to 
gather valuable information about exterior light properties such as reflection in materials, 
shadow shape and light colour. One of the first things made in this thesis was to investigate 
how the light from the sun was illuminated and reflected on the instrumental cluster in a 
vehicle at different angles and heights. This research was conducted by using a quick-time 
file that had recorded the sun’s position in relation to the instrumental cluster inside the 
vehicle. In this file the student was able to control the position of the sun, both the orbit 
around the vehicle and the height, see Figure 17. 
  

 
Figure 16. The sun shining on the instrument cluster from different directions. 

 

 

3.2 IDEA DEVELOPMENT 

As described in the process section was the idea development phase proceeded from the 
previous layout of Volvo XC90 instrument cluster. However, there was only the arrange-
ment of the different parts and measures in the cluster that was demanded. All other pa-
rameters were free to change but Volvo requested an instrument cluster that not had too 
many crazy ideas and they also required: 
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 Chrome rings around the speedometer and the tachometer (rpm counter) 
 Dynamically moving shadows and highlights in the instrument cluster based on 

exterior light conditions, see Figure 17. 
 

 
Figure 17. Example of highlights and shadows 

 
To gather valuable inspiration, an extensive research of the market trends began. Trend 
based idea development could be described as the way of “identifying and deeply under-
standing important market and technical trends in the field being explored” (Lilien, Mor-
rison, Searis, Sonnack & Hippel, 2002, p.8). This technique was utilised to search inspira-
tion from other manufacturer’s instrument clusters and then make something new, see 
Figure 18. 
 

 
Figure 18. Trend research for instrument cluster 
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Inspiration was primarily obtained from instrument cluster with graphical interfaces on 
displays since this thesis was directed towards Volvo XC90 LCD display. Shapes and depth 
in the display was the main target to observe because displays need depth in the picture 
and well thought out shapes to maintain a feeling of 3D.  
 
The idea phase was also very functional based directly from the beginning since Volvo re-
quired moving shadows and highlights on graphical elements that was based on exterior 
light conditions. Thereby, those variables were always taken in calculation when new ideas 
was developed because every idea need to work properly. To figure out how the interface 
would act, experts in different areas at Volvo Car Corporation were interviewed and ideas 
were discussed. In that way was valuable information gathered to proceed with the idea 
work which made it possible to obtain qualitative ideas directly. Every idea was also backed 
up with theory from the research. LCD display systems require good contrast, right colour 
choice and thought out design to ensure good legibility and user performance which was 
investigated before developing new ideas. The experts did not have all answers on the ques-
tions, thus a form of brainstorming was used. Since brainstorming is not suited for individ-
uals (Harris, 2002) was the experts and the student involved in the process to come up with ideas 

and then discuss them. Brainstorming is according to the founder, Alex F. Osborn (1953) a 
creative method for developing quantitative amount of ideas in a short time span. Osborn 
developed four rules for the brainstorming process: 
 

 Come up with as many ideas as possible 
 

 No criticism of another’s ideas 
 

 Be as open minded as possible and come up with wild ideas. 
 

 Expand and elaborate on existing ideas  
 
However, Baumgartner (2014) and Nemeth & Feinberg (2004) consider that the brain-
storming rules are not good for creative thinking. According to them, Osborn’s (1953) rule 
about “no criticism” prohibit creativity.  
 
In this project was brainstorming used as a hybrid form of those two ways because of the 
need for discussion and criticism to all ideas (Baumgartner, 2014 and Nemeth & Feinberg, 
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2004) and the need for expanding and elaboration on existing ideas (Osborn, 1953). Every 
idea needed to be criticised since there was many parameters taken into calculation. Param-
eters such as moving shadows and highlights in combination with updated graphics from 
the speedometer, navigation maps and important information messages. Even if all param-
eters did not have to be finished for the prototype system, it was anyway need to include 
them from beginning. Another difference between ordinary brainstorming and the one 
used, was the focus on qualitative ideas rather than quantitative.  
 
To better understand how all ideas would be designed to achieve the best result was 
sketches used. In this thesis work was two kinds of sketches used, thinking sketches and 
talking sketches. Thinking sketches are used as a tool to support the thinking process. 
Sketches drawn to visualise what we think (Ferguson, 1994; Van der Lugt, 2005; Tovey, 
Porter & Newman, 2003). Figure 19 shows how this method was utilised to sketch what 
was thought. Fish and Scrivener (1990) indicates that “sketching facilitates the transition 
from general descriptive knowledge into specific depiction” (p.104). 
 

 
Figure 19. Thinking sketches. Used to visually sketch what was thought. 

 
Figure 19 also showed early ideas that the student thought. Not all of those ideas proceeded 
to the concept development phase, like the idea of dynamic liquid, designed as liquid light, 
in the inner glass ring to point out the sun’s position. This idea was considered to be a fast 
way for the driver to locate the sun’s position when driving, such as if the sun is on the left 
side of the car the inner ring should be half full and if the sun is in front of the car it should 
be 75 percent full. However, the supervisor at Volvo had a concern that the idea was too 
much and thought that the system had to be as simple and stylish as possible to arouse 
interest in the design department. Due to this it was chosen not to proceed with this idea. 
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Talking sketches on the other hand was utilised to visually describe an idea to others (Tovey, 
Porter & Newman, 2003; Ferguson, 1994). Often used in the brainstorming process de-
scribed in previous section. Figure 20 was used as a tool to describe to others how the user 
interface should function and how all elements should be structured. Ferguson (1994) con-
siders that talking sketches are important to visually describe what we think to others. He 
indicates that it will be very important to use talking sketches throughout the whole devel-
oping process, from vison to artefact.  
 

 
Figure 20. Talking sketches. Used to describe ideas to others. 

 
 

3.3 CONCEPT DEVELOPMENT AND EVALUATION 

The concept and evaluation phase was the major time-consumer in this thesis since it con-
sisted of multiple work areas that needed to be further learned by the student. These work 
areas included 3D-Visualisation and rendering techniques in Maya and Alias, image editing 
in Photoshop, video editing and animation in Adobe After Effects as well as programming 
in both Python and Qt Creator.  
 

3.3.1 Process 

The concept development phase began directly after each idea that seemed to meet the 
requirements in functional, aesthetical and research aspects. Concept development was 
stage two in the cyclic process used in this thesis, see Figure 21. Every concept was then 
evaluated in stage 3 together with Volvo to determine advantages and disadvantages of the 
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concept. Each concept contained an animation that showed how the shadows, reflections 
and highlight were dynamically moved in the user interface. 
 
 

 
Figure 21. Concept development as stage two in the cyclic process. 

 
 
The result from the evaluation was taken into account in the next iteration. If problems 
were found in the evaluation, a new iteration to previous phases began to reconsider the 
concept (Seidel, 2007). The advantages however were taken into the next iteration. With 
this method, a working concept emerged from several iterations where faults were corrected 
and advantages were saved. Thereby were not three completely different concepts devel-
oped, only concepts with improvement from previous concepts. EPF (2013) describe the 
iteration method as “each iteration builds upon the results of previous iteration, and will 
produce a product increment one step closer to the final product” (p.1). 
 
As mentioned above several software was used in this thesis and all programs needed to be 
learned further to proceed in the project. Thereby tutorials, books and other research were 
important for the learning process. In the subsections below those software’s are explained. 
 
 

3.3.2 3D-visualisation and rendering techniques 

In this thesis, Autodesk Alias Automotive 2014 was used for modelling the parts in the 
user interface to in 3D. Alias Automotive 2014 is the program that students learned most 
in the 3D- visualisation and modelling courses at Luleå University of Technology. Thereby 
Alias was best suited for modelling the User Interface. Alias is a NURB-based software 
(Andersson & Bäckman, 2011) that is widely utilised in the automotive industry (Zammit 
& Munoz, 2014). NURBS which stands for Non Uniform Rational B-spline are surfaces 
or curves that are used to create smooth transitions between fixed points (Piegl & Tiller, 
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2012). Farin (1999) considered that NURB-based software’s has become the number one 
geometric standard in computer graphics.  
 
NURBS- modelling was exclusively used in this project to create smooth transitions be-
tween surfaces (Zammit & Munoz, 2014). This was prioritised because minor gaps between 
surfaces could be a major problem when rounding edges, but even minor gaps can ruin the 
whole design. Figure 22 show how the interface was built in Alias Automotive.  
 
 

 
Figure 22. Modelling in Alias Automotive 2014. 

 
 
In this stage of the project was it necessary to try different shapes to gain the best result 
which Figure 22 describes. Left and Right side have two different shapes. The user interface 
is divided in four parts, two dials, speedometer on the left side and Tachometer at the right 
side, Soulbase in the middle and a back cover at the back. Speedometer is the dial that 
shows the velocity of the car and tachometer show the speed of the engine (Gubin, 1989). 
The Soulbase on the other hand are used in this thesis to display the temperature and 
clock, see Figure 22. The name Soulbase was taken from Volvo cars designation for this 
part. Finally the last part was the back cover that was used to receive shadows from those 
other parts mentioned above.  
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When the modelling job was finished all parts were exported to Autodesk Maya 2014 to 
work with material properties, colouring and animation. The reason why modelling and 
material determination were developed in two separate software’s was because of own ob-
servations and the education in the advanced 3D-visualisation course that Maya had better 
material properties and rendering. Another reason was that all 3D-modelling and visualisa-
tion courses at Luleå University of Technology educated modelling in Alias but not in Maya 
which made it easier to work first in Alias then in Maya. But using this kind of method had 
a backside. Even if both Alias and Maya are developed by Autodesk problems occurred 
when files where exported between those software’s. Surfaces that were nicely made in Alias 
could look strange in Maya and some surfaces looked as they were not attached. However, 
by changing the settings in Maya the problem was solved.  
 
Most of the work done in the visualisation was in Maya. The work included that all material 
properties needed to look proper, animation of a light source in orbit around the user 
interface to simulate the sun and the rendering process where different render layers render 
the user interface with different height and angle on the animated light source, see Figure 
23.  
 

 
 

 
Figure 23 . Displaying the current render layer in two different positions of the light source. 

 
The current render layer shown in Figure 23 was used for rendering the shadows cast by 
the speedometer, tachometer and Soulbase on the back cover. Figure 23 also explain how 
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the back cover behave when the light source position changes. The back cover was divided 
into pieces and animated to behave differently depending on the light source position. 
When the light source was positioned to the left side of the user interface, the back covers 
left wall was hide to not obstructing the light from hitting the dials and Soulbase. If the 
light obstructed those parts, any shadows could not be casted at the back cover.  
 
Every render layer had different parts of the user interface added depending on what should 
be rendered. This setup was needed to obtain different rendering processes in one batch 
render which renders all images in one process instead of having several files. So every layer 
rends as many images with different characteristics as determined in the rendering settings 
for each layer. But why was this approach needed, could the entire user interface be ren-
dered in one render layer? The answer is no because other images and features needed to 
be implemented into the user interface afterwards. For instance, a navigation map was im-
plemented between the dials and the back cover which made it necessary to rendering the 
user interface in different parts.  
 
Another feature that was necessary in each rendering layer was multi-render passes. With 
Multi-render passes one could render unlimited amount of render passes (Autodesk, 2015). 
So what is then a render pass? A rendering pass make it possible to render images with 
certain properties, such as only rendering the shadows in the scene or the reflected area in 
an object and so on (Alvarez, n.d; Autodesk, 2015). With those render passes separated 
from beginning one could composite all images to one final in the end, see example in 
Figure 24.  
 

 
Figure 24. Example of composition of different render passes. Adopted from (Alvarez, n.d) 
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After several tutorials about both render layers and render passes (Tronic, 2012; Lynda, 
2010; Aiad, 2011; Obert, 2014) shadows, specular, refraction and reflection of the scene 
were separately rendered in the first iteration. The animation then consisted of 400 frames, 
which resulted in quite many images, about 2000 images all together. The idea of rendering 
images with different properties separately was initially developed for the opportunity to 
change colours of the User Interface. With that approach one could explore how various 
colours of the dials and Soulbase affected the appearance of the User Interface, readability 
of the text and the clarity of the shadows. To make it possible to change the colour of those 
parts was a basic white base developed. Thereby could one image of the dials and Soulbase 
be used for changing colour to composite with the other properties shadows, specular, re-
fraction and reflection, further explained in next section 3.3.3 Image- and video editing. 
  
However, this workflow was a fast way of designing and evaluating different sub concepts 
but not directly thought out in terms of file size. By rendering 2000 images for one concept 
resulted in large file sizes around one Gigabyte which had possibly made the system running 
slower (Apple, 2015; GreenNet, n.d). Thereby, only the shadows were separately rendered 
with the render pass technique for future concepts.  
 
Another issue that needed to be solved was the shape of the shadows. Both concept 1 and 
concept 2 had shadows with to sharp edges. Even though rendering with raytraced shadows 
it still became too sharp. Raytraced shadows produce soft and transparent shadows (Maya, 
2015) that resemble those in the real world (Press, 2009; Epic games, 2004-2015). However 
those shadows was quite time consuming to render and resulted in inaccurate shadow 
shape, thus another type of shadow attribute was chosen, depth map shadows. This shadow 
attribute can be defined as “A depth map is a data file that contains the depth data rendered 
from a light’s point of view” (Maya, 2015; p.1). Depth map shadows was rendered much 
faster than the raytraced and one could better change the settings to get better shadow 
shape. But changing shadow attribute was not all, the shape of the light source needed to 
be changed. In the first two concepts was a directional light source used where light comes 
from one direction only. When the light hits a surface it is then shattered in different 
directions (Fry & Reas, 2015; Press, 2009). It was considered that directional light contrib-
uted to the sharp edges of the shadows and was then replaced with point light that one 
could adjust the light angle but also penumbra. Penumbra determines how soft the edge of 
the point light should be (Lanier, 2015). To be able to change penumbra and the light 
angle, it was possible to tweak the shape of the shadows so the sharp edges became softer.  
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3.3.3  Image- and video editing 

To gather and edit all images that were rendered in Maya, the software’s Photoshop CS6 
and After Effects CC 2014 were used. All render passes and images were then composite 
in Adobe After effect to one single animation layer by layer. After Effects is a video editing, 
motion graphics and composition application used in the post-production in the film busi-
ness (Simons, 2013). Adobe After effect was mostly utilised to make concept videos ready 
for evaluation, but also used for editing image sequences.  
 
As described in previous section was several render passes containing different pieces of the 
final image rendered from Maya. The basic white base, see Figure 25, was composite with 
chosen colour of the dials and Soulbase in Adobe After Effects.  
 
 

 
Figure 25. White base ready for composite. 

 
This base already contain all highlights that was needed due to the fact that the render 
passes reflection, refraction and specular contained all the lights that went through and was 
reflected in the gauge panel. Thereby was only one image with the chosen colour needed 
instead of a sequence with light properties.  
 
One problem directly occurred from the beginning, all render passes were missing alpha 
channel. An alpha channel is a specific channel in the image that describes the image trans-
parency. Darker areas on the alpha channel become more transparent in the image and 
lighter areas become more opaque (MediaLab, 2000; Graphics software, n.d). An example 
of an alpha channel is shown in Figure 26. 
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Figure 26. Alpha channel transparency. 

 
In the same way as using alpha channels one could achieve transparency by layer masks and 
get the same result as above. Layer masks “control a layer’s level of transparency” (Patterson, 
n.d, p.1; Adobe help, n.d; Anderson, 2012), see Figure 27. By applying the alpha seen in 
figure 24 as a layer mask on the RGB layer, transparency occur at the darker parts of the 
layer mask and opaque at the lighter parts.  
 

 
Figure 27. Using layer mask in Photoshop 

 
Because of the large amount of images, creating alpha channels or layer masks for all images 
was at the present time not an option. Instead a feature called blending mode was used 
when composing all images. Blending modes control how each layer interact with the layers 
below. Each blending mode has unique properties which describe how the above layer 
should behave to those layers underneath. Among all categories of blending modes two 
categories were especially used, Additive and Difference. The additive category includes the 
blending modes Add, Lighten, Screen, Colour Dodge, Classic Colour Dodge, Linear 
Dodge and Lighter Colour which “tend to lighten colours, some by mixing colours in much 
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the same way as mixing projected light.” (Adobe, 2015, p.1). The difference category in-
cludes Difference, Classic Difference, Exclusion, Subtract and Divide which “create colours 
based on the differences between the values of the source colour and the underlying col-
our.” (Adobe, 2015, p.1). An example described in Figure 28 shows the use of blending 
modes to change an image appearance.  
 
 

 
Figure 28. Blending modes. Adopted from (Adobe, 2015). 

 
To composite the render passes specular, refraction and reflection into a white base, the 
blending modes screen and add was used to get the desired results. The blending mode 
Add have the built in formula A+B which adds the luminance of layer A and B (Thomas, 
n.d; Adobe, 2015; Bunks, 2000). This blending mode was used to add the light from the 
reflection render pass to the underlying layer. Screen on the other hand was used for both 
specular and refraction. According to Thomas (n.d) can the screen blending mode be de-
scribed by following analogy; “imagine the selected layer and each of the underlying layers 
as being 35mm slides, and each slide being placed in a separate projector (one slide for each 
projector), then all of the projectors are turned on and pointed at the same projector 
screen…this is the effect of the Screen blend mode.” (p.1) 
 
As explained in 3.3.2 3D-visualisation and rendering techniques, this method ended in too 
large file sizes, thus only the shadow render pass was used further in the project. To get the 
right appearance of the shadows was the blending mode subtract utilised, see Figure 29. 
This blend mode subtracts pixel values of one layer with the other (Thomas, n.d; Bunks, 
2000; Adobe, 2015) 
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Figure 29. Blending mode in Photoshop and Adobe After Effects 

 
However, this approach of solving the issue of shadows without an alpha channels was 
highly momentarily. For the same reason as described in the previous section 3.3.2 3D-
visualisation and rendering techniques, other images needed to be implemented in be-
tween the shadows and the back cover which also the shadow should be casted on. That 
insight made this method in Photoshop and Adobe After Effects usable for concept images 
and video purposes only, developed for evaluation and presentation. In turn, this led to 
requirements that the programming software had to provide blending mode options. As 
further described in the next section 3.3.4 Programming, issues with blending modes oc-
curred and the approach of using blending modes was no longer an option to complete the 
concept prototype. Thereby, the only alternative remaining was to create alpha channels or 
layer masks for every image in the sequence. Because of the large amount of images per 
sequence (now 360 images per sequence) that had to be edited, the images could not be 
edited one by one. The process needed to be somehow automated. This problem to auto-
mate the process was solved with an Adobe Photoshop tool called Batch. The steps one 
most precede before the final batch process are as follows: 

 
1. Create a new action. 

 
2. Record.  

 
3. Make needed changes in the image. 

 
4. Stop recording. 

 
5. Go to Automate/Batch. 
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6. Choose folder that shall be edited with the new action. 

 
7. Press okay. 
 

A new action is a file that the changes are recorded in and those changes are then applied 
to the other images when batch processing (Adobe help 2, n.d; Obermeier, n.d; IAS, 2015). 
Those steps was frequently used in this thesis to automatically editing all images with dif-
ferent operations, such as making alpha channel, layer masks, save to other image format, 
image editing etcetera. Layer masks and alpha channels operations represented the biggest 
challenge of batch processing, because every tutorial educated how to create alpha channels 
or layer mask for one image only (Patterson, n.d; Obermeier, n.d; Lynda, 2010; McClel-
land, 2010). None of those tutorials was applicable for creating alpha channels or layer 
masks in a batch process since they all used tools that not was suited for an image sequence 
with different locations of the content in every image. For instance McClelland (2010) and 
Obermeier (n.d) worked with the saving selection method to create alpha channels. They 
selected one area in the picture that they want to be opaque (white in the alpha channel) 
and the other area that not has been selected become transparent (black in the alpha chan-
nel). This method did not work with the image sequences in this thesis since it was possible 
selecting wrong area to save in the image when batch. Instead influences from Lynda’s 
(2010) tutorial were utilised to solve the problem. In Lynda’s tutorial they worked more 
with tools that made an alpha channel out of image editing tools, such as calculating the 
difference between the colour channels Red, green and blue. They for instance calculating 
the difference between the red channel and blue channel to get a more black and white 
image that they began to working on to create an alpha channel. The problem that occurred 
when using this method was that the alpha channel became too dark in the brighter parts, 
which led to semi transparency instead of opaque (100% visible). Every layer mask or alpha 
channel needed one black and white copy of the RGB image as described in figure 24 and 
25, so a new method was required. After some further research (Farley, 2011; Vogt, 2004) 
with no results, began a trial and error- process of more experimental workflow with editing 
tools such as colour balance, levels and thresholds. This method resulted in black and white 
images but when adding it to the RGB image as an alpha channel or layer mask it looked 
as the shadow had a white frame around it. Adjusting the levels had expanded the white 
area outside the shadow area.  

 
After a while, still working with trial and error, the feature Auto tone was tried and the 
image directly became as close to black and white as possible. Thereby, this feature was 
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recorded and applied for every image in the sequence. The steps of creating a layer mask 
with this method were done as followed:  

 
1. Duplicate the RGB layer as a copy, 

 
2. Edit the copy with Auto tone, 

 
3. Make a new layer and apply the same colour as the back cover, 

 
4. Place the layer beneath all layers, 

 
5. Change blending mode of the original RGB to subtract as Figure 29, 

 
6. Merge layer of point three to five, 

 
7. Apply the edited copy as a layer mask of the merged layer. 

 
Unfortunately this method also had some issues. The shadow did not look smooth as be-
fore and more hollow, see figure 28.  
 
The problem was solved by following workflow: 

 
1. Duplicate original layer two times, 

 
2. Merge all together. 

 
By duplicating the original image two times those holes, mentioned above, was filled and 
the shadow regained its proper appearance, see figure 30. 
 

 
Figure 30. Final result of the shadows. 
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Now the shadow looked correct but one big issue remaining, how the shadow behaved 
depending on the light source location. After the first evaluation it came clear that the 
shadows behaving properly to the light source location but it resulted in distractions when 
the light source shone from the side of the interface. The reason of the distraction was that 
shadows moved from one side of the interface to the other and obstructed large parts of 
the navigation map, see Figure 31. In addition when those shadows moved it became more 
difficult to read the information on the navigation map and thereby disapproved in the 
evaluation.  
 

 
Figure 31. Disapproved shadow appearance. 

 
This issue needed to be corrected to achieve a proper appearance on the shadow that not 
affecting the drive’s attention of the road (Hada, 1994; Wikman, Nieminen & Summala, 
1998). To correct the issue a lot of editing was needed. Together, 144 out of 360 frames 
needed to be edited. This amount was a result of all those shadows that considered being 
a reason for distraction before frames with a better appearance came up. After the first 73 
frames the shadows considered to be in the right position. The 73rd frame was then used as 
a template for the first 72 frames. The last 72 frames that needed to be edited followed the 
same steps; frame 107 was chosen as a template for frame 108 to 180. For the first 72 frames 
was only the shadow of the tachometer of interest and the speedometer for the last 72 
frames.  
 
The shadows from the Soulbase and dials were all displayed in one image which made it 
harder to editing. Only the shadows of the dials needed to be moved from the middle but 
the shadows from the Soulbase was attached to those in many cases. Thereby, the shadows 
needed to be edited in small steps. Many of the steps were recorded and batch processed 
but also edited afterwards in After Effects. The following steps were used; 
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 The use of marquee tool to select areas that needed to be removed in every frame. 

Together five similar operations were conducted. (Batch process) 
 

 Pasting the shadow of interest from the templates (tachometer or speedometer) into 
all frames. (After effects) 
 

 Animate opacity of the pasted shadows. (After effects) 
 
As described above the first 72 frame had the 73rd frame as a template. It was used for 
copying the shadow of the tachometer and then applies it to the other 72 frames. The same 
method was used for editing the speedometer shadow from frame 107. This editing process 
was mostly made in After Effects due to the fact it was easier to apply the shadow of interest 
in a separate layer. Thus, the shadow properties could be edited separately and faster than 
batch process in Photoshop. The opacity of pasted the shadow needed to be animated to 
simulate that the shadow appears and becomes sharper when the light source moves closer 
to the middle. The opacity of the shadow then started at a low value and slowly increased 
to 100 percent. The same approach was utilised for the speedometer but as the light source 
in frame 73 started from the middle and moved out to the left side the opacity animation 
was reversed. It then started with 100 % opacity and slowly decreased to a low value of 
opacity. The end result shown in Figure 32 displaying the same frame number as used in 
Figure 31. 
 

 
Figure 32. Approved shadow appearance. 

 
Another image sequence that needed batch processing of alpha channels in Photoshop was 
the dials of the third and final concept. The image file contained an alpha channel but it 
only displayed the alpha channel of the back cover. So why could not the dials be rendered 
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without back cover if it still would be removed afterwards? The answer is that the back 
cover surrounds the dials with a lighter background as the original black environment in 
Maya which is to dark. Nor it would work by changing the environment to white, than it 
became too bright. Thus this method must be utilised. Also the workflow of creating alpha 
channel was made by own methods because according to own observations the dials alpha 
channel needed four circles, two white with two black in the middle. The white circles 
described the opaque dial and the black described the hole in the middle of the dial. The 
creation of alpha channel was conducted by following Steps: 
 

1. Create Action 
 

2. Start recording 
 

3. Create an Alpha channel 
 

4. Stop recording 
 

5. Batch 
 

By those steps was the dial sequence ready for further editing in Adobe After Effects. But 
when the editing process was started and one could see the entire animation in After Ef-
fects, the concept needed to be changed. By playing the film sequence, it was discovered 
that, when the light source shone on the interface from the sides the chrome rings lost their 
properties. They looked as they were painted with dark grey colour and the whole dial was 
to dark, see Figure 33A. Another problem occurred when the light source shone in the 
middle of the interface and the chrome ring became complete white see Figure 33B.  
 

 
Figure 33. Chrome rings lost their material properties. 
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After struggling with material properties in Maya to render new images, the direction of 
using the entire animation from Maya changed. Instead, the best image that could be found 
in the image sequence was selected. The image that had the best material properties and 
highlights.  
 
During the project time span, after many hours of editing a curtain pattern was identified. 
The way that the light hit the dials and produced moving highlights. The same way could 
be done with only one image of the dial rotating to create this effect of moving highlights. 
The editing process were done in After Effect with the two dials in separate layers but also 
on layer with the shadows that the dials received from the dial numbers. This method was 
first tested in the programming software but for the same reason as the background shad-
ows it did not work, see 3.3.4 Programming. With Adobe After Effect one could animate 
almost all different feature using key frames such as rotation, opacity, brightness, contrast 
and positon (Robinson, 2013; After Effects, 2015). The features that needed to be ani-
mated in this project were:  
 

 Rotation of the dials 
 

 Adjustment of brightness and contrast 
 

As described above rotation of the dials was needed to receive a sense of moving highlights, 
see Figure 34. The figure describes how the highlights are located on tachometer (the right 
dial) depending on which location the sun shines from.  
 

 
Figure 34. The tachometer in different levels of rotation. 
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Besides the rotation it is possible to distinguish two other events that occur in Figure 34. 
One of the events seen in the figure is the adjustment of brightness and contrast mentioned 
above. This event was animated to simulate the position of the light source in relation to 
the Interface. If the light source was located on the right side of the interface, the tachom-
eter was brighter than if the light source was located on the left side. This difference is 
clearly seen in frame 21 and frame 170. Frame 21 is much more illuminated than frame 
170 which indicates that the start point of the light source is one the right side of the 
interface. Then it approaches the left side of the interface, seen in frame 170, the tachom-
eter becomes darker. The second event seen in the figure also relates to the position of the 
light source, namely the shadows. As one could see frame 21 and 170 have no shadows and 
the shadows in frame 136 is merely visible. It indicates that the light source is out of angle 
to cast any shadows on the tachometer, unlike the other frames in which the light source 
shines more in the middle of the interface.  
 
 

3.3.4 Programming 

The programming phase can be seen as detail design phase because only the final concept 
went through this process. This phase contained the biggest challenge in the thesis since 
programming did not exist within the framework of Industrial design engineering educa-
tion. Thus large amount of time was spent on education in that area but it also required 
help from programmers to finish. Also here tutorials were the best alternative of learning 
how to program the Graphical user interface (GUI).  
 
The mission of the project included that a solar sensor would be connected and pro-
grammed to control the user interface. But this mission was changed in the middle of the 
thesis because this task demanded that it was necessary to find signals in the vehicle's sys-
tems and that the new the XC90 was required. The few new cars available at Volvo were 
constantly booked and the issue of finding signals in the vehicle considered to be too time 
consuming. Thus parts of the mission were rapidly changed before the programming phase 
began and required a new approach of controlling the User interface. But how could one 
control a system that required the sun’s position without a sun sensor? This issue was solved 
with the use of following equipment and programming: 
 

 IPhone/Ipad with the application sun sensor data. 
 

 Make a Python program, programmed to receive compass data from the application 
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through the network, modify the data with formulas and send it again through the 
network. 
 

 C++ programming to receive data from the Python program through the network 
and apply it on the user interface made with QML code. 

 
Since three different programming languages, QML, C++ and Python, were used it all be-
came more difficult. The subsections underneath further explain the workflow of the pro-
gramming phase but also the reason why three different programming languages was con-
ducted.  
 
 

3.3.4.1 QML programming of the GUI 

Since Volvo cars in Gothenburg worked with QML programming in Qt creator to build 
GUI’s, thus it felt safest to also use it in this thesis. Qt creator can be described as a cross-
platform IDE (integrated development environment) (Rischpater, 2013; Qt creator, 2009) 
which made it possible to work with both C++ and QML code in one project. 
 
This phase started by creating a skeleton of the GUI containing all images that was needed. 
As described in the previous section problems occurred when the shadow was applied. The 
blending modes in Qt Creator (Qt) worked differently as the one in both Photoshop and 
After Effects. In Qt the scenario was the same but when applying the blending mode from 
the shadow layer to another layer they merged to one layer. This made it impossible to 
rotate the dials without rotating the shadows. Similar problem occurred for the background 
shadows. When the shadow layer and the other layer merge to one layer it was then impos-
sible to put images in between those layers. Thereby needed the shadow be edited as they 
did in 3.3.3 Image- and video editing. 
 
After the building process the programming process started for real. All images needed 
programming to behave as a GUI. First the user interface was programmed by key pressed 
events to control the behaviour of different items. For instance when pressing the right and 
left arrow on the keyboard the shadows and highlights began to move since those keys was 
linked to code that changed the frames. Other elements that used key pressed event were 
the tachometer and speedometer pin. When pressing on specific keys one could control 
the rotation of the pins. However those events shall be automatic in the future when they 
are connected to other equipment that controls the system. The next subsection, 3.3.4.2 
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Python, QML and C++ programming of the equipment, further describes how it was con-
nected to other equipment to control the GUI. 
 
 

3.3.4.2 Python, QML and C++ programming of the equipment 

This part of the programming phase required much help from competent programmers 
since it was too difficult to do it all by myself. Since Volvo had a busy period, programmers 
from both LTU and Volvo helped within their area of expertise. It then resulted in three 
different programming languages.  
 
As describe above, the mission changed in the middle of the thesis work which affected the 
whole mission. After some discussions with one expert of equipment at Volvo the direction 
of the project changed to work with compass data instead of sun sensors. He programmed 
a Python script containing code that received compass data from an IPhone application. 
The code also made it possible to set the position of the sun manually with a slider that 
had the same interval as the amount of frames in the GUI. It also contained formulas for 
modifying the compass data with help of the slider value. However those formulas were 
neither correct in terms of programming or mathematically purposes of this mission. Un-
fortunately the expert managed to go on paternity leave before this issue was solved. 
Thereby further help were needed but also many hours work by the student himself trying 
to figure it out. Help was received from a PhD student at LTU and together with the stu-
dent solved the problem. Now it worked as follows: 
 

 The script receives compass data from IPhone, 
 

 The slider manually changed to simulate the sun position. 
 

 Formulas modifying the incoming compass data with slider value to achieve the 
following result; Every time the compass direction changes, the slider value changes 
in opposite direction.  
 

 The script sending the new data through the network waiting for another script 
that receives it. 

 
In order to sort out why this formula was done, it can be described by the following sce-
nario: The sun’s position in relation to the cars direction is manually set to 90, as in this 
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thesis describes frame 90 that simulating the sun position directly behind the car. While 
the car is moving straight ahead no changes of slider value occur but in case of a left turn, 
the compass value decreases meanwhile the slider value increase. The sun’s position 
changes to be more at the left of the car after the left turn. The interval of frame 90 to 180 
describes the sun’s position from directly behind the car until it faces direct left side of the 
car. Thereby need the slider value that simulates the sun position increase equally as the 
compass value decreases. 
 
The expert at equipment made another script that received the modified data, but unfor-
tunately it also was a Python script. Thereby it was not able to use in the GUI that was 
developed with QML. Different programming languages are not compatible with each 
other, thus the script only worked for testing the formula. A new script created in Qt Cre-
ator needed to be developed to receive the value of the formula. This complicated it a little 
bit more; a longer research period was needed to create a server in Qt that received data 
from the sending python script. Further help was also needed after weeks of struggling; 
another PhD student at LTU helped and guided the student through.  
 
This server needed to be developed with C++ language in Qt Creator since QML did not 
work. However, as described above one could create projects in Qt containing both C++ 
and QML code. So the server was created in C++ and then linked to a specific variable in 
QML that controlled the value of the frame number that should be pictured. This linking 
process did not work in the first place even if education examples showed almost the same 
scenario. The PhD student that helped tried to help but it was not his area of expertise 
working with Qt so a last call for help at Volvo was needed. A programmer at Volvo came 
to rescue and the last issue was solved. The whole system now worked correctly and was 
ready for implementation and user testing. 
 
 

3.4 IMPLEMENTATION 

During the project, the decisions about the way of implementation has taken many turns 
such as implementing to a display in the instrumentation of the car directly, implement 
the system to a new Volvo XC90 with a sun sensor installed and finally implementing the 
system to any car. The last alternative described was considered to be the best approach for 
this thesis. Since the system already was computerised it needed to be run by a laptop. The 
laptop then needed to be connected to an IPhone over the network to receive compass 
data. But how can one build a Wi-Fi in a regular car? The answer is; by bringing a 3G/4G 
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router into the car to establish a Wi-Fi and connect all needed equipment to it.  
 
The only that remained to be implemented was a tablet containing the GUI and place it 
behind the steering wheel. The tablet also needed to be connected to the computer by 
either cable or wireless. Figure 35 show all connections made in the implementation but 
also how all equipment depend on each other.  
 

 
Figure 35. Connection of equipment and the path of data transferred. 

 
Figure 35 underneath describe how the tablet is placed behind the steering wheel inside 
the vehicle. The figure also shows the laptop that projecting the GUI on the tablet either 
wireless or with cable. 
 

 
Figure 36. The placement of the tablet inside the car, connected to the laptop. 
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3.5 USER TESTING OF THE GUI 

The user testing of the GUI was carried out in Luleå where the participants were asked to 
test two different variants of the designed user interface, GUI 1 and GUI 2. That’s because 
the test leader would be able to compare them with each other. The GUI operated as fol-
lows: 
 

1. GUI 1: the GUI had a traditional approach, i.e. with no dynamic shadows and 
highlights. 

 
2. GUI 2: The GUI, see Figure 37, contained dynamic shadows and highlights that 

changes with the help of the test leader that sets an initial sun position and then 
control the vehicle's movement relative to the selected sun position with the help 
of a compass. This In order to simulate the function of Volvo Cars sun sensor. 
 
 

 
Figure 37. GUI 2 implemented in the vehicle. 

 
The following sections describe the execution of the test, i.e. how the test was carried out, 
what equipment was used, what tasks the participants needed to answer during the test as 
well as the questions that was asked after the test. 
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3.5.1 Test execution 

The test began with a short presentation to the participant about what would be tested and 
how the test would be conducted. The test in question was carried out in the natural envi-
ronment, i.e. in a real vehicle outdoors to get such a realistic impression of how the user 
interface will be used in the future, see Figure 38. After the participant had sat down and 
felt ready, the test leader started all the equipment, see section 3.5.2 Equipment, needed 
to complete the test. 
 
 

 
Figure 38. Test conducted in a natural environment. 

 
 
The Test leader began with GUI 1 and ended with GUI 2 for half of the participants and 
for the other half the test was conducted in reverse order. This approach was needed to 
compare if the output order of the GUI’s affected the final result. During the test, the 
participants were delivered a number of tasks, see section 3.5.3 Tasks, that he / she per-
formed for both GUI 1 and 2. The information was however not in the same order the 
second time the participants performed the tasks because he / she could have memorised 
the order from the last test and be prepared to answer the question the second time. 
Thereby, the questions were asked in random order the second time so the person would 
not find a pattern. 
 
Each test (GUI 1 and 2) ended with the participants answering a semi-structured question-
naire. This questionnaire was used to get a basis for comparison between old and new 
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concepts. The participant also received a paper containing predetermined options known 
as Microsoft Product Reaction Cards (Benedek & Miner, 2002) (Developed by and © 2002 
Microsoft Corporation. All rights reserved), see section 3.5.3 Questions, that he / she was 
assigned to check the option that best described the various GUI's. These alternatives that 
existed on paper were placed in random order for all similar paper to ensure that they not 
were placed in the same order due to the fact that people usually start at the top left hand 
corner and working its way down. One issue that may occur if the papers had all the same 
order are that the participant may check several boxes at the beginning and misses the boxes 
further down the list. 
 
After both tests had been completed a third part was performed before a final semi-struc-
tured questionnaire, see section 3.5.3 Questions, with supplementary questions was con-
ducted. This part consisted of testing both GUI’s for 5 minutes each with no tasks.  
 
 

3.5.2 Equipment 

 
To carry out the test was following physical equipment required: 
 

• Vehicle 
 

• Laptop 
 

• IPhone 
 

• Tablet 
 

• 4G router 
 

• Video camera with tripod. 
 

• 2 Product Reaction Cards and questionnaire / participant 
 

• 8-10 participants 
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Also this software was needed, especially for GUI 2: 
 

• Application with compass for IPhone / Ipad, sensor data streamer 
 

• Script to retrieve data from the compass application on the iphon which also con-
tains formulas that modify the data to desirable results. 

 
• GUI with associated scripts that receives the modified data. 

 
• Wi-Fi 

 
In section 0  
 
 
IMPLEMENTATION, the use of the equipment was described more in detail and also how 
it was implemented in the vehicle. 
 
At the commencement of test when all the hardware was connected and ready, the test 
leader started the chosen GUI which then appeared on the tablet. In the performance of 
GUI 2 where the compass was used, it was necessary for the test leader to start all the scripts 
that belonged to the transfer of data from the compass, see Figure 39, and connected the 
computer and IPhone to the Wi-Fi. 
 

 
Figure 39.  Laptop consisted of all script (Left) to run both GUI and receive compass data from the IPhone 
application (Right) 

 
All the tests were recorded with a video camera positioned behind the driver's seat, over 
the driver's left shoulder, see Figure 40. The test was recorded in order to document what 
happened on the cluster during the test, but also to document how the participants solved 
the tasks he / she received. 



61 

  

 

 
Figure 40. Implementation of the video camera 

 
During the test, the participants were instructed to perform four different tasks. The results 
of the tasks was later on used to evaluate the readability of the GUI’s, if there was something 
of the GUI that distracted the participant but even if he / she had difficulties finding an-
swers of the tasks in a shorter period of time. 
 
 

3.5.3 Tasks 

The tasks performed were for instance established in order to measure the total time the 
participant looked for various clues in the cluster, such as the speed displayed speedometer 
at proper time the question was asked or what time it showed on the display? These tasks 
were important to ask because every time a driver looking for information in the car dis-
plays, driver’s lost their attention of the road which affects the main task of driving 
(Olaverri-Monreal et al., 2014; Hada, 1994). This in turn means that every extra second 
that the person looking at the displays constitutes a danger to other road users, pedestrians 
and themselves. The tasks were as follows: 
 

1. What speed is the speed meter on right now? 
 

2. What time does the clock in the GUI display? 
 

3. What rpm is displayed right now? 
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4. What temperature is it outside according to the GUI? 

 
 

 

3.5.4 Questions  

 
After each test completed, GUI 1 and GUI 2, was a semi-structured questionnaire con-
ducted in which contained three questions. After both tests and the additional testing part 
were completed, further six supplementary questions were asked. A semi-structured ques-
tionnaire means that the test leader combines both structured and unstructured questions 
in the questionnaire, which means that the survey has both closed and open questions 
(Rogers, Sharp & Preece, 2015; Sundström 2005). The difference of closed and open ques-
tions are that closed questions demands an answer from a number of predetermined 
choices, while an open question, leaving the user with the ability to formulate the answer. 
The first questions asked were: 
 

1. What was your general impression of the car affected by what was shown on the 
display? 
 

2. On a scale from 1 to 6 where 1 is “not at all” and 6 is “fully”, could you use the 
system without affecting your attention on the road? 
 

3. Would you consider using such a system in your vehicle? 
 

The supplementary questions were: 
 

1. If you compare these two user interfaces, which would you like to have in your car?  
 

2.  How was your experience of driving the vehicle affected by the GUI with dynamic 
shadows and highlights shown on the display compared to the GUI without?  
 

3. What concept do you think was easier to detect information in? Describe! 
 

4. Did you notice that the shadows position changing when the vehicle was moving? 
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5. Do you sometimes choose a more aesthetically pleasing product instead of similar 
products that only prioritising functionality even though it is more expensive? 
 

6. What consumer do you consider yourself to be of the following statements: 
 

1. I buy products that are functional, nothing more. 
 

2. Functionality is not all, the product must be aesthetically pleasing, help to 
improve my experience or give me a sense of well-being. 

 
3. It does not matter how it works, it only need to be stylish and matches my 

image. 
 
Microsoft Product Reaction cards are a method that is developed to measure the partici-
pant’s emotional response and the desirability of a design (Benedek & Miner, 2002; Bar-
num, 2010; Albert & Tullis, 2013). The participants were given a paper with 118 different 
words in which he / she could choose as many words that the person himself wanted de-
scribed the product. These words were: 
 
1. Accessible 
2. Advanced 
3. Annoying 
4. Appealing 
5. Approachable 
6. Attractive 
7. Boring 
8. Business-like 
9. Busy 
10. Calm 
11. Clean 
12. Clear 
13. Collaborative 
14. Comfortable 
15. Compatible 
16. Compelling 
17. Complex 
18. Comprehensive 

19. Confident 
20. Confusing 
21. Connected 
22. Consistent 
23. Controllable 
24. Convenient 
25. Creative 
26. Customizable 
27. Cutting edge 
28. Dated 
29. Desirable 
30. Difficult 
31. Disconnected 
32. Disruptive 
33. Distracting 
34. Dull 
35. Easy to use 
36. Effective 

37. Efficient 
38. Effortless 
39. Empowering 
40. Energetic 
41. Engaging 
42. Entertaining 
43. Enthusiastic 
44. Essential 
45. Exceptional 
46. Exciting 
47. Expected 
48. Familiar 
49. Fast 
50. Flexible 
51. Fragile 
52. Fresh 
53. Friendly 
54. Frustrating 
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55. Fun 
56. Gets in the way 
57. Hard to Use 
58. Helpful 
59. High quality 
60. Impersonal 
61. Impressive 
62. Incomprehensible 
63. Inconsistent 
64. Ineffective 
65. Innovative 
66. Inspiring 
67. Integrated 
68. Intimidating 
69. Intuitive 
70. Inviting 
71. Irrelevant 
72. Low Maintenance 
73. Meaningful 
74. Motivating 
75. Not Secure 
76. Not Valuable 

77. Novel 
78. Old 
79. Optimistic 
80. Ordinary 
81. Organized 
82. Overbearing 
83. Overwhelming 
84. Patronizing 
85. Personal 
86. Poor quality 
87. Powerful 
88. Predictable 
89. Professional 
90. Relevant 
91. Reliable 
92. Responsive 
93. Rigid 
94. Satisfying 
95. Secure 
96. Simplistic 
97. Slow 
98. Sophisticated 

99. Stable 
100. Sterile 
101. Stimulating 
102. Straight Forward 
103. Stressful 
104. Time-consuming 
105. Time-Saving 
106. Too Technical 
107. Trustworthy 
108. Unapproachable 
109. Unattractive 
110. Uncontrollable 
111. Unconventional 
112. Understandable 
113. Undesirable 
114. Unpredictable 
115. Unrefined 
116. Usable 
117. Useful 
118. Valuable 

 
After that the participant had checked the boxes, that according how he / she described 
the system, he / she was asked to mark three of those already checked answers that best 
described the system. This approach was conducted in order to collect the same amount of 
response that best described the system from all participants, thus comparison became eas-
ier. 
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4 Results  
This chapter consist of the results of the idea- and concept development and the user test-
ing.  
 
 

4.1 RESULTS OF IDEA- AND CONCEPT 

DEVELOPMENT 

In the idea- and concept development phase were three of all ideas considered to be worked 
further on. As described in section Fel! Hittar inte referenskälla. Fel! Hittar inte referens-
källa., the workflow of this thesis was divided into three iterations that build upon each 
other. Thereby all the ideas were built upon all that was good of the previous iteration.  
 
 

4.1.1 Iteration one 

Iteration one contained the result of the very first idea that was considered to be what 
Volvo asked for. The first impression of the task was that Volvo required that all shadows 
should be cast at the back cover. Thereby, an idea that fulfilled this impression took form. 
An idea containing semi-transparent glass dials and Soulbase to be able to see the shadows 
behind them, see Figure 41. 
 

 
Figure 41. Sketch of the dial 

 
The dials consisted of chamfers with the purpose of reflecting the light from the light 
source, glass rings with the purpose of creating smooth highlights and chrome rings with 
the same purpose. The gauge panel was created with semi-transparent glass to be able to see 



68 

  

the shadow behind it. The idea was also to create dials with different colours to investigate 
the legibility and appearance of the GUI when those colours were applied. The test colours 
were selected according to Arthur & Passini (1992) and Howett (1983) theory about con-
trast between text and background. Since the colour of the dial numbers was predeter-
mined to white by Volvo, background colours that met the requirement of at least 70% 
contrast between them were chosen. Also Borezcky et al. (1998) theory about blue back-
ground with white lettering is the best combination, was taken into calculation. However 
colours that usually are used for other purposes (Smith, 1962; Teichner, Christ & Corso, 
1977; Stevens et al, 2002) were not chosen. The first concept is visualised in Figure 42 and 
Figure 43. 
 
 

 
Figure 42. Concept 1 with blue colour of the dials and Soulbase 

 
 

 
Figure 43. Concept 1 with green colour of the dials and Soulbase. 

 
  
As seen in the figures, the shadows are visible through the semi-transparent glass of the 
gauge panel, but the shadow also looking as it is cast on the navigation map. When it comes 
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to placement of elements in the GUI, one could see that it follows the gestalt law of sym-
metry (Preece et al., 1994; Smith-Gratto & Fisher, 1993), described in Figure 2. The shad-
ows also follow gestalt laws, the laws of figure and ground. The shadows become ground to 
the element which is the figure since the shadows have higher contrast values than the back 
cover (Rubin, 2001; Grossberg, 1997). The shadows also increase the sense of depth in the 
GUI which is typical for figure/ground relationships (Kraak & Brown, 2003; Dao & Gab-
bard, 2013; Luchini & Ross, 2002). 
 
 

4.1.1.1 First evaluation 

The first evaluation where the supervisor at Volvo and the student discussed the result of 
the first concept following advantages and disadvantages were found: 
 
 Advantages: 
 

1. Nice highlights displayed in both chamfer and glass ring of the dial. 
 
2. Good colour choice of the back cover 

 
3. Nice colour of the glass ring. 

 
4. Good Soulbase shape. 

 
5. Follows the law of similarity and laws of figure and ground.  

 
Disadvantages: 
 

1. Unclear material properties of the chrome rings. 
 

2. Indistinct shadows when it appears behind the semi-transparent glass. 
 

3. Too distinct edges of the shadows. 
 

4. The coloured glass made the GUI look as a toy. 
 

5. Shadows obstructing the navigation map, explained in section 3.3.3 Image- and 
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video editing.  
 

6. Too flat gauge panel.  
 

7. Material properties become inaccurate in parts of the animation, see Figure 33 in 
section 3.3.3 Image- and video editing. 
 

8. Too thick dial numbers. 
 

As described above, all advantages proceeded to the next iteration meanwhile all the disad-
vantages needed to be edited or removed.  
 
 

4.1.2 Iteration two 

The second iteration consisted of what was good from the last iteration together with new 
ideas developed. In this iteration was the idea of semi-transparent glass replaced with an 
opaque gauge panel. Also another dial shape was developed, see Figure 44. 
 

 
Figure 44. Sketch of concept two. 

 
The idea of changing the dial shape arose from the evaluation in iteration one. Since the 
dial was considered to be better as opaque and the shape too flat, the shape of a reversed 
cone was developed. Thereby could the shadows from the dial numbers be casted at the 
gauge panel instead. The reversed cone was developed to better display the movement of 
the shadows and to better create highlights. The idea of this concept also was that the 
shadows should be displayed in those areas where the highlights illuminated the dial. The 
concept two is visualised in Figure 45. 
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Figure 45. Concept two. 

 
The colour of the dials and Soulbase was made with semi-glossy black material to be able 
to ensure good legibility of the white dial numbers (Green et al., 1988; Arthur & Passini, 
1983) but also to receive nice highlight on the gauge panel. Also the dial numbers was made 
thinner than in last iteration. With a character size of 7 mm, it met the requirement of at 
least 4.3 mm (Grandjean, 1987; Sanders & McCormic, 1993; Green et al., 2002)  
 
As described above was the animation of the dials considered to be inaccurate and was 
thereby replaced with another animation that focused on only one image of whole image 
sequence, further explained in 3.3.3 Image- and video editing.  
 
 
4.1.2.1 Second evaluation  

The second evaluation was also conducted by the supervisor at Volvo and the student. The 
result of concept two was considered to be close to a final result, but some minor adjust-
ments were required. The advantages and disadvantages were: 
 
Advantages: 
 

1. Good legibility of the dial numbers. 
 

2. Good colour choice. 
 

3. More accurate material properties seen over the whole animation.  
 

4. Clear shadows on the gauge panel. 
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Disadvantages: 
 

1. Still too sharp shadow edges.  
 

2. Too small dials. 
 

3. Misleading highlights; it looks as the light source is shine from underneath instead 
of from above.  
 

4. Hard to identify what form the dial has. 
 
 

4.1.3  Iteration three - the final concept 

Iteration three contained the final concept. As before was new ideas developed together 
with the advantages from the two previous iterations. The idea of cone shaped dials re-
mained since the shadows and highlights looked good in iteration two. However the dials 
in the last iteration had the shape of a reversed cone which gave misleading results of the 
highlights. The shape of the dials was then reversed again to the shape of a cone, see Figure 
46.  
 

 
Figure 46. Sketch of the final concept 

 
The shape of a cone was used to create highlights that look as the light source shine from 
above which the reversed cone failed to visualise. This shape was also easier identified as a 
cone then the other. The dials were also made bigger in this concept to be able to better 
see the content inside and to easier draw attention to them (Rutledge, 2003-2013). The 
final concept is visualised in Figure 47. 
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Figure 47. The final concept 

 
In this concept, both graphics (e.g. symbols) and text were implemented such as fuel gauge, 
clock, outside temperature and fuel consumption per miles in order to increase the infor-
mation level and be able to see it at further distances (Green et al., 1993; Stevens et al., 
2002). This information was factually grouped (Green et al., 1993; Chengalur et al., 2004; 
Stevens et al., 1993) which means that objects with similar purposes were placed near each 
other. Thus the gestalt law of proximity was fulfilled, i.e. objects near each other form a 
group and seems to be related to each other (Fulk 1997; Smith-Gratto & Fisher, 1993). 
Also the gestalt law of similarity was fulfilled due to the fact that the information with 
similar purposes was grouped together (Allanwood & Beare, 2014; Fisher & Smith-Gratto, 
1993). Together with the gestalt laws taken from the first iteration, i.e. law of symmetry and 
law of figure & ground, the final GUI now consisting of four gestalt laws.  
 
The GUI also consisted of low density of information to prevent errors and any difficulties 
of finding important information (Stevens et al., 2002; JAMA, 2004; Normark & Gärling, 
2011; Easterby, 1967). The density was low in order to reduce the risk of distracting the 
driver and reduces the eye-of-the-road-time (Hada, 1994; Wikman, Nieminen & Summala, 
1998; NHTSA, 2006; AAM, 2003). Thus the risk of accidents caused by distraction may 
also be reduced (Olaverri-Monreal, Hasan, Bulut, Körber & Bengler, 2014). 
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4.2 RESULTS FROM THE USER TESTING 

During the user testing of the GUI, both semi-structured questionnaires and Microsoft 
product reaction cards were used to gather the participant’s thoughts and opinions. The 
test was conducted by ten participants aged between 23-61 years old, five women and five 
men. Most of the participants had drove Volvos before since they either own/had owned 
one, rented one or used one at work. Some of the participants also searched for a new car 
and had Volvo as one of the alternatives. As described in 3.5 USER TESTING OF THE 
GUI, two different GUI’s was tested. GUI 1 consisted of an the original appearance but 
with new design and GUI 2 consisted of the same design as GUI 1 but highlights and 
shadows dynamically moved depending on the sun’s position in relation to the vehicle. 
 
 

4.2.1 Tasks performance 

The tasks were at first documented with the help of a video camera directed to the display 
since the tasks answering times needed to be evaluated and compared between both tests. 
This method was later removed after a few participants since the answering time was equal 
for both tests. Also that the participants did not experience any differences between the 
systems readability made this method unnecessary to use. All participants conducted the 
tasks within the required limit of maximum 1-2 seconds eye-of-the-road-time (NHTSA, 
2006; AAM, 2003, Stevens et al., 2002). However, some of the answers came a little bit 
afterwards the question was asked since the participants needed to have their attention of 
the road at that moment or when the steering wheel obscured the display at turns. Also the 
answers in the questionnaire and Microsoft product reaction cards regarding usability and 
legibility indicated that the task performance was equal for both systems. The answers from 
question 2 “ On a scale from 1 to 6 where 1 is “not at all” and 6 is “fully”, could you use 
the system without affecting your attention on the road?” are shown in table 2 below.  
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        Table 2. The participants answers from question 2 in the questionnaire.  

Participant GUI 1 GUI 2 

No. 1 4 4 

No. 2 5 5 

No. 3 4 5 

No. 4 6 6 

No. 5 5 5 

No. 6 5 5 

No. 7 5 5 

No. 8 5 5 

No. 9 2 4 

No. 10 4 4 

Mean value 4,5 4,8 

 
As one could see in table 2, most of the participants experienced that both GUI’s were easy 
to navigate in and finding the information that was questioned. Only one participant an-
swered a lower number than 4 and explained it with “it required much focus to be able to 
read the text since it was so small, however, the text was sharp”. Many other participants 
also experience that the text was too small. However, when explaining that the text had not 
the right font size since the used display for the user testing was smaller than the real display 
all participants considered that the legibility would be better. Another factor that the par-
ticipants highlighted were ease of remembering (Nielsen, 1994) since they considered that 
it was easier to answering the task at the second test, that not depended on which GUI that 
was displayed first. 
  
 

4.2.2 Microsoft product reaction card 

With help from Microsoft product reaction cards, the participants were able to choose how 
they felt about the specific GUI, as described in 3.5.4 Questions. The result of the word 
chosen are explained with a word map where the font size of the words are determined by 
how many participants that have chosen those words. The larger the font size is, the more 
participants have chosen this word, see Figure 48 and Figure 49. The forty of the most 
chosen words are displayed.  
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Figure 48. Word chosen for GUI 1 

 
Figure 49. Word chosen for GUI 2

 
 
The result of the word choice indicates that both GUI’s has high degree of usability since 
easy to use, understandable, friendly, satisfying, useful and usable (Barnum, 2010; Jokela, 
Iivari, Matero & Karukka, 2003; ISO 9241-11) are all highly represented among the se-
lected words. For instance, ease of use was selected by all participants for GUI 1 and nine 
of ten participants chosen it for GUI 2. As one also can distinguish from the word-maps is 
that the participants mostly chose words that describe the appearance and the use of GUI 
1 meanwhile GUI 2 more conveyed feelings based on user experience when using the sys-
tem. For instance, user experience words such as entertaining, satisfying, appealing, attrac-
tive and fun (Bloch, 1995; Alben, 1996 Hassenzahl, 2008; Roto et al., 2011) are more 
represented in the word-map of GUI 2 than GUI 1. Another discovery is that the word 
distracting was chosen more times for GUI 1 than GUI 2 (4 times for GUI 1 and 2 times 
for GUI 2). According to the participants, the distraction when using GUI 1 occurred 
because of the small font size, or that the highlights did not move which for some partici-
pants was perceived annoying.  For GUI 2 on the other hand occurred distraction for two 
participants. Both experienced that they during the whole test draw their attention to were 
the sun was positioned which they considered affected their attention of driving too much.  
 
All participants’ also dialled three words that they thought mostly describe the GUI’s. The 
result is presented in table 3 and table 4. The words that were dialled two or more times 
are displayed.  
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Table 3. Most dialled for GUI 1. 

Words Times dialled 

Accessible 2 

Easy to use 3 

Expected 2 

Familiar 2 

Predictable 2 

Understandable 3 

Usable 3 

  
 

Table 4. Most dialled for GUI 2. 

Words Times dialled 

Advanced 3 

Attractive 3 

Creative  3 

Fun 3 

High quality 2 

Innovative 2 

New 2 

Professional 3 

The result indicates that GUI 1 is a system that the participants recognised i.e. predictable, 
familiar and expected. They also indicate that the system mostly represents usability i.e. 
understandable, usable, easy to use and accessible (Rosson & Carroll, 2002; Nielsen, 1994). 
The results from GUI 2 on the other hand indicate that the system mostly represents the 
emotional and hedonic aspects (Law et al., 2009; Sundbo & Sorensen, 2013) i.e. attractive, 
fun, professional and high quality. They also highlights that the system is something new, 
advanced, creative and innovative. With advanced means that it looks like it is advanced 
designed with help of technology, not advanced in the way that it is hard to use. 
 
 

4.2.3 The questionnaire  

The questionnaire consisted of three parts, one part for GUI 1, one part for GUI 2 and 
one part with supplementary questions comprising both tests and general questions. A 
summary of those three parts are described below. 
 
 

4.2.3.1 Questionnaire GUI 1 

The summary of all answers of the questionnaire for GUI 1 are as follows. 
 

1. What were your general impression of overall the car affected by what was shown 
on the display? 
 
This question seemed to be misunderstood by most of the participants. They 
seemed to describe their overall impression of the display not what impression the 
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car received from what was shown on the display. So both approaches are summa-
rised below.  
 
Many of the participants highlighted the design of the interface, e.g. “clear infor-
mation and speedometer/tachometer needles” (participant 1), “good to have the 
navigation map in the centre of the instrument cluster instead of positioning it only 
in a display further from the line of sight” (participant 8)  and that “the system feel 
modern and stable” (participant 3). One of the participants thought that the vehicle 
felt more modern because of the design of the GUI and another thought that one 
could not get an impression of the overall vehicle since the panel was not built-in 
into the vehicles instrument cluster.  

 
2. On a scale from 1 to 6 where 1 is “not at all” and 6 is “fully”, could you use the 

system without affecting your attention on the road? 
 
This question is described in 4.2.1 Tasks performance, table 2 in which one could 
see that GUI 1 has a mean value of 4,5. 
 
2.1 Describe your choice  
 
The most of the participants experienced that the information was clear and legible 
but a little bit small text at the display which required more focus to read the infor-
mation. This is exemplified by following quote “It required focus to read the text 
since it was tiny, however it was clear” (participant 9). They all considered the text 
as legible and the tasks showed that all passed the requirement to not exceed the 
limit of 1-2 eye-of-the road-time. One participant considered that the information 
about trip counter, fuel consumption and km to zero needed to be more centred 
for better result.  
 

3. Would you consider using such a system in your vehicle? 
 
All considered that they could use such a system in their vehicle since they thought 
that the GUI was organised with good design. For instance, participant 8 stated 
“amazing design in the control panel, accessible information”. 

 



79 

  

4.2.3.2 Questionnaire GUI 2 

The summary of all participants answers of the questionnaire questions for GUI 2 are as 
follows. 
 

1. What were your general impression of overall the car affected by what was shown 
on the display? 

 
Also here seemed this question to be misunderstood by most of the participants. 
Thereby is this question summarised as above for GUI 1. 
 
All participants had positive impression of what was shown on the display e.g. mod-
ern, exclusive, cool, high quality, alive, fun and a more dynamically experience 
which indicates that this system contributed to an increase of the user experience 
(Norman, 2002, Roto et al., 2009). Participant 4 describe the GUI as “Easy to read, 
fun when it happens something around the dials. Cool and exclusive with shadows 
and highlights”. 

 
 

2. On a scale from 1 to 6 where 1 is “not at all” and 6 is “fully”, could you use the 
system without affecting your attention on the road? 
 
This question is described in 4.2.1 Tasks performance, table 2 in which one could 
see that GUI 2 has a mean value of 4,8. 
 
2.1 Describe your choice  
 
Also here many of the participants thought that the text was a little bit too small at 
the test but they also indicates that the text was well placed and grouped (Green et 
al., 1993; Chengalur et al., 2004; Stevens et al., 1993). As in the test for GUI 1 
many of them who began with GUI 1 and afterwards conducted the test for GUI 2 
experienced that it was easier to find information when using the system a little bit 
longer even if the tasks were asked in randomised order (i.e. ease of remembering 
and ease of learning; Rosson & Carroll, 2002; Nielsen, 1994).  
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3. Would you consider using such a system in your vehicle? 
 
All participants considered that they could use such a system in their vehicle since 
they thought that the GUI contributed to better driving pleasure e.g. “fun to see 
the sun’s position in the display” (participant 1), “more effectual” (participant 6) 
and “modern and fun which increased the driving pleasure” (participant 10). One 
participant considered that the GUI could be even more effectual if the test was 
conducted with a vehicle without tinted windows which the test vehicle had.  

 
 

4.2.3.3 Supplementary questionnaire 

After both test, GUI 1 and GUI 2, were conducted a final questionnaire was answered. A 
summary of the participants answers are shown below. 
 

1. If you compare these two user interfaces, which would you like to have in your 
car?  
 
All participants chose GUI 2 when they compared those two interfaces since all of 
them was positive to the dynamic highlights and shadows that simulated the sun’s 
position on the display. Among all answers six participants found that this system 
contributed more to the user experience than the other e.g. “dynamically moving 
shadows and highlights made it felt more stylish, modern and more elegant” (par-
ticipant 2). Others thought that the system felt more alive and more fun to use 
(participant 7), Cool and stimulating (participant 4) and contributed to a more dy-
namically experience (participant 6).  
 
The other four participants all gained the impression that the screen adapted in 
brightness based on the sun’s strength even if it was not the case in this test. The 
screen had the same brightness during the whole test.  
 
The dials were highlighted and changed brightness depending on the position of 
the sun. For instance, when the sun was positioned on the left side of the vehicle, 
the speedometer was brighten up meanwhile the tachometer become slightly 
darker. However some of the participants experienced that the information was 
clearer when the highlight and shadow was behind it.   
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2. How was your experience of driving the vehicle affected by the GUI with dynamic 
shadows and highlights shown on the display compared to the GUI without?  
 
Most of the participants found shadows and highlights positive and contributed to 
a better experience when driving e.g. felt more alive, positive to sun positioning, 
fun and more high-tech, felt professional and spaced. 
 
A few of the participants felt a distraction since they though where the sun was 
positioned when driving and that the information was a little bit harder to read 
than GUI 1. However the majority of the participants found no distraction and 
some of them also considered that the text was easier to read when the highlights 
and shadows was moving.  
 
One of the participants gave a proposal on how the system could be improved and 
described it as follows: “When the highlight are on one side of the dial to describe 
the sun’s position and the speedometer/ tachometer needle moving in the darker 
area it become harder to see the needle. One improvement could be to dynamically 
change the brightness of the needle, to be brighter in the darker parts and darker 
in the lighter parts” (participant 6).  
 

3. What concept do you think was easier to detect information in? Describe! 
 
The majority of the participants considered that it was no difference between both 
systems to detect the information. Two of the participants found it easier to detect 
information in the one with dynamically moving highlights and shadows while one 
considered that GUI 1 was easier to navigate in.  
 

4. Do you sometimes choose a more aesthetically pleasing product instead of similar 
products that only prioritising functionality even though it is more expensive? 
 
Nine of ten participants felt that they could spend more money a more aesthetical 
product since it contributed to a better experience e.g. more user pleasure, increases 
the experience and satisfaction, more trustworthy and more appealing. The one 
that rather chose the product prioritising functionality made it because of low in-
come as a student but stating that an aesthetical product probably would be chosen 
when receiving steady income.  
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5. What consumer do you consider yourself to be of the following statements: 
 

1. I buy products that are functional, nothing more. 
 

2. Functionality is not all, the product must be aesthetically pleasing, help to 
improve my experience or give me a sense of well-being. 

 
3. It does not matter how it works, it only need to be stylish and matches my 

image. 
 
All participants dialled number 2. 
 

6. Free to formulate with own thoughts. 
 
In this question most of the participants answered and gave positive feedback. They 
answered the question as follows: 
 

o “Both systems have clear information and the design feels fresh and robust.” 
(participants 3) 

 
o “Stylish appearance, feels like it matches Volvo.” (participants 2) 

 
o “Was more fun to use GUI 2 and became happier”. (participant 4) 

 
o “The system with highlights and shadows is to prefer only if those are dis-

crete.” (participant 8) 
 

o “The positioning of text together with symbols was useable to not distract 
the driver.” (participant 9) 

 
o “The information needs to be positioned more into the middle of the dis-

play, preferable with a button that changes between all information in one 
place. Smaller dials are preferred to make space for bigger GPS Navigation. 
“ (participant 1). 
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84 

  

5 Discussion  
To be able to follow the thoughts and analysis of this thesis, this chapter contains both 
discussion about the method and result but also discussion regarding relevance of this pro-
ject and how the work can proceed in the future. 
 
 

5.1 METHOD DISCUSSION 

This thesis required a lot of different methods to be able to receive the final result. Nearly 
half of those methods and fields used in this thesis were not included in the original 
education of industrial design engineering which made it much harder e.g. Programming, 
Video editing and Graphic design (Only elective course). Fortunately both LTU and 
Volvo had experts in those areas which made it easier to learn and ask for help. However, 
the mission could have been much clearer formulated of what responsibilities LTU and 
Volvo had. Who had the largest responsibility to help when the student was stuck? Volvo 
considered that the LTU would have the largest responsibility, fair enough but another 
circumstance made it more difficult for the LTU to help since the student moved to 
Jönköping and all trips when help needed or for evaluation was to Volvo cars in Gothen-
burg. Also that the supervisor at Volvo and the student found it easier to work with 
programming languages that Volvo used to receive help faster. Thus it became more com-
plicated to get help from LTU in those questions since they used other programming 
languages. All of those circumstances affected the method and time plan of the project. 
For instance, three different programming languages needed to be learned instead of one 
since four different programmers partially helped when they had time left over and made 
code in those software of their expertise, two from LTU and two from Volvo. The student 
was not an advanced programmer which made three programming languages more com-
plicated to learn. However, all experts that helped and gave feedback was very helpful and 
useful to receive the result of this thesis.  
 
The process with three iterations building on each other considered to be the most effective 
method to finish the thesis on time. Even if the project was not finished at the scheduled 
time, this method is still considered to be the best method used for the project. It was not 
the process as such that failed, it was the time consuming phases such as programming and 
editing of images. Since Volvo would have the same layout on the design of the user inter-
face as before, this target based and agile process was good because of the opportunity to 
come up with an idea, make a design and evaluate. This made it easier to work target based 
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since every time the design was not good enough, iterations was made together with the 
advantages from the previous iterations instead of start from scratch each time (Larman, 
2004). Together with using the process and gathering validate information regarding design 
guidelines and standards the developing phase became more accurate at the beginning. 
With those guidelines one could for instance design the information to be more legible, 
choose right colour and group elements with gestalt laws.  
 
As described above the developing phase consisted of several methods i.e. 3D-visualisation, 
video- and image editing and programming. So many methods to learn was a little bit too 
much and quite time consuming. However, all methods were needed for this thesis but 
sometimes the student complicated things that would had be better to be done in another 
way. For instance, if more programming was learned one could program those shadows in 
Qt creator instead of 3D-visualisation. Thus it had saved both rendering- and image editing 
times. However, since this method was not used one could not argument that it would lead 
to a better result or not. Another proposal on improvement is based on the fact that much 
time was spent on image editing of the shadows. Instead of rendering the shadows from 
both dials and Soulbase one could render it separately since those shadows was blend to-
gether which made it harder to editing. If they were separately from the beginning one 
could first edited the dial shadow in the right way, i.e. so the shadow not obscure the nav-
igation map, and then merge both shadows afterwards when done. Now those editing steps 
needed to be more handmade than it should be.  
 
One of the most crucial changes in the projected that made the design more complete 
occurred when the animation of the whole movement of the light source was exchanged 
for rotation with the one dial that had the best material properties and highlights. It all 
became more realistic when the chrome rings looked as chrome rings instead of too white 
or too dark. Also that this dial was animated in Adobe after effects where light properties 
e.g. brighten up one dial meanwhile darken the other to give the impression of the sun’s 
position, it became more dynamic. It was also appreciated during user test where many felt 
that the display brightness adapted to its surroundings, which in some ways was not the 
case. The display had the same brightness all the time. 
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5.2 RESULTS DISCUSSION 

To achieve the final result of this thesis was not as straightforward as the first impression. 
More underlying work was required for the entire user interface to work in the way it was 
meant. It was not just to come up with an idea, make a concept with images. The system 
needed to be programmed properly and matched with the images rendered from the 3D-
visualisation. To be able to steer the highlights and shadows on the display a compass ap-
plication was used which in turn needed the right formula to navigate them in the right 
way according to the position of the sun. Below, the result discussion is divided into two 
areas from the result phase, final concept and user testing.  
 
 

5.2.1 The final concept 

The final concept was as described achieved from three iterations building upon each other. 
During the work of all concepts, the information gathered from peer-reviewed articles con-
sisting of guidelines and standards was helpful to use in the developing phase. For instance, 
much of the work done to achieve good legibility in the project was developed according 
to guidelines from Green et al. (1988), Arthur & Passini (1983), Grandjean (1987), Sanders 
& McCormic (1993) and Green et al. (2002). Those authors described for instance which 
contrast and colours between foreground and background that was most suitable for legi-
bility (Green et al., 1988; (Arthur & Passini, 1983) but also which font size that was most 
legible at the original distance between display and the eyes of the driver (Grandjean,1987; 
Sanders & McCormic,1993; Green et al., 2002). When comparing the first concept with 
blue dials and white text (i.e. best for legibility; Borezcky et al., 1998) with the final concept 
with black dials and white text (i.e. best for legibility; Arthur & Passini, 1983), the legibility 
became better with the last one in the way both was design according to both Volvo and 
own observation. Those facts in combination with adjusting the highlights and shadows in 
a way that ensured legibility were critical to the final concept. From the beginning, the 
highlights were too bright which led to in poor legibility since the dial numbers disappeared 
into the light. Thereby the highlights needed to be less shiny to make the numbers appear 
correctly. Legibility in GUI’s are one of the most important factors in order to accurately 
and fast be able to see information (Cornog & Rose, 1967) which decreases the drivers eye-
of-the-road-time (NHTSA, 2006; AAM, 2003) and prevent distractions (Olaverri-Monreal 
et al., 2014), and thereby prevent accidents (Horberry et al. (2006; Hada, 1994).   
 
The shadows, discussed in 5.1 METHOD DISCUSSION, were in the final concept more 
discrete than in the other concepts much thanks to removing the shadows that obscured 
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the navigation map. However, at the test display used for user testing the whole GUI be-
came much smaller which had impact on the result. The shadows behind the text was so 
small at the display that the shadow effect was less clear. Thus, the purpose of investigating 
how the legibility was affected by adding shadows became more difficult at the user testing. 
According to own observation when viewing the GUI on a bigger display the shadows could 
be helpful to increase the legibility since the text seems closer to the viewer (Dao & Gab-
bard, 2013) and contribute to higher contrast between figure and ground (Luchini & Rossi, 
2002; Kraak & Brown, 2003). The shadows also contributed to receive more depth in the 
GUI when it was moving which increased the feeling of 3D (Mamassian, Knill & Kersten, 
1998; Chigona, Sonnet, Ritter & Strothotte, 2003).  
 
 

5.2.2 User testing  

The results from the user testing indicated that the final concept with dynamic shadows 
and highlights based on the sun position was successful in both research areas of user ex-
perience and usability. All participant preferred to use GUI 2 rather than GUI 1 that had 
a traditional design. Positive feedback about the experience they felt when using the system 
e.g. fun, stylish, cool, alive, attractive, fresh and satisfying was found in both the question-
naire and Microsoft product reaction cards. Also that feedback about the usability e.g. easy 
to use, understandable, usable, useful and friendly was highly representable indicated that 
the system contributed to both user experience and usability (Norman, 2002).  
 
Many of the preconceptions that dynamic shadows and highlights would affect the reada-
bility or distract the driver in some way was removed when the test answers were evaluated. 
Only one of ten participants found that GUI 2 was less readable than GUI 1 compared to 
two that thought the opposite and the other seven perceived no difference. Also that those 
two that considered the readability was better on GUI 2 underlined that the highlights 
contributed to lit up the text instead of obstruct it. However, two participants found GUI 
2 distracting because they was too concentrated on where the sun was positioned while 
driving. This distraction may affect the driving performance (Normark & Gärling, 2011) 
since the main task of driving are conflicted with those thoughts (Hada, 1994; Wikman, 
Nieminen & Summala, 1998). Since only two out of ten participants experienced the sys-
tem as distracting, thoughts about the sun position while driving might be temporary and 
averted after using the system for a while. But it need to be taken with biggest concern 
because of the risk that the user interface may affect road safety (NHTSA, 2011). One prob-
lem that might have contributed to this distraction was that the shadows and highlights of 
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the GUI had problems following the sun’s position in the little sharper turns and it some-
times lagged from one side to the other instead of floating in between. This problem might 
made it harder to follow the sun’s position and affect that thoughts about the sun position 
occurred.  
 
Another problem that the participants experienced with both GUI’s was the font size of 
the display. However, when explained that the screen size used in the test was smaller than 
what would have been built into an actual production vehicle they became calmer. Since 
the screen size had impact on the legibility in addition to the good test result of usability 
and eye-of-the-road-time the test may get a better result with a display with the same dimen-
sions as the built-in display in the vehicle. The shadows would become much clearer in a 
bigger display and easier to evaluate its impact on usability (Dao & Gabbard, 2013). 
 
 

5.3 RELEVANCE 

According to own observation during the user testing but also the feedback given this sys-
tem has a potential to become reality in a Volvo car in the future. This system can contrib-
ute to increase the user experience while driving and most of the results point out that it is 
not distracting. The system could be used in PR purposes to interest potential buyers which 
might have positive impact on those competitive advantages Volvo pursues with this sys-
tem. Since Volvo made a patent request on such a system they are protected from other 
competitors to develop an equivalent system. Thereby they have the opportunity to devel-
oping it without anyone taking their idea. 
 
However, this system require a long working process to be fully developed. For instance, 
the system need to be adapted to sun sensor data i.e. strength, position and height which 
the mission was from the beginning before it was changed. Also that the system for the 
moment is experienced as heavy for computers with less RAM than 8 Gb which indicates 
that the system need to be modified.  
 
 

  



89 

  

5.4 FURTHER WORK 

Since this thesis resulted in a prototype of the system more work is required. Work mostly 
regarding the adaption and programming to link the user interface with the sun sensor is 
required. Also designing the system to adapt more to the environment e.g. display adapt to 
the sun strength and height. Questions need to be asked what need to be displayed when 
no sun is shining outside or when the vehicle drove into a tunnel. However, the prototype 
could be used as a template of how the system would be designed. Also a more extensive 
user testing need to be conducted for evaluation of the new system with sun sensor but also 
evaluate the problems that occurred in this thesis i.e. distraction caused by concertation 
regarding the sun’s position while driving, too small display and sometimes lagging equip-
ment.  
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6 Conclusions  
Below, all research questions are answered based on both the result of information gather-
ing and the answers from the user testing. 
 
 

6.1 RESEARCH QUESTION 1 

Can graphical elements which enhance the sense of reality compensate for the imple-
mentation of LCD screens instead of physical control panels? 
 
The displays in today’s vehicles has become more technological and the implementation of 
different system e.g navigation, information system and alerts (Normark & Gärling, 2011; 
Dewar, 1988) which makes it more complicated to not have LCD-screens. LCD-screens 
increases the opportunity to change the design of the instrument cluster. In turn the op-
portunity to design displays with graphics results in an opportunity to design systems that 
contributes to usability but also enhancing the drivers experience.  
 
Also much research have been made regarding the legibility (Cornog & Rose, 1967; Green 
et al., 2002) and design of GUI’s on in-vehicle displays which had result in guidelines and 
standards (Young, Lee & Regan, 2008) to contribute to a safer environment while driving. 
However, since all displays, LCD-screens and instrument panel with physical elements, dis-
tracts the driver in one way or the other because they need to take their eye of the road 
(Hada, 1994) one need to design system with biggest caution. 
 
The participants from the user testing indicated that the use of graphical elements was not 
a problem since they thought the system had good design.   
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6.2 RESEARCH QUESTION 2  

Is the user’s experience of the system enhanced if the shadows and highlights dynamically 
changes depending on the sun’s position? 
 
The result of the user testing showed that the user experience was increased in a positive 
way when interacting with the system e.g. Dynamically moving shadows and highlights 
made it feel more stylish, modern and more elegant. All participants preferred the second 
GUI with dynamically moving shadows and highlights instead of the one with traditional 
design. Other answers from the questionnaire proven that the system enhanced the user 
experience was as follows: 
 

 Felt more alive and more fun to use. 
 

 Cool and stimulating experience 
 

 Contributed to a more dynamically experience 
 

Also the answers from Microsoft reaction cards indicated that the user experienced was 
increased i.e. satisfying, attractive, entertaining and fun. 
 
 

6.3 RESEARCH QUESTION 3 

Contributes a system with dynamically moving shadows and highlights to enhancing us-
ability. 
 
The result from the user testing showed that most considered both systems to be equally 
usable and thereby no proof can be establish in this question. However, two participants 
considered that the highlights made the text more legible compared to one that considered 
that the original GUI was more legible which indicates that a marginal improvement might 
have been established. One problem that may have affected the result negatively was the 
use of a smaller display than the original in-vehicle display which made the shadows harder 
to see. Otherwise the use of shadows might have contributed to better legibility (Dao & 
Gabbard, 2013; Luchini & Ross, 2002) but also to guide the visual focus and faster draw 
attention to an object (Chigona et al., 2003; Kraak & Brown, 2003). 
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6.4 RESEARCH QUESTION 4 

Is the driver’s attention affected in any manner while using the system, positive or nega-
tive? 
 
When using the system while driving only affected two of ten participant’s attention nega-
tively since they consider that they thought too much where the sun was located. This need 
to be taken with biggest concern since it may affect the driving performance (Hada, 1994; 
Wikman, Nieminen & Summala, 1998) and thereby have impact on the road safety 
(NHTSA, 2006). However, when comparing both an original layout with the one that had 
dynamically moving shadows and highlights more (i.e. four compared to two) chosen that 
the first one was more distracting in Microsoft product reaction card. Others answered that 
both system were equally usable and legible consisting of no distracting moments.  
 
 

6.5 PROJECT OBJECTIVES AND AIMS  

When the project began both objectives and aims of the project was described. The objec-
tive of the project is worded as follows: 

 
“The purpose of the project is to develop and evaluate a vehicle user interface where shadows and 
highlights on graphical elements are dynamically changed based on the sun's position, height and 
strength. These elements should appeal to the user without in any manner disturbing or attract the 
driver's attention when driving.” 
 
The majority of this objective has been has been fulfilled. The highlights and shadows were 
change depending on the sun’s location but no account was taken the sun’s strength and 
height since it was considered to be too extensive for this thesis. Also as described in the 
research question, most of the participants considered that the system not affected the 
driver’s attention when driving.  Only two found it distracting since they concentrated on 
where the sun was located while driving which may affect the attention of driving.  
 
The goal of the project was worded as follows: 
 

“The goal of the project is mainly to develop a prototype of the graphical interface that can be imple-
mented in a new Volvo. This interface should increase competitiveness of Volvo and attract car buyers. 



94 

  

The goal is also to produce a secure system that assists the driver in the car and do not interfere during 
the drive. At the end of the project the aim is that the visualized graphical elements should be imple-
mented on a display in the car for a more realistic user testing. Here the usability of the visualized 
interface and the drivers’ experience is analysed.”
 
Also here, majority of the goal was fulfilled. A prototype was developed and evaluated with 
positive feedback regarding usability and user experience e.g. attractive, fun, entertaining, 
stylish, useable, understandable and easy to use. This discovery may also lead to further 
developing of the user interface to make it ready for market. Since it is something new they 
had opportunity to increase their competiveness on the market.  
  



95 

  

 

  



96 

  

7 References  

AAM Driver Focus-Telematics Working Group. (2003). Statement of Principles, Criteria and 

Verification Procedures on Driver Interactions with Advanced in-Vehicle Information and Commu-
nications Systems(Version 2.0), 

Adobe help. (n.d). Photoshop help / masking layers. Retrieved June 30th, 2015, 
from https://helpx.adobe.com/photoshop/using/masking-layers.html 

Adobe help 2. (2015). Processing a batch of files. Retrieved July 1st, 2015, 
from https://helpx.adobe.com/photoshop/using/processing-batch-files.html 

After Effect. (2015). Understanding animations. Retrieved April 20th, 2015, 
from https://helpx.adobe.com/after-effects/how-to/aftereffects-understanding-animation-
cc.html 

Aiad, A. (2011). Maya render passes part 1 - tutorial. Retrieved February 25th, 2015, 
from https://www.youtube.com/watch?v=9T47nsigvOM 

Alben, L. (1996). Defining the criteria for effective interaction design. Interactions, 3(3), 
11-15. 

Albert, W., & Tullis, T. (2013). Measuring the user experience: Collecting, analyzing, and pre-

senting usability metrics Newnes. 

Allam, A., Hussin, A. R. C., & Dahlan, H. M. User experience: Challenges and opportu-

nities. Journal of Information Systems Research and Innovation, 3, 28-36. 

Allanwood, G., & Beare, P. (2014). Basics interactive design: User experience design: Creating 

designs users really love A&C Black. 

Allen, J., & Chudley, J. (2012). Smashing UX design: Foundations for designing online user ex-

periences John Wiley & Sons. 

Alvarez, A. (n.d). Rendering passes and layers. Retrieved June 9th, 2015, 
from http://www.thegnomonworkshop.com/tutorials/passes_layers.html 

https://helpx.adobe.com/photoshop/using/masking-layers.html
https://helpx.adobe.com/photoshop/using/processing-batch-files.html
https://helpx.adobe.com/after-effects/how-to/aftereffects-understanding-animation-cc.html
https://helpx.adobe.com/after-effects/how-to/aftereffects-understanding-animation-cc.html
https://www.youtube.com/watch?v=9T47nsigvOM
http://www.thegnomonworkshop.com/tutorials/passes_layers.html


97 

  

Anderson, A. (2012). Using adjustment layers with masks. Retrieved June 6th, 2015, 
from http://www.infiniteskills.com/training/learning-adobe-photoshop-cs6.html 

Andersson, E., & Bäckman, S. (2011). Cad-system comparison: Catia v5 and zw3d 2011. 

Apple. (2015). Performance tips. Retrieved March 2nd, 2015, 
fromhttps://developer.apple.com/library/ios/documentation/FileManagement/Concept
ual/FileSystemProgrammingGuide/PerformanceTips/PerformanceTips.html 

Arthur, P., & Passini, R. (1992). Wayfinding: People, signs, and architecture 

Autodesk. (2015). Multi-render passes. Retrieved June 15th, 2015, 
from http://knowledge.autodesk.com/support/maya/learn-
explore/caas/CloudHelp/cloudhelp/2015/ENU/Maya/files/GUID-9BF67900-7FD6-
463C-A8C9-9D29B95FC535-htm.html 

Barnum, C. M. (2010). Usability testing essentials: Ready, set... test! Elsevier. 

Benedek, J., & Miner, T. (2002). Measuring desirability: New methods for evaluating de-

sirability in a usability lab setting. Proceedings of Usability Professionals Association, 2003, 8-
12. 

Berns, T., & Ivergård, T. (1979). Ergonomiska data för konstruktörer Sveriges mekanförb. 

Buckley, A. (2011). Figure-ground: Drop shadows. Retrieved April 24th, 2015, 
from http://blogs.esri.com/esri/arcgis/2011/11/04/figure-ground-drop-shadow/ 

Bunks, C. (Ed.). (2000). Grokking the gimp (Online ed.) New Riders Publishing. 

Calvo, R. A., & Peters, D. (2014). Positive computing: Technology for wellbeing and human po-

tential MIT Press. 

Chengalur, S. N., Rodgers, S. H., & Bernard, T. E. (2004). Kodak's ergonomic design for peo-

ple at work John Wiley. 

Chigona, W., Sonnet, H., Ritter, F., & Strothotte, T. (2003). Shadows with a mes-

sage. Smart Graphics, pp. 91-101. 

http://www.infiniteskills.com/training/learning-adobe-photoshop-cs6.html
https://developer.apple.com/library/ios/documentation/FileManagement/Conceptual/FileSystemProgrammingGuide/PerformanceTips/PerformanceTips.html
https://developer.apple.com/library/ios/documentation/FileManagement/Conceptual/FileSystemProgrammingGuide/PerformanceTips/PerformanceTips.html
http://knowledge.autodesk.com/support/maya/learn-explore/caas/CloudHelp/cloudhelp/2015/ENU/Maya/files/GUID-9BF67900-7FD6-463C-A8C9-9D29B95FC535-htm.html
http://knowledge.autodesk.com/support/maya/learn-explore/caas/CloudHelp/cloudhelp/2015/ENU/Maya/files/GUID-9BF67900-7FD6-463C-A8C9-9D29B95FC535-htm.html
http://knowledge.autodesk.com/support/maya/learn-explore/caas/CloudHelp/cloudhelp/2015/ENU/Maya/files/GUID-9BF67900-7FD6-463C-A8C9-9D29B95FC535-htm.html
http://blogs.esri.com/esri/arcgis/2011/11/04/figure-ground-drop-shadow/


98 

  

Creator, Q. (2009). Cross-Platform Qt IDE. 

Cross, N. (2008). Engineering design methods: Strategies for product design John Wiley & Sons. 

Dao, B., & Gabbard, J. L. (2013). Early steps towards understanding text legibility in 

handheld augmented reality. Virtual Reality (VR), 2013 IEEE, pp. 159-160. 

David, A., & Glore, P. R. (2010). The impact of design and aesthetics on usability, credi-

bility, and learning in an online environment. Online Journal of Distance Learning Admin-

istration, 13(4) 

Dewar, R. (1988). In–vehicle information and driver overload. International Journal of Vehi-

cle Design, 9(4-5), 557-564. 

Diffrient, N., Tilley, A. R., & Bardagjy, J. C. (1974). Humanscale 1/2/3: A portfolio of infor-

mation MIT Press. 

Dumas, J. S., & Redish, J. (1999). A practical guide to usability testing Intellect Books. 

Edgren, C. (2013). Method and User Interface System for Adapting a Graphic Visualization of a 

Virtual Element, 

Engdahl, K. (1999). Analys av designriktlinjer för utformning av användbara användar-
gränssnitt. 

EPF. (2013). Concept: Iteration. Retrieved May 5th, 2015, 
from http://epf.eclipse.org/wikis/openup/index.htm 

Eugene S. Ferguson. (1994). Engineering and the mind's eye MIT press. 

Farin, G. E. (1999). NURBS: From projective geometry to practical use AK Peters, Ltd. 

Farley, J. (2011). Easily remove white or black backgrounds with blending sliders in photoshop. Re-
trieved April 26th, 2015, from http://www.sitepoint.com/easily-remove-white-or-black-
backgrounds-with-blending-sliders-in-photoshop/ 

Feinberg, M., & Nemeth, C. (2008). Irle. 

http://epf.eclipse.org/wikis/openup/index.htm
http://www.sitepoint.com/easily-remove-white-or-black-backgrounds-with-blending-sliders-in-photoshop/
http://www.sitepoint.com/easily-remove-white-or-black-backgrounds-with-blending-sliders-in-photoshop/


99 

  

FHWA. (2015). Human factors design guidelines for advanced traveler information systems 

(ATIS) and commercial vehicle operations (CVO). Retrieved June 5th, 2015, 
fromhttps://www.fhwa.dot.gov/publications/research/safety/98057/ch03.cfm 

Fish, J., & Scrivener, S. (1990). Amplifying the mind's eye: Sketching and visual cogni-

tion. Leonardo, 117-126. 

Fogg, B., Soohoo, C., Danielson, D. R., Marable, L., Stanford, J., & Tauber, E. R. (2003). 
How do users evaluate the credibility of web sites?: A study with over 2,500 partici-

pants. Proceedings of the 2003 Conference on Designing for User Experiences, pp. 1-15. 

Fry, B., & Reas, C. (2015). Directional light. Retrieved July 10th, 2015, 
from https://www.processing.org/reference/directionalLight_.html 

Govindaraju, N. K., Lloyd, B., Yoon, S., Sud, A., & Manocha, D. (2003). Interactive 

shadow generation in complex environments. ACM Transactions on Graphics (TOG), , 

22. (3) pp. 501-510. 

Graphics Software. (n.d). Alpha channel. Retrieved June 15th, 2015, 
from http://graphicssoft.about.com/library/glossary/bldefalphachannel.htm 

Green, P., Levison, W., Paelke, G., & Serafin, C. (1995). Preliminary Human Factors Guide-

lines for Driver Information Systems, 

GreenNet. (n.d). Understanding the file size. Retrieved March 10th, 2015, 
from http://www.gn.apc.org/support/understanding-file-sizes?page=1 

Grossberg, S. (1994). 3-D vision and figure-ground separation by visual cortex. Perception 

& Psychophysics, 55(1), 48-121. 

Grossberg, S. (1997). Cortical dynamics of three-dimensional figure–ground perception 

of two-dimensional pictures. Psychological Review, 104(3), 618. 

Gubin, D. (1989). Combined Speedometer and Tachometer, 

Hada, H. (1994). Drivers'Visual Attention to in-Vehicle Displays: Effects of Display Location and 

Road Types, 

https://www.fhwa.dot.gov/publications/research/safety/98057/ch03.cfm
https://www.processing.org/reference/directionalLight_.html
http://graphicssoft.about.com/library/glossary/bldefalphachannel.htm
http://www.gn.apc.org/support/understanding-file-sizes?page=1


100 

  

Hales, C., & Gooch, S. (2004). Managing engineering design Springer. 

Harris, R. (2002). Creative thinking techniques. Creative Problem Solving: Creative Thinking, 

Hassenzahl, M. (2005). The thing and I: Understanding the relationship between user 

and product. Funology (pp. 31-42) Springer. 

Hassenzahl, M. (2008). User experience (UX): Towards an experiential perspective on 

product quality. Proceedings of the 20th International Conference of the Association Francophone 

d'Interaction Homme-Machine,pp. 11-15. 

Hassenzahl, M., & Tractinsky, N. (2006). User experience-a research agenda. Behaviour & 

Information Technology, 25(2), 91-97. 

Hazlett, R. L., & Benedek, J. (2007). Measuring emotional valence to understand the us-

er's experience of software. International Journal of Human-Computer Studies, 65(4), 306-314. 

Hole, L., & Williams, O. (2007). Gaining insight into the user experience. 

Horberry, T., Anderson, J., Regan, M. A., Triggs, T. J., & Brown, J. (2006). Driver distrac-
tion: The effects of concurrent in-vehicle tasks, road environment complexity and age on 

driving performance. Accident Analysis & Prevention, 38(1), 185-191. 

Huang, L., & Pashler, H. (2009). Reversing the attention effect in figure-ground percep-

tion. Psychological Science, 20(10), 1199-1201. 

Huitt, W. (2004). Maslow's hierarchy of needs. Educational Psychology Interactive, 

IAS. (2015). Editing a batch of images. Retrieved July 1st, 2015, 
from https://www.itg.ias.edu/content/editing-batch-images-photoshop 

inc, E. G. (2004-2015). Ray traced distance field soft shadows. Retrieved July 10th, 2015, 
fromhttps://docs.unrealengine.com/latest/INT/Engine/Rendering/LightingAndShado
ws/RayTracedDistanceFieldShadowing/index.html 

ISO DIS 9241-210:2010. Ergonomics of human system interaction -part 210: Human-cen-
tred design for interactive systems(formerly known as 13407). International standardiza-
tion organization (ISO). switzerland. 

https://www.itg.ias.edu/content/editing-batch-images-photoshop
https://docs.unrealengine.com/latest/INT/Engine/Rendering/LightingAndShadows/RayTracedDistanceFieldShadowing/index.html
https://docs.unrealengine.com/latest/INT/Engine/Rendering/LightingAndShadows/RayTracedDistanceFieldShadowing/index.html


101 

  

Johannesson, H., Persson, J., & Pettersson, D. (2004). Produktutveckling-effektiva metoder för 

konstruktion och design External organization. 

Jokela, T., Iivari, N., Matero, J., & Karukka, M. (2003). The standard of user-centered de-
sign and the standard definition of usability: Analyzing ISO 13407 against ISO 9241-

11. Proceedings of the Latin American Conference on Human-Computer Interaction, pp. 53-60. 

Jordan, P., & Kerr, K. (1998). Pleasure, usability and telephones. C3 Industrial Control 

Computers and Communications Series, 16, 229-244. 

Jordan, P. W. (2003). Designing pleasurable products: An introduction to the new human fac-

tors CRC Press. 

Kanizsa, G. (1985). Seeing and thinking. Acta Psychologica, 59(1), 23-33. 

Kraak, J., & Brown, A. (2003). Web cartography CRC Press. 

Lanier, L. (2015). Advanced maya texturing and lighting John Wiley & Sons. 

Lalonde, J., Efros, A. A., & Narasimhan, S. G. (2010). Detecting ground shadows in out-

door consumer photographs. Computer Vision–ECCV 2010 (pp. 322-335) Springer. 

Larman, C. (2004). Agile and iterative development: A manager's guide Addison-Wesley Profes-
sional. 

Law, E. L., Jeffries, R., Wixon, D., Hvannberg, E., & Cockton, G. (2007). Maturing usabil-

ity: Quality in software, interaction and value Springer Science & Business Media. 

Law, E. L., Roto, V., Hassenzahl, M., Vermeeren, A. P., & Kort, J. (2009). Understand-

ing, scoping and defining user experience: A survey approach. Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems, pp. 719-728. 

Law, E. L., Vermeeren, A. P., Hassenzahl, M., & Blythe, M. (2007). Towards a UX mani-

festo. Proceedings of the 21st British HCI Group Annual Conference on People and Computers: 

HCI... but Not as we Know it-Volume 2, pp. 205-206. 

Leibowitz, H. W., & Owens, D. A. (1975). Anomalous myopias and the intermediate 

dark focus of accommodation. Science (New York, N.Y.), 189(4203), 646-648. 



102 

  

Lidwell, W., Holden, K., & Butler, J. (2010). Universal principles of design, revised and up-

dated: 125 ways to enhance usability, influence perception, increase appeal, make better design deci-
sions, and teach through design Rockport Pub. 

Lilien, G. L., Morrison, P. D., Searls, K., Sonnack, M., & Hippel, E. v. (2002). Perfor-
mance assessment of the lead user idea-generation process for new product develop-

ment. Management Science, 48(8), 1042-1059. 

Lynda. (2010). Maya tutorial: How to use render layers | lynda.com. Retrieved February 26th, 
2015, from https://www.youtube.com/watch?v=xmRQY4N-J0E 

Lynda. (2010). Photoshop tutorial: Making a base alpha channel. Retrieved April 25th, 2015, 
from https://www.youtube.com/watch?v=LFn_jwKN9d4 

Magazine, S. (2012). User experience design Smashing Magazine. 

Mamassian, P., Knill, D. C., & Kersten, D. (1998). The perception of cast shad-

ows. Trends in Cognitive Sciences, 2(8), 288-295. 

Maya. (2015). Depth map and raytraced shadows. Retrieved July 10th, 2015, 
from http://download.autodesk.com/global/docs/maya2014/en_us/index.html?url=files
/BoL_Shadow_in_Maya.htm,topicNumber=d30e607810 

Mayhew, D. J. (1999). The usability engineering lifecycle. CHI'99 Extended Abstracts on Hu-

man Factors in Computing Systems, pp. 147-148. 

Mbipom, G., & Harper, S. (2009). Visual aesthetics and accessibility: Extent and overlap. 

McClelland, D. (2010). Making a alpha channel. Retrieved 05/05, 2015, 
from http://www.photoshop.com/tutorials/360 

McNamara, N., & Kirakowski, J. (2006). Functionality, usability, and user experience: 

Three areas of concern. Interactions, 13(6), 26-28. 

MediaLab. (2000). Anatomy of the alpha channel. Retrieved 06/15, 2015, 
from http://www.mediamacros.com/item/item-986157744/ 

https://www.youtube.com/watch?v=xmRQY4N-J0E
https://www.youtube.com/watch?v=LFn_jwKN9d4
http://download.autodesk.com/global/docs/maya2014/en_us/index.html?url=files/BoL_Shadow_in_Maya.htm,topicNumber=d30e607810
http://download.autodesk.com/global/docs/maya2014/en_us/index.html?url=files/BoL_Shadow_in_Maya.htm,topicNumber=d30e607810
http://www.photoshop.com/tutorials/360
http://www.mediamacros.com/item/item-986157744/


103 

  

National Highway Traffic Safety Administration. (2006). NHTSA. Traffic Safety Facts 

2000: Pedestrians. (Report DOT HS 809311), 

Nielsen, J. (1994). Usability engineering Elsevier. 

Norman, D. (2002). Emotion and Design: Atrractive Things Work Better.Interactions Magazine, 

Ix (4), 36-42, 

Norman, D. (1988). The design of everyday things (originally published: The psychology 
of everyday things). 

Normark, C. J., & Gärling, A. (2011). Assessment of automotive visual display guidelines 

and principles: A literature review. The Design Journal, 14(4), 446-474. 

Obermeier, B. (n.d). How to batch process actions in adobe Photoshop CS6. Retrieved 7/1, 
2015, from http://www.dummies.com/how-to/content/how-to-batch-process-actions-in-
photoshop-cs6.html 

Obermeier, B. (n.d). How to save a selection as an alpha channel in Photoshop CS6. Retrieved 
March 24th, 2015, 
from http://www.dummies.com/search.html?query=Barbara+Obermeier 

Obert, D. (2014). Maya mondays - render layers, render passes, and post. Retrieved February 
25th, 2015, from https://www.youtube.com/watch?v=vXVWqcte2Us 

Okabayashi, S., Sakata, M., Furukawa, M., & Hatada, T. (1993). Driver'sAbility to 

recongnize forward view and head-up display images in automotive application III. Journal-

Illuminating Engineering Institute of Japan, 77, 285-285. 

Olaverri-Monreal, C., Hasan, A. E., Bulut, J., Korber, M., & Bengler, K. (2014). Impact 
of in-vehicle displays location preferences on drivers' performance and gaze. 

Orborne, D. (1996). Ergonomics at work: Human factors in design and develop-

ment. John Wiley & Sons, Chihester, 

Osborn, A. F. (1953). Applied imagination, principles and procedures of creative think-
ing. 

http://www.dummies.com/how-to/content/how-to-batch-process-actions-in-photoshop-cs6.html
http://www.dummies.com/how-to/content/how-to-batch-process-actions-in-photoshop-cs6.html
http://www.dummies.com/search.html?query=Barbara+Obermeier
https://www.youtube.com/watch?v=vXVWqcte2Us


104 

  

Palmer, S. E., Brooks, J. L., & Nelson, R. (2003). When does grouping happen? Acta Psy-

chologica, 114(3), 311-330. 

Patterson, S. (n.d). Understanding layer masks in photoshop. Retrieved June 30th, 2015, 
from http://www.photoshopessentials.com/basics/layers/layer-masks/ 

Peterson, G. N. (2014). GIS cartography: A guide to effective map design CRC Press. 

Piegl, L., & Tiller, W. (2012). The NURBS book Springer Science & Business Media. 

Plewes, S. (n.d). A UX maturity model for companies seeking competitive advantage: Get-
ting great user experience (UX) design out the door. 

Preece, J., Sharp, H., & Rogers, Y. (2015). Interaction design-beyond human-computer interac-

tion John Wiley & Sons. 

Press, A. M. (2008). Learning autodesk maya 2009 the modeling & animation handbook: Offi-

cial autodesk training guide (autodesk maya techniques offical autodesk training guides) SYBEX 
Inc. 

Rischpater, R. (2013). Application development with qt creator Packt Publishing Ltd. 

Robinson, I. (2013). After effects CC essential training. Retrieved May 1st, 2015, 
from http://www.lynda.com/After-Effects-tutorials/After-Effects-CC-Essential-
Training/122431-2.html 

Ross, T., Midtland, K., Fuchs, M., Pauzié, A., Engert, A., Duncan, B., et al. (1996). 

HARDIE design guidelines handbook. Human Factors Guidelines for Information Presenta-

tion by ATT Systems, 530 

Rosson, M. B., & Carroll, J. M. (2002). Usability engineering: Scenario-based development of 

human-computer interaction Morgan Kaufmann. 

Roto, V., Law, E., Vermeeren, A., & Hoonhout, J. (2011). User experience white pa-

per. Bringing Clarity to the Concept of User Experience, 

Runeson, P. (2005). Combining agile methods with stage-gate project management. IEEE 

Software, (3), 43-49. 

http://www.photoshopessentials.com/basics/layers/layer-masks/
http://www.lynda.com/After-Effects-tutorials/After-Effects-CC-Essential-Training/122431-2.html
http://www.lynda.com/After-Effects-tutorials/After-Effects-CC-Essential-Training/122431-2.html


105 

  

Sanders, M., & McCormick, E. (1993). Human factors in engineer and design. 

Seidel, V. P. (2007). Concept shifting and the radical product development process. Jour-

nal of Product Innovation Management, 24(6), 522-533. 

Shackel, B. (1984). The concept of usability. Visual Display Terminals: Usability Issues and 

Health Concerns, 45-87. 

Shackel, B., & Richardson, S. J. (1991). Human factors for informatics usability Cambridge 
University Press. 

Simons, D. (2013). Adobe after effects turns 20. Retrieved June 17th, 2015, 
from http://www.refworks.com/refworks2/?r=references|MainLayout::init# 

Sintorn, E., Eisemann, E., & Assarsson, U. (2008). Sample based visibility for soft shad-

ows using Alias‐free shadow maps. Computer Graphics Forum, 27. (4) pp. 1285-1292. 

Slater, M., Usoh, M., & Chrysanthou, Y. (1995). The influence of dynamic shadows on pres-

ence in immersive virtual environments Springer. 

Smith-Gratto, K., & Fisher, M. M. (1999). Gestalt theory: A foundation for instructional 

screen design. Journal of Educational Technology Systems, 27, 361-372. 

Sorensen, R. A. (2008). Seeing dark things: The philosophy of shadows Oxford University 
Press. 

Stevens, A., Quimby, A., Board, A., Kersloot, T., & Burns, P. (2002). Design guidelines for 

safety of in-vehicle information systems TRL Limited. 

Sundbo, J., & Sørensen, F. (2013). Handbook on the experience economy Edward Elgar Pub-
lishing. 

Sundström, T. (2005). Användbarhetsboken: Bästa sätten att göra fungerande webb Studentlit-
teratur. 

Sward, D. (2006). Gaining a competitive advantage through user experience de-

sign. Online at: Http://www.Intel.com/it/pdf/comp-Adv-User-Exp.Pdf, 

http://www.refworks.com/refworks2/?r=references|MainLayout::init
http://www.intel.com/it/pdf/comp-Adv-User-Exp.Pdf


106 

  

Sward, D., & Macarthur, G. (2007). Making user experience a business strategy. E. Law Et 

Al.(Eds.), Proceedings of the Workshop on Towards a UX Manifesto, , 3. pp. 35-40. 

Thomas, R. (n.d). Photoshop blend modes explained. Retrieved April 30th, 2015, 
from http://photoblogstop.com/photoshop/photoshop-blend-modes-explained 

Thompson, W., Fleming, R., Creem-Regehr, S., & Stefanucci, J. K. (2011). Visual percep-

tion from a computer graphics perspective CRC Press. 

Tovey, M., Porter, S., & Newman, R. (2003). Sketching, concept development and auto-

motive design. Design Studies, 24(2), 135-153. 

Tractinsky, N., Katz, A. S., & Ikar, D. (2000). What is beautiful is usable. Interacting with 

Computers, 13(2), 127-145. 

Tronic. (2012). Maya multi-pass rendering tutorial - extract the render passes and composite them 

with after effects. Retrieved February 25th, 2015, 
from https://www.youtube.com/watch?v=RyU7TvlcPF8 

Tsimhoni, O., & Green, P. (2001). Visual demand of driving and the execution of dis-

play-intensive in-vehicle tasks. Proceedings of the Human Factors and Ergonomics Society An-

nual Meeting, 45. (23) pp. 1586-1590. 

Turk, D., France, R., & Rumpe, B. (2014). Limitations of agile software processes. ArXiv 

Preprint arXiv:1409.6600 

Use design. (2015). User experience. Retrieved April 27, 2015, from http://www.use-
design.com/en/user-experience 

Van Cott, H. P., & Kinkade, R. G. (1972). Human Engineering Guide to Equipment Design 

(Revised Edition), 

Van der Lugt, R. (2005). How sketching can affect the idea generation process in design 

group meetings. Design Studies, 26(2), 101-122. 

Vogt, A. (2004). Masking a tree. Retrieved 04/26, 2015, 
from http://archive.phong.com/tutorials/mask.tree/ 

http://photoblogstop.com/photoshop/photoshop-blend-modes-explained
https://www.youtube.com/watch?v=RyU7TvlcPF8
http://www.use-design.com/en/user-experience
http://www.use-design.com/en/user-experience
http://archive.phong.com/tutorials/mask.tree/


107 

  

Wallace, S. (1982). Figure and ground: The interrelationships of linguistic catego-

ries. Tense-Aspect: Between Semantics and Pragmatics, 201-223. 

Warf, B. (2010). Encyclopedia of geography. 1.[abler-commons] Sage. 

Wikman, A., Nieminen, T., & Summala, H. (1998). Driving experience and time-sharing 

during in-car tasks on roads of different width. Ergonomics, 41(3), 358-372. 

Young, K., Lee, J. D., & Regan, M. A. (2008). Driver distraction: Theory, effects, and mitiga-

tion CRC Press. 

Zammit, R., & Munoz, J. A. I. (2014). Has digital clay finally arrived? Computer-Aided De-

sign and Applications, 11(sup1), S20-S26. 

 
 
  



 

1 

 

Appendix I - Gantt chart 
 
 

Aktivitet

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

1Projektplanering

2Informationsinsamling

3test med instrumentbräda

4bilkörning med sensor

5analysera data från sensor

6idégenereringsfas

7koceptutvecklingsfas

8programmering

9implementering

10Presentation

11rapportskrivning

12användartester

Tid i veckor
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Appendix II – Microsoft product reaction card 

Words 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2 9-1 9-2 10-1 10-2

Number of 

users who 

chose this 

word test 1

Number of 

users who 

chose this 

word test 2

Accessible 1 1 1 1 1 1 3 3

Advanced 1 1 1 1 1 1 4

Ambiguous 0 0

Annoying 1 1 1 2 1

Appealing 1 1 1 1 1 1 1 1 4 4

Approachable 1 0 1

Attractive 1 1 1 1 1 1 1 1 1 1 1 6 6

Awkward 0 0

Boring 0 0

Bright 1 1 1 1 1 1 4

Business-like 1 1 1 1 1 3

Busy 0 0

Clean 1 1 1 1 1 1 2 4

Clear 1 1 1 1 1 2 3

Cluttered 0 0

Compelling 0 0

Complex 1 1 1 1

Comprehensive 1 1 1 1 1 1 3 3

Confusing 0 0

Consistent 1 1 2 0

Contradictory 0 0

Controllable 1 1 1 0 3

Convenient 1 1 1 1 2

Counter-intuitive 0 0

Creative 1 1 1 1 1 1 1 1 1 1 2 8

Credible 1 1 1 1 2 2

Cutting edge 1 0 1

Dated 1 1 1 1 1 3

Desirable 1 1 1 1 2

Difficult 0 0

Distracting 1 1 1 1 1 1 4 2

Dull 0 0

Easy to use 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 10 9

Effective 1 1 1 1 2 2

Efficient 1 1 1 1

Effortless 1 1 0 2

Empowering 1 0 1

Energetic 0 0

Engaging 1 0 1

Entertaining 1 1 1 1 1 1 1 5

Exciting 1 1 1 0 3

Expected 1 1 1 4 0

Familiar 1 1 1 4 0

Fast 1 1 1 1 2

Faulty 0 0

Flexible 1 0 1

Fresh 1 1 1 1 1 1 1 1 1 3 6

Friendly 1 1 1 1 1 1 3 4

Frustrating 0 0

Fun 1 1 1 1 0 4

Hard to Use 0 0

High quality 1 1 1 1 1 1 1 1 1 1 5 6

Illogical 0 0

Impressive 1 1 1 0 3

Inadequate 0 0

Incomprehensible 0 0

Inconsistent 0 0

Ineffective 0 0

Innovative 1 1 1 1 1 1 1 3 4

Insecure 0 0

Intimidating 0 0

Intuitive 1 1 1 1

Irrelevant 0 0

Meaningful 1 1 1 1 1 2 3

Misleading 1 0 1

Motivating 1 1 1 1

New 1 1 1 1 1 1 1 2 5

Non-standard 1 1 0 2

Obscure 0 0

Old 0 0

Ordinary 1 1 1 3 0

Organised 1 1 1 1 1 1 1 4 3

Overwhelming 0 0

Patronising 0 0

Poor quality 0 0

Powerful 1 0 1

Predictable 1 1 1 1 4 0

Professional 1 1 1 1 1 1 1 1 1 1 1 1 1 7 7

Relevant 1 1 1 1 1 1 4 2

Reliable 1 1 1 1 1 1 1 4 3

Responsive 1 0 1

Rigid 1 1 1 1

Satisfying 1 1 1 1 1 1 1 1 1 1 4 6

Secure 1 1 1 1 2

Simple 1 1 1 1 1 1 4 2

Simplistic 1 1 1 1 2 2

Slow 0 0

Sophisticated 1 1 1 1 1 3

Stable 1 1 1 1 1 1 2 4

Stimulating 1 1 1 1 2

Straightforward 1 1 1 1 1 3 2

Stressful 0 0

System-oriented 1 1 1 2 1

Time-consuming 0 0

Time-saving 1 1 1 1 2 2

Too technical 0 0

Trustworthy 1 1 1 1 1 1 3 3

Unattractive 0 0

Unconventional 1 0 1

Understandable 1 1 1 1 1 1 1 1 1 1 6 4

Unpredictable 1 0 1

Unrefined 0 0

Usable 1 1 1 1 1 1 1 6 2

Useful 1 1 1 1 1 1 1 1 1 4 6

Vague 0 0
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l. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 
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2. Pa en ska la 1-6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 5 6 

2.1 Beskriv ditt va l 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 
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4. Hander det att du valjer en mer estetiskt tilltalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

( (.) 'v'\. 
' 

5. Vil ken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

@ Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga . 
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3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 
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4. Hander det att du valjer en mer estetiskt tilltalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 
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5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

G Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 

I 

MCd1tw\.eW V 6l va ~ 



/ 
Gor _]) 

1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 
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2. Pa en ska la 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 
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1. Om du jamfor dessa tva anvandargranssnitt, vilket sku lle du da vilja ha i din bil, varfor? 
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2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 
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4. Hander det att du va ljer en mer estetiskt tilltalande produkt istallet fo r en likva rdig produkt 

som bara priorite rar att den ska vara funkt ionell aven fast den ar dyrare, varfor? 
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5. Vilken konsument anser du dig va ra av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

unktionall itet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 
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paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 
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2. Pa en skala 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 
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2.1 Beskriv ditt val 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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1. Om du jamfor dessa tva anvandargranssn itt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 
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3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 
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4. Hander det att du valjer en mer estetiskt t illtalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 
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5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

G Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 
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3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 
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4. Hander det att du valjer en mer estetiskt t illtalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fa st den ar dyrare, varfor? 

tTcl15'5 
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5. Vi l ken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

c!)Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den· ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 
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1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

:;e, I? /I:./ 1 5<:W d~l' 1 •" f it1, ;- ,,, ,.. .....,. 
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2. Pa en ska la 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 6 

2.1 Beskriv ditt val 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 



GU I 1 2/Cf 

1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

2. Pa en skala 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 5 ) 6 

2.1 Beskriv ditt val 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 

e /+d/lJ!I 
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1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

/ 

3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 



4. Hander det att du valjer en mer estetiskt t illtalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

5. Vil ken konsument anser du dig va ra av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 

, 
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1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

I c 
~ L { c1! l, -Vl ~ ,' RA 1, l'J 

2. Pa en ska la 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 6 

2.1 Beskriv ditt val 

c;fr ~Jf '.A I I C\ '0 b~ x# {)r 1At On V ~ 1 d ~} A ~ /l wU Vv\.P VJ 

J?c h_. ~ Cf t A f)1 L ~ WI f n,. 17 (j,,(J P / 11 b PvJ, 
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3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 

) 

/ 
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1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

2. Pa en ska ia 1-6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 ~ 6 

2.1 Beskriv ditt val 

/} I j t dt1 v,,.r '.?f".\ -~_t) r I I fJf ff /VV1 /-i Jn f.. Ad y 
' 

J J let r,eA, ,I~ I rr/11;,,., tvf~ J\.,\,,~~ .,_ft 1 ii ~1 V /I 
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3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv . 

./ 
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1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

lJ j I ~ ~ ~ f V1 ~ t, v1 .- ( 1rlu I ef-'J;;.u,J1_111 
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2. Hur paverkades din upplevelse av bilki:irningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

I M vCA/f" v1> ~~~re V1Ah( ~tt f , J 
I 

ckn v ')d..&r r1 /Ji'v t, 
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3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 



Lf!i 
4. Hander det att du valjer en mer estetiskt t illtalande produkt istallet for en likvardig produ~t 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

Jw; ~ (' ;ht ~-r J ~ , · /lvt lA} :A r1.,._,~·JJ.L ~ ~/J '\ JA 
v ./ 
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5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

'3) Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Oet spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 
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Ill/ 

l. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

~ lr 
~~ J rA!'' ""'q) ()"" 

1 r ~~ ~ A.'-t ~ ~ I" 
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2. Pa en ska la 1 - 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 6 

2.1 Beskriv ditt val 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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l. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

\t tyC 
t 

\PtU k 1 

~ ['- l,)1c,17ir% 

2. Pa en skala 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 c9 6 

2.1 Beskriv ditt val 

~fuS>* ~~ lQ.J, vo~v'Z> \f1v 
. 

V\q[ ~ J"'\fv\~ v i 

~ ~\' ~~IL-- . 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 



1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 

\J I 
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y I l/ 
4. Hander det att du valjer en mer estetiskt tilltalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

--< ~ ~ ~\£_, ~ () e.t\. 
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5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

€} Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga . 
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l. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

l • 0 ' 
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2. Pa en skala 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 3 4 5 6 

2.1 Beskriv ditt val 

I 

dcdc t:yd LJJ , 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 

2 ·J 



Got z 
1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

2. Pa en ska la 1 - 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 Q 5 6 

2.1 Beskriv ditt val 

U r;p /e,,,s 501,,,, t ;1 df} ~ eJf-e-r c..,t.1 A 4-Jn__, I s t:. 
ckf- &vt_S~ c!_. 

3. Sku lle du kunna tanka dig at t anvanda dig av ett sadant system i din bil? Beskriv. 



1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkbrningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

?as rw ( ~a-tf' ctJ-~ f?A, M <2efb ss:e lhkJYl?c.-~~ 

~eft soCL1w e4=: 
l 

3. Vilken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 

I 
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4. Hander det att du valjer en mer estetiskt tilltalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

I 7 
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5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

{!) Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga . 
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1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

(\ 

2. Pa en ska la 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 6 

2.1 Beskriv ditt val 

/)fJl)h,vcf e- ,~ d,s-/-rc;./cJ,on j °"~-k:>'r t 
V--lpJ C{/) clce- of I /)p/~Lj t> C 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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1. Hur paverkades ditt helhetsintryck av bilen av det som visades pa displayen? 

2. Pa en ska la 1- 6 dar 1 ar inte alls och 6 ar fullt ut, Kunde du anvanda dig av systemet utan att 

paverka din uppmarksamhet pa vagen? Ringa in ditt svar. 

1 2 3 4 6 

2.1 Beskriv ditt val 

3. Skulle du kunna tanka dig att anvanda dig av ett sadant system i din bil? Beskriv. 
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1. Om du jamfor dessa tva anvandargranssnitt, vilket skulle du da vilja ha i din bil, varfor? 

2. Hur paverkades din upplevelse av bilkorningen da dynamiska skuggor och highlights visades 

pa displayen jamfort med det utan? Positivt eller negativt, varfor? 

3. Vi lken display/koncept tycker du det var lattare att upptacka informationen i, varfor? 

vq r 
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4. Hander det att du valjer en mer estetiskt tilltalande produkt istallet for en likvardig produkt 

som bara prioriterar att den ska vara funktionell aven fast den ar dyrare, varfor? 

5. Vilken konsument anser du dig vara av dessa pastaenden. Ringa in ditt svar. 

1. Jag koper produkter som ar funktionella, inget annat. 

~ Funktionallitet ar inte allt, produkten ska vara estetiskt tilltalande, bidra till att 

forbattra min upplevelse eller ge mig en kansla av valbefinnande. 

3. Det spelar ingen roll hur den fungerar, bara den ar snygg och matchar min image. 

6. Formulera fritt fran egna tankar kring de bada anvandargranssnitten, VALFRI fraga. 


