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Preface 
This master thesis was written and conducted at Linköpings Institute of Technology, 
Linköping University, Sweden, at the Division of Industrial Ergonomics under the 
supervision of Torbjörn Alm and Kjell Ohlsson between January and June 2007. 
 
The project focused on product development and concept creation using glass cockpit 
technology in an automobile environment.  
 
The purpose of this report is to introduce our new main instruments concept and the theories 
and processes leading up to this end result. However, we strongly recommend a visit to the 
University, where the final result is implemented and can be tested in the Virtual Reality 
Laboratory. 
 
Linköping, June 2007 
 
Michael Spendel & Markus Strömberg 
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Abstract 
Today’s automobile cockpit is filled with different buttons and screen-based displays giving 
input and relaying information in a complex human-machine system. Following in the 
footsteps of the early 1970s flight industry, this thesis work focused on creating a complete 
glass cockpit concept in the automobile. 
 
Our automobile glass cockpit consists of three displays. A touch screen based centre console 
with an interface that we took part in creating during the spring of 2006. Parallel to this 
ongoing master thesis, a head-up display was installed by a group of students and we had the 
opportunity of giving input regarding the design of the graphical interface.  
 
The third display, a LCD, replaces the main instruments displaying speed, RPM, fuel level, 
engine temperature etc. Together with ideas on an extended allocation of functions to the area 
on and around the steering wheel, creating a dynamic mode based interface replacing today’s 
static main instruments was the focus of this project. 
 
Based on a previous thorough theoretical study and new ideas were put to the test and 
incorporated in concept sketches. Paper sketches ranging from detailed features to all-
embracing concepts combined with interviews and brainstorming sessions converged into a 
number of computer sketches made in an image processing software. The computer sketches 
was easily displayed in the cockpit environment and instantly evaluated. Some parts were 
discarded and some incorporated in new, modified, ideas leading to a final concept solution.     
 
After the design part was concluded the new graphical interface was given functionality with 
the help of a programming software. As was the case with the computer sketches, the 
functionality of the interface could be quickly evaluated and modified. With the help of a 
custom-made application our interface could be integrated with the simulator software and 
fully implemented in the automobile cockpit at the university simulator facilities. 
 
Using a custom made scenario, the interface underwent a minor, informal evaluation. A 
number of potential users were invited to the VR-laboratory and introduced to the new 
concept. After driving a pre-determined route and familiarizing themselves with the interface, 
their thoughts on screen-based solutions in general and the interface itself was gathered. In 
addition, we ourselves performed an evaluation of the interface based on the theoretical study. 
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Introduction

The first chapter of this thesis is meant to give you, the reader, 
an introduction to the background and scope of the project. 
We hope that you find this thesis interesting and that the 
following introduction gives a general and comprehensive insight 
in the foundation for this master thesis. 

Chapter I



Introduction 

For over thirty years, the flight industry has used electronic displays to relay critical 
information to pilots. Due to the complex nature of an aircraft, the glass cockpit environment 
has been an essential component in reducing the vast amount of flight data and presenting it in 
a comprehensible way. Years of intense research and the constant improvements in computer 
hardware have resulted in a widespread acceptance of the glass cockpit concept in all types of 
aircraft, ranging from massive commercial airliners to small private aircraft.  
 
In comparison, the automobile industry has fallen far behind the flight industry both in the 
usage of glass cockpit technology and simulator-based design. However, in recent years 
several manufacturers have begun introducing advanced computerized systems for relaying 
information to the drivers. These systems involve touch screens, head up displays and other 
information displays combined with some sort of input device. Much is still to be done and 
the full potential of the glass cockpit in an automobile environment has not by far been 
reached. 
 
Today, the number of functions combined with the amount of information that the driver has 
to handle increases with every new model. The introduction of GPS-navigation and the 
broadening of the in-vehicle media systems are flooding the driver environment. This 
development can in some ways be compared to the pre-glass cockpit age of aircraft, in its 
demand for new and innovative solutions. 
 

  
Figure 1. Volkswagen (left panel) and Volvo (right panel) interiors [1]. 

 
The purpose of this thesis was to apply the glass cockpit concept to a greater extent in an 
automobile environment, and at the same time, show the industry the potential benefits of 
simulator-based design and virtual prototyping as concept development tools.  
 
At Linköping University, where this thesis was conducted the facilities hold a virtual reality 
simulator in form of a car simulator. With this tool at our hands we wanted to challenge the, 
in many ways outdated and conservative, automobile industry into thinking in new innovative 
terms when it comes to introducing new technology. One of the project goals was to highlight 
the fact that with new technology comes new possibilities. This means showing the potential 
of the glass cockpit and the possibilities of simulator-based design to improve safety and 
enhance the driving experience in future automobiles. 
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1.1 Background 
To further explain the variables around this thesis we will introduce what previous experience 
we have in this type of work and explain some crucial theory that is essential to understanding 
this master thesis work. We will also have a quick look at what simulator recourses we have 
had at our disposal during this project.  

1.1.1 Previous Experience 
In the spring 2006 a project originating from SAAB Automobile and Linköping University 
was conducted in the VR-laboratory and its car-simulator. The title of this project was 
Emotional Electronics (Spendel, Strömberg, Velander & Zachrisson, 2006) and focused on 
enhancing the cockpit environment with modern technology. A total of eight students worked 
in two project groups, separately focusing on the steering wheel with its main instruments as 
well as on the centre console. As members of the centre console group, we created a touch 
screen based interface controlling all the major functions (such as radio, climate, navigation 
etc.) that one could find in a premium car of today and implemented our solution in the 
simulator cockpit. 
 
One of the project goals shared by the two groups was that of creating an interaction between 
the centre console and the main instruments/steering wheel and by doing so creating a more 
integrated concept. This goal was not met to the point where we felt satisfied and a lot of 
ideas on how to further make use of a glass cockpit environment where still untested. 
Therefore we had a meeting with our former project supervisor Torbjörn Alm and outlined the 
initial ideas for a thesis work based on these arguments. This thesis work would revolve 
around the main instruments area with support of new button configurations on the steering 
wheel.  

1.1.2 Glass Cockpit Concept 
The concept of the glass cockpit was born in the flight industry in the 1970’s. The aircraft 
cockpits of that time were crowded with over a hundred controls, indicators, symbols and 
crossbars. Limitations in available cockpit space and pilot attention called for new solutions. 
NASA started doing research on electronic displays that could present flight data information 
in an easily understood graphical representation of the aircraft flight situation. The success of 
NASA’s research became evident when Boeing, in 1982, introduced its model 767 (Figure 2). 
The 767 cockpit used electronic flight displays resulting in improved safety and better pilot 
understanding. (Wikipedia, 2007) However, in military aviation electronic displays had been 
introduced in the seventies, for instance, to support navigation and flight control.  
 

 
Figure 2. An aircraft glass cockpit [2]. 
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The glass cockpit concept is nowadays well established in the flight industry, but according to 
Alm almost unknown in the automotive business (Alm, 2007). The basic idea of the glass 
cockpit concept is to replace static controls and instruments with glass displays and by doing 
so creating an updatable and mode based driving environment that adjusts the display 
information when needed. In the field of aviation this has simplified the cockpit environment 
enormously and has allowed the pilots to focus on the most essential information. 
 
Today, the glass cockpit is standard equipment in airliners, business jets and military aircraft. 
Even basic aircraft like the Piper Cherokee, PA 31 and Cessna 172 can be delivered with glass 
cockpits. This is something that has revolutionized the aviation field and is highly appreciated 
among pilots and aircraft companies. 

1.1.3 Simulator-Based Design from a Automotive Perspective 
Simulator-Based Design (SBD) is a broad term for design, development and testing of new 
types of products. SBD can be used in numerous fields, ranging from the aerospace and 
automobile domain to applications in the medical field. The design process varies depending 
on the application and the development cycle from concept to product is highly individual.  In 
his dissertation Simulator-Based Design – methodology and vehicle display applications 
Torbjörn Alm (2007) presents an overview of the main steps of the Simulator-Based Design 
process to give an idea of how this cycle is intended to be carried out (Figure 3).  
 

 
Figure 3. The SBD design loop [3]. 

 
As seen in Figure 3 many of the different stages have iterative loops that link back to the prior 
process step. The frequent iterations are crucial in the SBD approach making this cycle both 
flexible and goal oriented.  
 
Virtual prototyping strives to replace some of the initial stages of the more costly physical 
prototyping process when developing a new product. It saves time, money and effort and 
offers a faster and easier testing and evaluation process. For example, if a new set of main 
instruments is to be designed, a virtual prototype is produced and evaluated before  
implementation of a physical model in the intended vehicle is carried out. 
 
With the introduction of the glass cockpit in the aviation industry, a new way of designing and 
evaluating controls and applications was born. By implementing, testing and evaluating new 
applications in a simulator environment, the process of developing new user interfaces and 
examining and evaluating new tasks and functions is greatly facilitated.  
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The technique of using SBD as a tool for industrial design has not yet had its real break-
though outside the aerospace domain. Many developers in the field of aviation have practiced 
this process for decades. In his dissertation, Alm (2007) states that there is a huge gap 
between the leading aviation branch and other industries. He presents a historical perspective 
of the flight simulator evolution and clearly explains how the automotive industry has stayed 
behind in this evolution by stating that, while the aviation society has climbed all the steps, 
“…the automotive industry has mainly taken the first two steps on the simulator staircase…” 
 

 
Figure 4. Flight simulator usage and technical level. [4]. 

 
If we agree to this fact, the importance of climbing more steps on the simulator staircase 
becomes obvious. With this thesis work we strive to take some of these steps and by doing so 
challenging the boundaries of design practice used in the automotive industry.  

1.1.4 Simulator Resources 
Since 1996, the Division of Industrial Ergonomics at Linköping University has been 
organizing and developing an advanced VR (virtual reality) and simulation laboratory. The 
laboratory has its focus on supporting research and educational activities in the area of HMI 
(Human-Machine Interaction). Since 2001, the focus has been implementing and evaluating 
in-vehicle systems for the automobile industry using virtual prototyping. The glass cockpit 
environment and its simulator software combined with top of the line commercial software 
like Macromedia Director and Flash makes the driver environment highly flexible and 
reprogrammable. (Division of Industrial Ergonomics, 2007) 
 
The simulator software, ASim, has been developed by ACE Simulation to support this usage. 
This means that prototypes developed by students and other researchers can be implemented 
to work seamlessly with other already existing simulator functions in the simulator 
environment. (Division of Industrial Ergonomics, 2007)  
 
Aside from the normal dashboard configuration there has been some configurations done, 
where two glass display units have been mounted to work inside the simulator today. One 
input and output unit in form of a touch screen has been mounted to replace the centre console 
and an output unit in form of a standard LCD-screen has been placed in front of the driver in 
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the main instruments area. A third display unit in form of a head-up display (HUD) was 
installed parallel to this thesis work. This unit works as an output source for information and 
supports the other two units. These units all have their pros and cons, but by looking at them 
as one information unit with different tasks their gathered strength is increased and they offer 
a dynamic and interesting workspace.  
 

  
Figure 5. The simulator cockpit. 

1.2 Overview 
In this thesis work, the focus has been to use all the components of the automobile glass 
cockpit environment to decrease the present information overflow and at the same time 
increasing the safety level along with trying to enhance the emotional driving experience. To 
further define our goals we divided them into the following three headlines. 
 
Increased Function Allocation 
We wanted to create a new concept for allocating more functions to the area on and around 
the steering wheel together with a new “menu selection system” visualized on the main 
instrument LCD and the HUD. 
  
Mode Based Interface 
In today’s car cockpit, the main instruments are very static and analogue. Using the 
advantages of the glass cockpit, we aimed to create a mode-based interface, where the 
appearance and content of the interface depend on the driving situation and/or the active 
choice of the driver. An example of a situation dependant interface application is different 
appearances for driving in the city or on the highway. 
 
Flow of Information in a Glass Cockpit Environment 
Combining the two previous issues, we wanted to create a fully functional prototype of a new 
steering wheel for controlling additional functions via new buttons and electronic displays. In 
addition, we strived to integrate the already existing centre console interface with the other 
two displays, creating a sense of entirety to enhance the driving experience. 

1.3 Problem Statement 
The glass cockpit concept is rather new to the automotive industry. Basic electronic displays 
have been used for some time, but it is only during recent years that the multi-coloured 
displays have been introduced. In most cases the glass cockpit components are introduced 
separately and thereby, not utilizing the strengths of the whole concept. How should such a 
concept be designed and which functions are to be controlled from the main instruments area? 
 
At the same time, the introduction of new technology can be challenging to the user and imply 
a risk of diverting attention from the most important task; driving the car. It is therefore very 
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important that the individual components are developed with this in mind. Today’s market 
solutions like the BMW I-Drive may have the opposite effect.  
 
Focusing on the main instruments area, there are a lot of needles and gauges presenting more 
or less relevant information. In addition there is often a smaller electronic display containing 
trip meter etc. as well as a large number of warning and attention symbols. Can the display of 
this vast amount of information be simplified using a screen based main instruments display? 
 
In order to maintain focus head-up many functions are now located on the steering wheel. 
This increase in steering wheel input devices has reached the point where the number of 
individual buttons approaches twenty. Is there a way to allocate even more functions to the 
steering wheel using considerably fewer buttons?   

1.4 Scope 
Like any similar project, this one had a limited time frame and limited recourses. In order to 
complete this thesis we have had to:  
 

• Limit the number of completely functioning sub-systems. This means, for example, to 
only implement graphical feedback in climate control related features.  

• Focus on the interaction between the steering wheel and main instruments. Designing 
a human factors oriented interface was top priority. However, the interaction with the 
other glass cockpit components, touch screen centre console and head-up display, 
were to be taken into account.   

• Assume that less frequently used functions such as equalizer as well as advanced 
climate control and navigational settings are available in the centre console. 

• Conduct only a minor human-in-the-loop evaluation. A full scale human-in-the-loop 
evaluation would take to much time from designing the actual interface.  

• Focus on a younger, more technology oriented target group in order to avoid 
discarding new technology based on the user’s lack of previous experience.  
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This chapter outlines the premises for the thesis work and the 
research questions to be answered throughout the process. 

Purpose and
Reseach Questions

Chapter II



Purpose and Research Questions 
 

As stated earlier, the main purpose of this thesis work was to apply the concept of the glass 
cockpit to the automobile driver environment. In doing so, we aimed to use the dynamic 
surfaces of the main instruments to allocate more functions to that area and the area around 
the steering wheel. By doing so, we were enabling the creation of a mode based interface 
replacing the old, static main instruments. In order to achieve this, we set up a number of 
research questions to be answered along the entire process. 
  

• How is the content of today’s static main instruments display best adapted to a screen-
based display? 

• Is the glass cockpit environment as suitable for car cockpits as for aircraft cockpits? 

• Is it possible to allocate a larger number of functions to the area on and around the 
steering wheel without negatively affecting safety and usability? 

• Which additional functions, compared with today’s steering wheels, are relevant when 
aiming to enhance the driving experience and improving safety?  

• Should a mode-based main instrument interface be dependant on the situation, active 
driver choice or both? 

• Is simulator-based design an effective tool to be used by the automobile industry in the 
development and integration of new applications? 
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This chapter describes the method used in this project. 
The characteristics of this project resulted in the development of 
a specific method, originating from discussions with our supervisor 
Torbjörn Alm and inspiration from similar documented methods.

Method and
Realization

Chapter III



Method and Realization 
 

The figure below gives an overview of the method with which this project was carried out. It 
is divided into three phases. Each phase is described in greater detail starting with the 
information gathering phase.  
 
 

 
Figure 6. The method used in this thesis. 
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Method and realization 
 

3.1 Information Gathering 
In this opening phase the specific project description was formulated. Once this was made the 
information gathering could take place. To receive further input to the project and to establish 
a solid foundation to base the future design decisions on, interviews and brainstorming 
sessions were conducted.  
 
As a final stage, the different inputs were compiled into design recommendations to be used 
in the design work and the concept generating phase.  
 
Theoretical Studies 
Based on the project description and scope, a theoretical study was conducted. The main 
focus was usability and the different factors involved in creating a user interface. Some 
studies on adjacent subjects were also done. These subjects include among others, interview 
techniques, human-computer interaction and human factors. (Chapter 4) 
 
Interviews 
Due to the conceptual and innovative nature of this project, it was imperative to get as many 
and diverse opinions as possible. In order to do this, a number of interviews (4.2.1) were 
conducted. The subjects of these interviews were all connected to Linköping University with 
different areas of expertise, ranging from interface design to programming. As a validation, 
the gathered results from the interviews were sent to the respective interviewee. (Appendix A)  
 
Design Recommendations 
The theoretical studies combined with the interviews were compiled into a number of design 
recommendations. In writing these recommendations we intended to produce a document that 
would summarize the most important aspects of the theoretical study, which could serve as a 
basis for evaluating ideas and concepts. (Chapter 5)  
 
Brainstorming 
We conducted a series of brainstorming sessions (4.2.2) with a number of groups containing 
mostly fellow students with different backgrounds. This was a way for us to receive valuable 
input from people with no previous connection to the project, resulting in sketches and ideas 
to be used in the concept generating phase. (Appendix B) 
 
Sketching 
After completing the design recommendations, parallel to the brainstorming sessions, we 
ourselves sat down on several occasions and produced a number of paper and computer 
sketches, ranging from detailed ideas to more all-embracing designs. Together with the 
material from the brainstorming sessions and the design recommendations, these sketches 
served as a foundation for concept generating phase. 

3.2 Concept Generation 
The concept generation phase was divided into a number of activities, inspired by the product 
design and evaluation cycle found in 4.3.2. The concept generating phase was a very iterative 
process, where the different solutions were evaluated and refined constantly.   
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Design  
A number of all-embracing concepts were produced using computerized design tools. In the 
creation of these concepts we aimed to incorporate as many different ideas as possible from 
the previous discussions, interviews and brainstorming sessions.  
   
Evaluation 
In this phase, the evaluation of the different concepts was done mainly by us, based on our 
previous theoretical studies. Another key element was close discussions and evaluation 
sessions with Torbjörn Alm, Mats Nåbo and Kjell Ohlsson as our primary contacts.  
 
Implement or Refine 
After evaluating each concept after its completion, a decision was made to either repeat the 
design cycle or take the concept to the next level. For every cycle carried out we acquired 
further knowledge helping us reach a final solution.  

3.3 Implementation 
Production 
After settling on a final design for the concept, work began on giving the interface 
functionality by using different software tools. Combined with a custom made application full 
interaction between the interface and the virtual environment was enabled.   
 
User Testing 
After implementing the final concept in the simulator environment we conducted a basic 
human-in-the-loop evaluation. Using a simulated environment scenario we introduced the 
concept to a number of different potential users, letting them familiarize themselves with the 
system and give general feedback.  
 
Evaluation 
The conclusions from the user testing were summarized and evaluated to serve as a 
foundation for future development. Based upon the design recommendations previously 
described we performed a minor evaluation of our own design to see how well we had applied 
our own guidelines.   
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This chapter contains the theoretical frame of reference. The focus 
for these studies was human-computer interaction, user interface 
design and usability as well as human factors (ergonomics). This 
chapter is divided into five main categories concerning the cockpit 
displays, information gathering techniques, human-machine 
interaction, user interface design and lastly dealing with the design 
rrelated questions.

Theoretical 
Frame of Reference

Chapter IV



Theoretical Frame of Reference 
 

4.1 The Cockpit Displays 
As stated in Simulator Recourses (1.1.4) above there has been modifications made to the 
simulator cockpit, where mainly three different display units are introduced. These units are 
generally divided into two types, input and output-devices. Some are integrated, like the touch 
screen, others are strict output or input devices. The latter rely on another device as a 
complement to form a fully functional human-computer interaction system. We will now look 
closer on the three types relevant to this thesis work. 

4.1.1 HUD (Head-up display) 
A head-up display is a display that projects information in or close to the main field of vision. 
The information displayed should be read at a focus distance that is comfortable to the eye 
without loosing focus on the surrounding environment. This is achieved by letting the 
displayed information has its focus distance as close to infinity as possible. The HUD 
technology has been used for many years in military aircrafts, where it is important to 
maintain visual contact with the outside world and the time it takes to refocus on crucial 
information head-down can have serious repercussions. (Sanders & McCormick, 1993)  
 
Head-up displays can roughly be divided into two types, see through and non see-through. 
Both have their separate advantages and disadvantages. Concerning this thesis however the 
see-through HUDs are in focus and when talking about HUDs from now on the see-through 
ones are intended. 
 

 
Figure 7. An aircraft head-up display [5]. 

 
The main advantage with this type of HUDs are that the attention is directed to the 
surrounding environment instead of having to look for information on poorly placed cockpit 
displays. Another aspect favored by this fact is that the eye does not have to refocus over a 
long distance to acquire information (Wickens, Lee, Liu & Gordon Becker, 2004). One 
disadvantage found with HUDs is that the information presented can interfere with the depth 
focus, causing objects to appear farther away then they really are. This fact is maybe less 
important for automobile HUDs, since the driving environment in cars are much richer in 
depth curves (Sanders & McCormick, 1993). Another potential risk is the factor of cluttering. 
This is something that occurs when the HUD information interface is poorly designed and 
there is an overflow of information, making the HUD area crowded and vital information is 
overseen due to information overflow and clutter. 

4.1.2 LCD (Liquid Crystal Display) 
In the main instruments area in the simulator cockpit the static analogue gauges has been 
replaced by a Liquid Crystal Display (LCD). Computer Screens in general are excellent for 
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displaying complex visual, updatable data. They are the most common category of output 
devices. The LCD has an advantage over other flat-screens in that they are light weight and 
require low voltage. They are therefore ideal for places with limited space such as the 
simulator cockpit or a real vehicle. The technology in screen performance is constantly 
advancing, but before installation one has to think about the following. How detailed does the 
image have to be and how many colours needs to be displayed? (Stone, Jarrett, Woodroffe & 
Minocha, 2005)  

4.1.3 Touch Screen 
The touch screen is an input device that allows the user to point directly on the display surface 
to give the computer system input information and commands. Correctly used, the touch 
screen is a very intuitive and easy to learn tool for interaction between human and computer. 
The user attitude towards touch screens is good and they are often used in public-access 
systems, e.g. ticket machines or interactive guides with maps. (Stone et al., 2005) 
 
The fact that it is easy and intuitive to use a touch screen makes it fast to use and therefore 
preferable to many users. Since the interaction takes place directly on the screen the buttons 
(or other direct point interaction devices) has to be quite large, something that limits the 
amount of information that can be displayed at the same time. (Stone et al., 2005). With 
extensive use of touch screens there are some obvious effects such as the screen getting dirty 
from use and the risk of the arm muscles getting strained.  

4.2 Information Gathering 
The following section of this chapter contains theory on the information gathering tools used 
in this project. In order to acquire expert opinions as well as input and ideas from potential 
users of different backgrounds interviews and brainstorming sessions were conducted.  

4.2.1 Interviews 
There are a number of different ways to conduct interviews. Which type of interview 
technique to be used depends on several factors. Some examples of these factors could be the 
amount of information sought and the type of subject to be interviewed (user/expert). An 
important first step before conducting an interview is to clearly define what kind of 
information you want to extract, ranging from raw statistical data to more general 
information. The next step is to decide the degree of formality ranging from unstructured to 
fully structured. (Bell, 1987) 
 
An unstructured interview, often based on a theme, can produce a lot of quality information. 
However, unstructured interviews require a higher skill level of the interviewer. The results 
are more difficult to analyze and it is important not to regard the interview as just a fruitful 
conversation. (Bell, 1987) 
 
On the other side of the spectrum, the fully structured interviews have a strict, predefined set 
of questions and leave little room for digression. This makes the results easier to analyze, but 
at the same time risks leaving out important questions/themes. (Bell, 1987) 
 
Most interviews conducted during the information gathering phase are a combination of the 
two extremes, semi-structured. Semi-structured interviews is a way of “guaranteeing” that the 
most important themes are touched upon, and at the same time leaving room for the 
respondent to be spontaneous and bring up question-related themes. (Bell, 1987) 
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In Intervjumetodik, Lantz (1993) discusses how to conduct a professional interview. Below is 
a selection of guidelines to be used when conducting an interview: 
 

• Describe the purpose and structure of the interview. 

• Ask questions in a logical order. 

• Conclude the interview with a summarization.  

 
Depending on the type of interview, documenting and analyzing the results can be done in 
different ways. Structured interviews often involve questionnaires or pre-written question 
sheets filled in by the interviewer. Unstructured and semi-structured interviews require 
another type of documentation like taking notes or preferably recording the interview on tape 
or video. When recording an interview, it is very important to acquire the consent of the 
interview subject. The recording can be used in comparison with the notes and for acquiring 
quotes. If possible, it is recommended to let the subject of the interview read the interview 
transcript and verifying the results and interpretations made. (Bell, J. 1987) 

4.2.2 Brainstorming 
Brainstorming is a popular method for concept generation. It can be very useful when looking 
for highly creative solutions to different problems. There are a number of different variations 
of brainstorming, but the most commonly used is group brainstorming. Group brainstorming 
can be very effective because it uses the experience and creativity of all the members in a 
group, explained by the following quotation: 
 
“When individual members reach their limit on an idea, another member's creativity and 
experience can take the idea to the next stage.” (Mind Tools Ltd, 2007) 
 
Another way of maximizing the brainstorming session is to have members with different 
backgrounds and areas of expertise. This way, members can stimulate each others creativity 
by combining and improving other member’s ideas. (Johannesson, Pearsson, & Pettersson, 
2004) 
 
Below are some tools recommended by Mindtools.com on how to run an effective 
brainstorming session: (Mind Tools Ltd, 2007) 
 

• Define the problem you want solved clearly, and lay out any criteria to be met. 

• Keep the session focused on the problem. 

• Ensure that no one criticizes or evaluates ideas during the session. 

• Encourage an enthusiastic, uncritical attitude among members of the group. 

• Encourage people to develop other people's ideas, or to use other ideas to create new 
ones. 
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4.3 HMI (human-machine interaction) 
In the study of ergonomics and human factors it is important to look at what factors are 
involved when humans and machines interact. Before the computerization of many 
environments the term HMI was widely used and comprised almost all interaction between 
man and machine. It was a term often used when talking about controls and control room 
design mainly focusing on the appearance and use of gauges, meters, dials and knobs.  
 
In more recent years the terminology has refocused and HMI has more or less been replaced 
with HCI (human-computer interaction). Both terms now include the interaction between 
humans and machines, computers in general, and can be used to describe interface design in a 
hand held device, but also include large scale systems such as aeroplanes, cars or power 
plants.  
 
To minimize the barrier between the user and the machine it is important to keep a wide 
perspective and combine various interdisciplinary aspects to achieve the best results possible. 
Aside from the obvious fields of computer science and information technology some 
important aspects are: 
 

• Cognitive science 

• Design 

• Ergonomics 

• Human Factors 

• Psychology 

 
These topics will be discussed under other headings in the following pages. We will brush on 
subjects as information optimization and function allocation, the principle of proximity and 
importance, HCI in particular and human factors. 

4.3.1 HCI (human-computer interaction)  
As stated above HCI is at first glance quite easily explained, it is the study of how humans 
and computers interact. To fully understand what this means however, and how to use this 
knowledge to the best is a much more complex matter. 
 
The term HCI is in its broadest interpretation a description of all ways that people get in 
contact with and interact with computers. One way of getting a better grip of the term is to 
divide it into two parts of human-computer interaction, direct or indirect. The direct 
interaction refers to computer systems such as personal computers that are manipulated 
directly by the user. An example of an indirect interaction system is the laser scanners used in 
many libraries and cash registers today. (Stone et al., 2005) 
 
In this thesis we will concentrate on the direct interaction systems. When a user comes into 
contact with a computer system it is mainly via some sort of user interface (UI). When talking 
about UI-design and HCI it is always important to remember whom the design is intended for. 
One commonly used design principle, with minor variations to its explanation, is the term 
UCD. UCD stands for User-centered design and is a design approach where the system- or 
interface-user becomes the main focus of design. A broad explanation of this design method is 
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that it not only focused on understanding the user’s needs during development, but also strives 
to recognize and take into account the tasks that the user will perform with the functioning 
system. Another important aspect of this method is to be aware of the environment in which 
the system will function. (Stone et al., 2005) 
 
Human-Centered Design Processes for Interactive Systems is the title of the ISO standard 
13407. It lists the principles and essentials of HCD with the intent to achieve usability in a 
system. In short its four main principles (summarized from Stone et al., 2005) are: 
 

1. The active involvement of users 

2. An appropriative allocation of functions between user and system 

3. The iteration of design solutions 

4. Multidisciplinary design teams 

 
By using these principles from the ISO standard the designer is ensured to have a user’s 
perspective during the HCI design and this will positively influence the usability of the final 
product according to User Interface Design and Evaluation (Stone et al., 2005). It is vital that 
the interaction between the user and the interface is good. There have been many dangerous 
errors directly connected to bad or false HMI design, some even leading to death. It is 
therefore important that human factors (and HMI) designers “… strive to maximize the ease, 
efficiency and safety of products and environment” (Wickens et al., 2004). In Human Factors 
Engineering (Wickens et al., 2004) it is also stated that a well designed interface, along with 
preventing errors and frustration, also has a great impact on learning time, performance speed, 
and user satisfaction. 

4.3.2 Human Factors and Engineering Psychology 
Human factors or ergonomics can be defined in many similar ways. The definition used by 
the International Ergonomics Association says:  
 
“Ergonomics (or human factors) is the scientific discipline concerned with the understanding 
of interactions among humans and other elements of a system, and the profession that applies 
theory, principles, data and methods to design in order to optimize human well-being and 
overall system performance.” (International Ergonomics Association, 2007)  
 
The main objective of human factors engineering is to reduce errors, enhance safety and 
comfort and increase productivity in the interaction between a human and a system. The study 
of Human factors is a broad field and can be divided into many areas. In Engineering 
Psychology and Human Performance (Wickens & Hollands, 2000), the authors focus on the 
design of systems that accommodates the human brain’s information-processing capabilities. 
Using the term engineering psychology, Wickens and Hollands describe the intersection 
between the goals of human factors and experimental psychology. For this thesis, focus will 
be on the human factors part of engineering psychology described by the following quote: 
“The goal of human factors … is to apply knowledge in designing systems that work, 
accommodating the limits of human performance and exploiting the advantages of the human 
operator in the process.” (Wickens, & Hollands, 2000, p. 2) 
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Human Factors Engineering         
There are a number of different ways to define the process with which a product ought to be 
developed. Wickens and Hollands use the following figure.  
 

 
Figure 8. Wickens and Hollands design loop. [6] 

 
The process shown in Figure 8 is an iterative process aiming to improve the design with every 
repeated cycle. Changes in the design are made, the product is put to use and is then 
evaluated. The conclusions are implemented in the next cycle, constantly improving the 
product. This iterative process can be applied to both new and existing products. Wickens and 
Hollands highlight two elements for achieving effective human factors engineering, task 
analysis and choice of research method (Wickens & Hollands, 2000). However, in this project 
a task analysis could have negative consequences for the result. The use of new technology in 
concept development means in a way breaking away from the patterns of the old user 
environment. Developing the new concept design based on a task analysis from the existing 
environment could lead to the incorporation of old and possibly unwanted user patterns in the 
new design. 
 
When choosing an appropriate research method Wickens and Hollands list a number of 
different approaches. They include field studies, surveys, task simulations, literature and 
handbooks. Which one/ones to choose depend on the task/tasks to be studied, as well as the 
time frame and the amount of recourses available. (Wickens & Hollands, 2000) 
 
Human Information Processing  
To better understand the way a user will act when faced with different tasks, a model of 
human information processing stages is helpful. It provides a framework for analyzing the 
different psychological processes used in the interactions with systems. Figure 9 shows a 
model based on Wickens and Hollands. (Wickens & Hollands, 2000) 
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Figure 9. Human information processing. [7] 

 
• Sensory Processing. Information and events gain access to our brains via the five 

senses. The quality of our visual and auditory receptions greatly affects the quality of 
information that reaches the brain. This goes for the other sensory receptors as well. 
There is a mechanism in the brain called the short-term sensory store (STSS) that 
stores and prolongs the representation of the raw stimulus evidence, ranging from half 
a second up to four seconds (auditory STSS). An example of this is a driver’s ability to 
recover an auditory command a few seconds after the command was executed due to 
distraction. 

• Perception. The data gathered by the sensory receptors must be interpreted before 
being relayed to the brain. This stage is called perception. Inputs from the sensory 
process combined with input from the long term memory gives meaning to data. For 
example, a car horn meaning “danger to the left”. This type of perception also includes 
other sensory inputs (visual, motion etc.) 

• Cognition and Memory. The cognitive process often resembles perceptual processes, 
and the boundary between them is often blurred. However, the distinction that sets 
them apart is that cognitive operations generally require greater time, mental effort, or 
attention. 

• Response Selection and Execution. The selection of a response (action) is often 
triggered by the perception and cognitive transformation of a situation. Some 
situations require a greater amount of cognitive transformation than others.  

• Feedback. The feedback loop has two main implications. The first implications is that 
the flow of information can be initiated at any point, exemplified by Wickens and 
Hollands in the following quote: “… a driver’s decision to turn on the radio is not 
driven by a perceived environmental event, but rather a cognitive motivation to obtain 
information or music.” (Wickens & Hollands, 2000 p. 13) The second implication is 
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that when performing tasks such as driving and walking, the flow of information is 
continuous. “… thus, it is just as appropriate to say that ‘action causes perception’ as 
it is to say perception causes action.” (Wickens & Hollands, 2000 p.13) 

• Attention. Attention or the supply of mental recourses available to the user is limited 
and needs to be taken into account when assessing the total attention demand for 
different tasks. Many situations require a dividing of these recourses due to multiple 
tasks being performed simultaneously.  

 
The above described model of human information processing should be used as a basis for 
analyzing different tasks. These analyses can then be incorporated in the design of, for 
example, a new glass cockpit interface, improving its usability and reducing the number of 
user-errors.      

4.3.3 PCP and Adaptive Automation 
A paper was presented in 1995 on the concept of the proximity compatibility principle (PCP) 
and how it applies to display design. The proximity compatibility principle is a guideline to be 
used when determining where displays, and in a broader interoperation where entities in a 
display based interface, should be located in relation to each other. With the constant 
improvement in screen-based display technology the need for this principle becomes more 
and more relevant, something that is stated in this quotation from the report The Proximity 
Compatibility Principle. (Wickens & Carswell, 1995 p. 473) 
 
“…the greater flexibility of electronic display options enabling display integration, colour, 
and multi-functionality increases the flexibility of design and leads to far more complex 
meaning assigned to the concept of ‘where’”.   
 
The highlighted word where refers to the actual placement of the display and in the broader 
term the placement of information. These proximity guides are based on classic principles of 
functional grouping e.g. gestalt laws (4.4.5). The authors themselves argue that the PCP goes 
beyond the classical principles in various aspects dealing with factors like mental costs, 
perceptual space and information-processing mechanisms among others.   
 
The results show that concerning display layouts, it is more important to group displays and 
units that have similar tasks than, for instance, to group those frequently used. On a further 
note the authors claim that informational objects will have totally different qualities and 
grouping, whether they are homogenous or not in their appearance. Another statement made is 
that in using the PCP the risk of information clutter will decrease resulting in less confusion 
as the information become grouped in a more natural way.   
 
In the report The performance and workload effects of task re-location during automation 
(Hancock & Scallen, 1997) the PCP is interpreted and discussed in terms of making 
information relevant and available in an aircraft cockpit. The authors discuss how the where-
factor mentioned above literally exploded when the glass cockpit technology was introduced 
into aircraft cockpits. Information could now be placed wherever there was a screen and the 
need for guidance on how to, and especially where to, place information became crucial.  
 
One way to use functional grouping and the proximity compatibility principle is to apply it to 
adaptive automation. This is a strategy to dynamically present situation relevant information 
when needed – also known as just in time. The information can be changed on demand from 
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the driver/pilot as well as on demand from the system due to environmental requirements. It is 
also possible for the driver/pilot and the system to interact in such a way that control of a 
certain execution can shift a number of times, depending on the specific task demands. With 
the increasing demand in tasks performance it is important to allow the system to be 
automated, but equally important to always make the user aware of any shifts in control as 
well as what functions remain manual. (Wickens & Carswell, 1995) 

4.3.4  Information Optimization and Function Allocation 
To handle the ever growing flow of information in today’s road-vehicle cockpits, a lot of 
research material and conceptual methodology can be found. A great deal of this material has 
its roots in the aviation industry were as mentioned in the introduction; the glass cockpit has 
been developed since the late sixties. In his doctoral thesis Alm (2007) brings up the need for 
a more dynamic and adaptive display design approach in a more general in-vehicle context.  
 
The Ecological Interface Design (EID) method approaches information optimization 
emphasizing the importance of not overloading the operator with information of less 
relevance. Alm discusses two opposite strategies to optimize screen-based display content, 
highlighting and de-cluttering. In both concepts, all information is available. With the 
highlighting concept the most important information is made more visually salient, usually 
done by using colours, increased brightness and animation. De-cluttering on the other hand 
makes the less important information less visually salient by dimming it (Alm, 2007). 
 
Based on previous research, Alm proposes the use of the de-cluttering approach. An 
additional strategy to reduce clutter is to make the presentation of certain information 
situation dependant. However this raises two major questions. “First, which pieces of the 
available information suit the current level of control? Second, who will be in charge of the 
activating procedure?” (Alm, 2007, p. 31) The latter of the two questions leads us to the area 
of automation and function allocation. The initiation of system changes could be taken care of 
by a human operator, an intelligent technical system or a combination of both. Applying a 
dynamic shift in controls between the human operator and the “machine” is called adaptive 
function allocation. (ibid.) 
 
In his thesis, Alm suggests applying adaptive function allocation also to the interface design, 
where “the adaptive interface will change dynamically depending on the contextual 
circumstances” (Alm, 2007, p. 31). However, with a task dependant presentation of 
information, it is important to keep the operator “in the loop”. Not doing so can lead to 
automation surprises with frustration and eroding human operator trust in the system or worse 
as a result. (ibid.) 

4.4 User Interface Design 
After discussing HMI related issues in the previous section the focus will now be on the 
design of a user interface and graphical user interfaces in particular. A user interface often 
involves some sort of interaction between the user and the system.  
 
The User Interface (UI) is the program or function that acts as a communicator between the 
user and the system, computer etc. Since this thesis involves the creation of a computer based 
user interface the reference to UI will from now on point to this, unless otherwise stated. The 
UI is extremely important in facilitating the interaction between user and system, for example, 
the huge database is only as good and usable as the interface handling the search engine. The 
following headlines cover crucial parts in designing user interfaces. 
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4.4.1 Usability 
A good user interface is extremely important but at the same time difficult to accomplish. 
There are many definitions and guides on how to create an interface with good usability. One 
reoccurring, often quoted, definition is the international standard, ISO 9241-11 concerning 
usability for office work with visual display terminals.  
  
“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.” 
 
The three words effectiveness, efficiency and satisfaction are often described in detail. 
Effectiveness in this context is referred to as the accuracy and completeness with which the 
user can achieve a certain goal in a certain environment. Efficiency means the amount of 
recourses used in relation to the accuracy and totality with which the user has reach a certain 
goal and satisfaction is the comfort and acceptability of the system in regard to its user and 
other affected people. (Stone et al., 2005) 
 
User Interface Design and Evaluation (Stone et al., 2005) points out that there are two aspects 
to this definition. They claim that on one hand the interface is useable directly to one specified 
user, the user for whom the interface is designed and developed. On the other hand the 
definition could be interpreted to focus the usability beyond the user’s immediate work 
environment and instead focus on the context in which the system and its user are thought to 
operate. 
 
This ISO definition might be good and well accepted but it is at the same time very broad. To 
try to pinpoint usability and what it stands for in a more user interface specific way, various 
guides and directions have been put together. The once processed in this thesis all say similar 
things but uses different key words. User Interface Design and Evaluation (Stone et al., 2005) 
lists the following five criteria’s for usability in a system: 
 

1. Effective. The completeness and accuracy with which users achieve their goals. 

2. Efficient. The speed (and accuracy) with which users can complete their tasks. 

3. Engaging. The degree to which the tone and style of the interface makes the product 
pleasant and satisfying to use. 

4. Error tolerant. How well the design prevents errors or helps with recovery from those 
that do occur. 

5. Easy to learn. How well the product supports both initial orientation and deepening 
understanding of its capabilities. 
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Another way to list criteria’s for usability in the context of user interfaces is presented in User 
Interface Design (Lauesen, S. 2005) as a six point “Usability factors” list: 
 

1. Fit for use (or functionality). The system can support the tasks that the user have in 
real life. 

2. Ease of learning. How easy is the system to learn for various groups of users? 

3. Task efficiency. How efficient is it for the frequent user? 

4. Ease of remembering. How easy is it to remember for the occasional user? 

5. Subjective satisfaction. How satisfied is the user with the system? 

6. Understandability. How easy is it to understand what the system does? 

 
As stated above, these two lists of usability criteria’s state about the same principles but using 
different words and phrases. One remark that User Interface Design and Evaluation (Stone et 
al., 2005) does when discussing its list of five E’s is worth mentioning. They recommend the 
designer to view usability and UI design advice in general, and their list in particular, as 
recommendations in more then one aspect. The first remark they do is to say that the entities 
on a list such as theirs should be considered “all together, as they are interdependent” (Stone 
et al., 2005, pp.108). It is important not to focus too much on one entity, since it is easy to 
loose grip of the entirety in that case making causing the system to lack in good usability. The 
usability recommendations can be used as design suggestions to create an easy to use 
interface as well as way to identify user needs for a desired system, in both ways ending up as 
a user interface with good usability. 
 
Product Introduction and the Learning Curve 
Closely linked to usability are the studies of the learning curve. This is most easily explained 
with Figure 10. The different components of usability are associated with different sections of 
the curve, more or less obvious. (Jordan, 2001) The figure (apart from some expressions 
modified to fit this text) is taken from An Introduction to Usability (Jordan, 2001). 

 
Figure 10. Product learning curve. [8] 

 
As shown, the error rate (broadly interpreted as the usability) of a system is plotted against 
the time of use. When a user is introduced to a system or product for the first time, especially 
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a new and experimental product, the first process is a guessing stage, where the user gets 
familiarized with the product or system. Then the user is ready for the first task.  
 
With time the user gets more and more familiar with the system and goes through different 
stages, all linked to the usability factors. As the error rate goes down the first stage is passed, 
reusability. This means that the user is able to leave the system for a comparatively long time 
and still be able to return and perform tasks with efficiency and satisfaction. 
 
With further time and use, the user enters the state of being an experienced user, recognizing 
the system. When this user is faced with new types of challenging tasks, he or she uses the 
previous knowledge and experience of the system to quickly resolve and complete the task at 
hand. The time from the first task to the point of Experienced user recognition is summarized 
as the learning stage.  
 
The system potential is the maximum level of performance that is possible for the system. In 
An Introduction to Usability (Jordan, 2001) a good example of this is given. For a command 
line interface (such as DOS) “the number of keystrokes required to complete a particular task 
would be a measure of the system potential … – the less keystrokes the higher the system 
potential.” (Jordan, 2001, p. 14) It would then be irrelevant how skilled and experienced the 
programmer is, he or she would still need a number of keystrokes to achieve a task.  
 
The learning curve and the usability factors can be important tools to have in mind when 
introducing a product, especially a new and unfamiliar one. The product manufacturer and the 
designers can gain significant advantages over their competitors if they use the usability 
factors the right way. This helps the user to advance as fast as possible on the learning curve. 
(Jordan, 2001) At the same time it is important as a designer to be patient and not forget to let 
the user have some time to familiarize with the new product in order to give a good opinion 
on it, based on user experience. 

4.4.2 Input and Output 
Within the field of interactive systems, Human Factors Engineering (Wickens et al., 2004) 
talks about two types, input- and output-systems. Output-systems are the type of systems 
where the computer gives the user information. In order to design and create a good output 
system, there are many elements of interaction to take into consideration, colour, gestalts, 
mental models and symbols etc. 
 
The other type, input-system, controls the mechanisms relating to how the user operates and 
commands the interface. In its broadest interpretation many ways of input is included, voice 
control, manual input and eye-tracking to mention a few. Interesting to this thesis work is 
mainly manual input in the form of different types of input devices that control the interface. 
How the interface in it self is controlled is a different subject, often referred to as interaction 
styles. 
 
In the book User Interface Design, Lauesen (2005) states that it is, in principle, a very easy 
task to create a user interface, “you just have to make it possible for the user to see and 
change all data in the system…” (Lauesen, 2005). The hard part in designing a UI is to make 
it easy to use. There are many directions and guidelines for this, some already covered in the 
usability section (4.4.1). Some specific topics to consider when designing a computer 
interface are highlighted below. 
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4.4.3 Interaction Styles and Menu Selection in Particular 
Graphical interface design has as many finished solutions as there are designers. With the 
graphic design of an interface aside the interest will instead be directed on how the interface is 
intended to work and function. As covered above interaction styles are part of the output- and 
input-systems (Wickens et al., 2004).    
 
One way of dealing with interfaces is to talk about interaction styles. What this means is the 
ways that a user can communicate with a computer system and how the computer 
communicates to the user. There are many interaction styles that a designer can choose to 
work with. All styles concentrating on various forms to iteratively perform a dialog between 
user and computer. Different types of interaction styles are discussed in Human Factors 
Engineering (Wickens et al., 2004). They are: 
 

• Fill-in forms: Provides blank spaces for users to enter alphanumeric information. 

• Menus: Provides users with a list of items from which to choose one or many. 

• Question/answer: Provides one question at a time, and user type answers in fields. 

• Command languages: At prompt, user types in commands with limited, specific 
syntax. 

• Function keys: Commands are given by pressing special keys or combination of keys. 

• Direct manipulation: The user performs actions directly on visible objects. 

• Restricted natural languages: Computer understands a restricted set of spoken 
messages. 

Among the many interaction styles, menu selection is the one that we have chosen to work 
with in this project. We will therefore now look closer on this interaction style.  
 
A menu selection interface is a set of predefined options that a user can choose from, 
preferably in a menu. The typical menu system consists of icons or items that the user can 
choose from and select, receiving feedback that indicates what option has been chosen and 
preferably what command will be executed in doing so. (Stone et al., 2005)  
 
On the topic of recognition and repetitive learning the menu selection interaction style is one 
of the better. Here the options for choosing are set and the user does not have to recall any 
options from memory to be able to proceed. This, of course, demands that the items on the 
menu are useful. Otherwise the user will not be able to select and execute the right options in 
an accurate and rapid way resulting in confusion, frustration and eventually errors. 
 
One fundamental advantage with the menu system is that, if correctly designed, it simplifies 
decisions and provides a structured interaction with the user. A complex decision process can 
be broken down into smaller, more easily understandable steps that provide a clearer and 
more logical foundation for the user to base his or her choices on. This demands much 
consideration from the designer regarding structure, layout, frequency of use and logical flow 
among other things. In User Interface Design and Evaluation (Stone et al., 2005) some 
guidelines has been produced to aid in designing a menu selection interface. Relevant 
selections from the guidelines are:  
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• Use task semantics (flow of tasks and interaction) to organize menus. 

• Give menu items titles that reflect their functions. 

• Group items meaningfully. 

• Use short names for menu items. 

• Use consistent grammar, layout and terminology. 

• Consider the screen’s size when deciding the number of menu items. 

4.4.4 Mental Models 
Mental models are often referred to as the user’s understanding and expectations of a system 
and how it works. A good interface design should help the user to develop a true and accurate 
mental model, if this is ignored many usability problems can occur. When trying to explain 
exactly what a mental model is, the opinions differ. Some say that mental models are like 
pictures, some say it is a kind of logic, others say that it is like a step-by-step procedure of 
what to do (Lauesen, 2005). It may very well be all three in a mix, different for all people.   
 
In the area of mental models and user interfaces the ability to predict a certain occurrence is 
relevant. By this is meant that the user anticipates an action from the interface or system 
because of a mental model of what will happen when an option is chosen or a command is 
executed. The anticipation in this case is based on prior experience that has been processed 
into a mental picture, which helps to understand and predict (anticipate) what will occur. If 
the user’s mental model correlates with what the system actually does one could say that the 
system is well designed and has good usability in terms of mental model conformity.  
 
According to User Interface Design (Lauesen, 2005) there are three major models within the 
HCI area, where the mental model is one. The other two closely related to mental models are 
the Cognitive model and the Conceptual model. 
 
The cognitive model is a model made by an observer that explains how the user perceives 
something. It could, for instance, be a psychologist that observes and describes a user’s 
action. With this observation as origin the interface designer can try to use, by enhancing or 
reducing, the cognitive model to further improve the user interface design. 
 
Conceptual modeling is when the designer explains how a system is supposed to work. There 
are mainly two reasons that the designer could do this, according to Lauesen (2005), either as 
a plan for designing the details of the system or as an explanation to the user of how a system 
works. 
 
It is crucial to remember, however, that the mental models are something that the user relies 
on when situated with an unfamiliar task to solve or a system to comprehend. The mental 
models are therefore something that is often incomplete and unstable, but constantly present. 
For a new system or interface the mental models are of minor importance, since the user will 
come in contact with unfamiliar tasks. It is therefore recommended that designers use familiar 
solutions to already known problems when designing a new interface, so that the user feels 
secure in his or her interaction and already has a mental model that correlates to the new and 
unfamiliar interface. (Stone et al., 2005) 
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4.4.5 Gestalt Laws 
One important psychological aspect when discussing the subject of visual perception is how 
data is perceived, an important part of user interface design. A gestalt in this context is 
something that we as humans perceive as a unit or an object. The gestalt laws are helpful in 
explaining how something is intuitively perceived without training or effort by the observer. 
There has been a lot of research in this field and many examples of gestalt laws and their 
applications can be seen in every day life, e.g. 3D pictures in newspapers. (Lauesen, 2005)  
 
There are many different gestalt laws and the line between where one ends and the other takes 
over is sometimes thin. Many figures or objects are often built up by many different gestalt 
laws working together or sometimes against each other. To differentiate the gestalt laws, 
Produktutveckling (Johannesson, Pearsson & Pettersson, 2004) describe them in the following 
way.  
 
The law of Symmetry (1) tells us that the brain wants to detect 
symmetry and geometry when observing a picture or pattern. 
The brain strives to understand what is being observed and 
therefore interpret symmetry because this is easier to process. 
 
The law of Proximity (2) explains that objects close together 
tend to form patterns to help the brain process and interpret 
what is being observed. It is therefore important to create 
logical groups of entities that belong together and divide others 
that are important to keep separated.  
 
The law of Similarity (3) is based upon the fact that objects 
with the same characteristics forms gestalts to the observer. 
This can be created by using the same shape, colour or property 
etc. to create a grouping of elements.  
 
The law of Closure (4) is a gestalt law that is based upon the 
phenomena that the brain wants to fill up gaps and by doing so 
complete and close incomplete elements or objects. Lines that 
join up and close a surface are easily understood as a whole, a 
unit or a gestalt. 
 
The law of Continuation (5) can be explained as the fact that 
pieces on a smooth line are perceived as belonging together, or 
that dots are perceived to form a line or a consistency of some 
sort instead of being just random. This is all a fact to the brain 
trying to create continuity within a picture or object. 
    
         Figure 11. Gestalt laws.  

4.4.6 Symbols 
Humans have used graphical representations (symbols) to relay meaning and information for 
thousands of years. If used correctly, symbols can be universal and have the ability to convey 
information to people regardless of their origin or language. However, different cultures 
assign different meaning to symbols. When used poorly, errors and misunderstandings can, 
and have had catastrophic consequences, and in worst scenarios resulting in the loss of human 
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life. In later years, since the introduction of the computer, symbols are used in a vast array of 
applications. 
 
Graphical symbols are divided into several categories. The ones that will be discussed in this 
segment are icons and pictograms. Icons are referred to as simple, concrete and self-
explanatory. Pictograms on the other hand are usually more abstract, conveying messages by 
analogy or symbolism, requiring a certain learning process. (Piamonte, 2000)  
 
Today’s society is flooded with symbols representing restrooms, bus stops, emergency exits, 
restaurants etc. The meanings of these symbols are often embedded deep in our consciousness 
from young years.  
 

 
Figure 12. Examples of different symbols. [9] 

 
When designing a new symbol, it is important to use symbols that best represents its referent. 
This depends on the strength of association, in turn, depending on already established 
association and ease of learning. Designing new symbols often include using parts of already 
existing symbols. Design recommendations include figure boundaries, closure, simplicity and 
unity. When the suitability of an icon is in question, some sort of test should be conducted. 
Human Factors in Engineering and Design (Sanders & McCormick, 1993) highlights a few 
criteria:  
 

• Recognition. Subjects are usually presented with experimental symbols and are asked 
to write down or say what each symbol represents. 

• Matching. Several symbols are presented along with a list of all the referents 
represented. The subjects are then asked to match the symbols with their referent. 

• Preference and Opinions. People are asked to express their preferences and opinions 
about new symbols. 

4.4.7 Interaction Elements 
After choosing the appropriate interaction hardware (electronic display, speaker, etc.) it is 
equally important to consider how to use them effectively. User Interface Design and 
Evaluation (Stone et al. 2005) provide a chapter focusing on how to choose appropriate 
interaction software components. Some of these components are text, colour and sound. 
Despite the fact that these entities are easy to change, using them in a consistent manner can 
greatly improve the usability of a UI. 
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Text 
Text is a key component in relaying information to a user in all kind of applications. One 
advantage when using text is its ability to be easily manipulated. Another advantage is that 
text is less ambiguous than, for example, a picture or an icon. Users tend to interpret the 
intended meaning of a text more accurately. Usage of words familiar to the user is important 
for the text to make sense. (Stone et al. 2005)  
 
Legibility is very important when working with text. Below are some examples provided by 
User Interface and Evaluation (Stone et al. 2005) on how to ensure legibility: 
 

• Choosing an appropriate font. A font is made up of two components, typeface and 
type size. It is important to use a familiar typeface and choose an appropriate size, not 
to small and not to big.  

• Letter spacing. Legibility is affected by the amount of letter spacing.  

• Line Spacing. When using smaller type sizes, legibility can be improved by increasing 
the line spacing. If the line spacing is too wide, the lines may not be perceived as 
being related to each other. 

• Line endings. Use grammatical boundaries if working with very short lines. Try to 
give each short line a distinct thought.  

 
Colour 
Colour is used for many different reasons. Some examples of this are, to draw attention, make 
information clearer and making the interface more attractive. Because screens are only able to 
display a limited amount of colours visible to the human eye, there are limits to the accuracy 
of their colour reproduction. However, most modern screens produce 16 000 colours or more, 
which is more than enough in order to differentiate between different types of information. 
Differences can also be found in the way we perceive colour from a screen compared to 
colour from a printed paper. 
 
When using colour, it is important to take into account that users have different connotations 
to different colours. These differences in connotation sometimes derive from cultural 
differences. “For example, in Western culture, red is often used as a warning colour, but in 
China it is a joyful or lucky colour.” (Stone et al. 2005, p. 251) 
 

 
Figure 13. The effects of colour and contrast. 

 
There are several factors to be considered when striving for an effective use of colours. Two 
important factors are brightness and contrast. Sufficient contrast between the brightness of the 
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foreground and background colours is crucial for the legibility of a text. Bright colours such 
as yellow tend to become tiring when applied to large areas of a screen. Extreme difference in 
brightness may lead to a visual vibrating effect and should be avoided. Other techniques for a 
more effective use of colour are (Stone et al. 2005):  
 

• Number of colours. Limit the number of colours on the screen. 

• Colour perception. About eight percent of the male population is colour blind.  

• Colour for reinforcement. Combine colours of high contrast (black on white) to 
reinforce a message. 

• Colour for grouping. Use different colours for different groups/categories of 
information. 

• Colour coding. Assign different colours to different object and statuses. 

 
 
Another set of similar recommendations can be found in Human Factors in Engineering and 
Design. (Sanders & McCormick, 1993) 
 

• Use as few colours as possible. 

• Avoid using the extremes of the colour spectrum, the reds and blues. 

• Avoid using the colour pairs of saturated colours, for example red and blue, on a dark 
background. 

• Maximize the colour contrast between text and background.   

 
Sound 
Using sound as an output can be a very effective tool especially in applications where the 
user’s attention is needed away from the screen. However, the use of sound is ambiguous and 
can be a source of distraction and irritation. Sound should always be accompanied by text or 
images when used to relay critical information. User Interface Design and Evaluation divide 
sounds in three categories. (Stone et al. 2005) 
 

• Ambient sounds and sound effects. Sounds that appear as a natural by-product of 
another happening. For example, the buzzing sound of a computer fan, indicating the 
status of its wellbeing. Such sounds are often incorporated into software applications, 
for example, the sound of a screwed-up paper dropping into a wastepaper basket. 

• Music. Short sequences of musical notes can be used in many different applications. 
An example of this is the Windows start-up tune. 

• Speech. The most demanding category due to the complex nature of speech 
recognition and speech generation. 
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Sound effects are best used to communicate information in the following ways: (Stone et al. 
2005) 
 

• Reinforcing the visual component of the UI. 

• Confirming the successful completion of an operation. 

• Attracting attention.  

 
Tactile Feedback 
Another method of interacting with the user is tactile feedback. A combination of visual, 
auditory and tactile feedback lowers the risk of overflowing one or more of these individual 
channels of human perception. To our specific project, tactile feedback is not relevant, since 
the time limit did not allow us to develop a more integrated interface.  

4.5 The Design Perspective 
Earlier in the theoretical frame of reference we have talked about the importance of 
understanding HCI, the significance of good usability and how to design user interfaces. 
These topics are all essential and equally important to assure good functionality and user-
centered design. An equally important perspective when dealing with products intended to be 
sold to users is that of product appeal, or the design perspective. This has to do with pure 
aesthetics and how to appeal emotionally to the potential user.  
 
”Creating desirable products which people will want to buy, use and live with over a 
substantial period of time is a complex activity requiring input from a range of diverse 
disciplines.” This is a statement that Green & Jordan (2001) makes in Human Factors in 
Product Design. Furthermore, they go on by saying that the industrial designer’s main 
purpose is to add extra value to a product’s function. This is based upon the opinion that a 
user’s view of what value a product has is entirely decided on surface information (Green & 
Jordan 2001). It is therefore important not to neglect the need for good and user appealing 
design. How to accomplish this on the other hand is very difficult, but there are some general 
recommendations. 
 
The designer has to try to differentiate between the user’s needs, musts and wants. These are 
entities that to some extent are measurable, but are hard to measure without influencing the 
user, particularly for new products. It is therefore important to understand who the user for a 
specific product is, and satisfying this customer is the outmost important design objective. 
(Green & Jordan, 2001) 
 
In order to appeal to a customer or user there are some “pleasure-factors” (Green & Jordan, 
2001) that needs to be considered. Linking a product to different emotional responses is a 
reliable way to focus the product towards the final form. The four pleasure-factors are often 
overlapping and complement each other and should not be seen as static factors of design. 
 
Physical pleasure is considered to be a major influence to a user’s acceptance and 
appreciation of a product. Many tests has shown this to be a fact, e.g. the texture of a 
keyboard button and the tactile response of it actually being hit and giving a physical response 
to the user was rated as the two most important factors out of 8 in a survey. Another example 
of this is the fact that the creaking in the plastic body of a walkman or camera is found as a 
strong negative affect. (Green & Jordan, 2001) 
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Sociological pleasure points to the fact that there are many products today that are taken for 
granted and are missed only when they are not there. A mobile phone, for instance, is a 
personal item that has a big sociological impact to its user, for a long time it stood for a 
certain lifestyle, but today it has more general effects being shown in the choice of model 
more than the fact of owning or not owning one. The sociological pleasure explains that the 
response to a product is highly governed by the users self image and identity. (ibid.) 
 
Psychological pleasure in terms of usability is important. Many users feel that tasks and 
products that are perceived as complex often represent something that is scary and 
overwhelming. Helping this with some explanatory displays or easier redesign might help to 
improve the psychological pleasure experienced by the user. Another mobile phone example 
to this pleasure-factor is that of the battery duration time being less then 8-10 hours, meaning 
that the user can not be allowed a full days use, something that have a direct negative impact 
on the value of the phone. (ibid.) 
 
Ideological pleasure is perhaps the most abstract of the four pleasure-factors. Given a 
number of different models of a product, let’s stay with mobile phones as an example, most 
people would have something to say about every model and its potential users. The perceived 
age of a model is very influential in terms of being modern and desirable or old and 
unattractive. Also the colour is of high influential matter, some colours are automatically 
associated with being easy to attract dirt and rapidly becoming torn and scratched. (ibid.) 
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To assemble the knowledge that we have acquired through this 
project process, we have summarized the previous theoretical 
chapter into comprehensive and easily overviewed design 
recommendations. The recommendations are based upon 
conclusions drawn by our selves with a firm base in the 
reviewed theories. 

Design 
Recommendations

Chapter V
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The following design recommendations are a compilation of the theoretical study and 
interviews conducted at the beginning of this project. These recommendations are intended 
for virtual prototyping and user interface design in glass cockpit environments. It is important 
to note that the recommendations are not to be used as strict rules, but rather as a basis for 
discussion, providing a general direction for similar projects. Since every project is unique, 
these recommendations need to be modified and adapted before being applied. The 
recommendations are therefore written with a general approach leaving out project specific 
details. Mentionable is also that the design recommendations presented in this chapter are 
based upon the theories that we have acquired, and may in detail differ to other sources. It is 
therefore once more notable that they should be looked upon as recommendations and basis 
for discussion rather than set, firm rules.  
 
Flow of Information: A multitude of displays, as in the glass cockpit environment, require an 
optimization of the informational flow. Contextual circumstances and level of relevance 
should affect the decision on were certain information should be presented. When presenting 
large amounts of information on the same display, methods like highlighting and de-cluttering 
can be used to reduce operator workload. Consult the proximity compatibility principle (PCP) 
when grouping different sources of information. 
 
Apply the study of Human Factors (automation, function allocation) to informational 
presentation. Use situation and task dependent presentation of information to improve safety 
and reduce errors. Make sure to keep the operator “in the loop”. Automation surprises leads to 
frustration and eroded operator trust in the system.  
 
Adaptive Function Allocation: In the aviation industry adaptive function allocation means 
shifting control of certain functions between the human operator and the “machine” 
depending on contextual circumstances. This concept needs to be modified before being 
applied to vehicle systems (cars, trucks, busses) with a lower grade of automation. Instead of 
automation, the amount of functions available to the operator may change depending on the 
situation (driving in the city/on the highway) and/or the task being performed (reverse gear, 
overtaking). Again, it is very important to keep the operator “in the loop” when changes in 
functionality are made.  
 
Input Devices: Make sure that the input devices (e.g. keyboard or buttons) are relevant to the 
task they need to perform. Try to minimize the number of input devices and carefully increase 
the use of multifunctional buttons. Remember to make the user aware of what function is 
activated, user in the loop. This could be done by highlighting or by applying mental 
modeling. Strive for system optimization and speed, but at the same time not compromising 
the usability. 
 
Human Information Processing: When designing applications to be used in road-vehicle 
systems, it is important to study human information processing. When broken down, the 
process of perception, cognition, response selection etcetera can be analyzed for each unique 
task. Another important aspect to be taken into account is the limited amount of mental 
recourses available to the human operator. For example, try to reduce the amount of 
information presented in situations with high operator workload. 
 
Interaction Elements: Designing user interfaces involves working with text, symbols, 
colours and sounds. Use the strengths of the different elements to achieve a high level of 
usability. For example, colour coding of different categories of information and 
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supplementary use of sound effects when the user’s attention is needed away from the screen. 
Be sure to consult the available guidelines regarding the different elements:  
 

• Colour (contrast, combinations, colour blindness etc.),  

• Text (size, typeface, spacing etc.),  

• Symbols (recognition, association, evaluation etc.).       

 
Usability: Usability branches out into every other design recommendation. The three words 
from the ISO definition, effectiveness, efficiency and satisfaction should permeate every 
designing stage and future adjustments and modifications made to the interface design. 
Consult a list of usability criteria for interface design during the whole project to make sure 
that a usability methodology and approach is upheld. 
 
User Interpretation: In order to satisfy the user and get a good emotional response to an 
interface design it is relevant to consult the gestalt laws and remember the mental model 
theories. They will help the user to understand the interface and the underlying system faster, 
and in that way making the user more satisfied and efficient. Colour coding, mode adaptation 
and operation highlighting are ways to create system understanding.  
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This chapter holds a recount of the design process that has led to 
our final concept. Here we will offer a full description ranging from
the early stages of theoretical studies and information gathering to 
the later stages of full implementation, focusing on the concept 
generating phase. In this chapter we let the reader follow our path 
as we formed and created reality out of our initial ideas.  

Design Process

Chapter VI



Design Process 
 

6.1 Information Gathering 
With the theoretical studies as a foundation for the future design work it was decided early on 
to conduct three brainstorming sessions alongside with three interviews. The main reasons 
were to make sure that we had acquired a sufficient theoretical base and that the project goals 
and initial ideas were reasonable. Parallel to these types of information gathering a constant 
exchange of ideas and numerous internal discussions where held resulting in a vast number of 
paper sketches and general design ideas.  

6.1.1 Brainstorm and Interviews 
As a way of validating the theoretical study and to acquire input from people within different 
areas of expertise, three interviews were conducted. The first interviewee was Annika 
Larsson, employee at the university with a background in cognitive science. Interviewee 
number two was our former design teacher and industrial designer Mats Nåbo. Because of his 
background and our previous experiences with mr Nåbo, his input has been highly valued. 
The third and final interviewee was recommended by mr Nåbo because of his background in 
cognitive and computer science. His name is Mattias Arvola. Dr Arvola gave us some 
interesting ideas that inspired us later on in the process. A detailed account of the interviews 
can be found in Appendix A. 
 
The brainstorming sessions were conducted in groups of 3-4 participants excluding ourselves. 
We gave the groups separate assignments to brainstorm on. The first assignment involved 
input devices, the second concerned output devices and informational presentation. The 
sessions were then concluded by combining the first two assignments in to a final, integrated 
concept. As expected the sessions resulted in a number of different ideas, some crazier than 
others, for us to use as inspiration for our future work. Like the interviews, a more detailed 
description of the brainstorming sessions can be found in Appendix B. 

6.1.2 State of the Art Investigation 
At the beginning of the project a minor state of the art investigation was conducted. Market 
models from many of the major actors were inspected in order to get a more comprehensive 
overview of the general driver environment content. Some manufacturers use a 
multifunctional wheel placed at the lower right hand side of the driver to manipulate certain 
functions. BMW started this trend with their I-drive and others have followed using the same 
principle. Another trend observed was to allocate more functions to the area on and around 
the steering wheel and some manufacturers had close to twenty buttons on the steering wheel 
alone. The conclusion drawn from the state of the art investigation gave us further insight 
valuable to the design process.  
 

  
Figure 14. The BMW I-Drive and the Citroen steering wheel. [10] 
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6.1.3 Early Concept Discussions 
Along with the brainstorm sessions and interviews a vast amount of ideas where discussed, 
tested and evaluated throughout the project. With growing understanding and increased 
insight the ideas became more and more specific. During our previous assignment to create an 
interface for a touch screen based centre console, many different ideas on how to improve the 
cockpit environment arose. Although this thesis project focused on the main instruments area 
and the steering wheel we viewed it as a continuation of the previous touch screen 
assignment.  
 
One idea from this prior project was that the main instruments area and especially the steering 
wheel could have a multifunctional button configuration. One of the more important 
conclusions was the fact that with a touch screen based centre console, the user needs visual 
confirmation before performing a task. With a traditional “button based” centre console, this 
is a minor problem, since the user receives tactile feedback by screening the surface. The need 
to look down onto the center console causes distraction and calls for new and innovative 
design solutions.   
 
This distraction factor is something that the car manufacturers are aware of and it is a problem 
regardless of whether or not the centre console is touch screen based. From the state of the art 
investigation performed on today’s cars, it was observed that centre consoles often inhabited a 
vast amount of buttons ranging up to 60 individual buttons. This creates a cluttered area with 
built in problems regarding system transparency. To handle this problem more and more 
functions are duplicated onto the steering wheel, such as media, phone, and cruise control. 
This on the other hand creates a new problem with cluttered steering wheels that in many 
cases, as seen in the state of the art investigation, hold close to twenty different buttons.  
 
As stated above, one part of this thesis work has been to create a new and innovative way of 
manipulating more functions from the main instruments area, using fewer buttons. This led to 
the use of multifunctional buttons and a dynamic display of information. 
 
At an early state the general idea was to create an adaptive and mode based interface. Quite 
early in the design process discussions were held on how make the active functions visible 
and how to create a natural mapping between the buttons and the visual interface. As some of 
the ideas were put onto paper we realized that in order to present all vital information the risk 
of creating an informational overflow was imminent.  

6.1.4 Paper Sketches  
Based on initial ideas and the problem statement we started to produce paper sketches on both 
the all-embracing concept and its individual features. Vast amounts of sketches on different 
solutions such as radio or navigation setups were produced. The ideas covered all embracing 
design issues regarding major placement and shapes too more detailed visions on the 
appearance of certain buttons or graphics. 
 
Once the interviews and brainstorming sessions were carried out, the amount of sketching 
increased. The more input from theory and above mentioned sessions that was acquired, the 
more ideas were produced. With every new person consulted, a new design approach arose. 
 
Sketching on paper was something that continued through the whole process. Even in later 
stages, while implementing more final solutions using computer tools we still had a pen and 
paper at hand to quickly be able to explain or evaluate other options as work progressed.  
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6.2 Concept Generation and Design Ideas 
After conducting the theoretical study, interviews and brainstorming sessions the necessary 
tools were acquired in order to take the next step in the design process. This step meant using 
the computer as a tool for concept realization. This was an iterative process of designing and 
evaluating concepts, which ultimately led to the final concept.     

6.2.1 Design and Evaluation 
For a period of about two weeks we converted our previous sketches and ideas into different 
concepts challenging ourselves to try out different design structures. This was done with an 
image processing software called Photoshop (6.4.1). By projecting the computer sketches 
directly onto the LCD inside the cockpit the different concepts could be evaluated 
immediately. We benefited greatly from producing a large number of concepts. They served 
as a basis for comparisons leading to the final design solution. 
 
In order to counter the lack of a large scale user involvement at this stage of the process as 
many friends, fellow students, professors and contacts as possible were invited to the 
simulator workshop. They were asked to give their opinions about the design in general and 
the different ideas concerning the functionality of the concept. In general everyone with 
experience of driving a car could be a potential source of ideas and input. To get a more valid 
and human factors orientated input the in-house professors, Kjell Ohlsson and Torbjörn Alm 
where invited. In addition Mats Nåbo was also invited to get a more design oriented input. 
These discussions then led to discarding of some ideas and further development of others. 
 
During the project we also had the privilege of presenting our ideas to the distinguished 
professors Peter Hancock from the Central University of Florida and Colin Drury from the 
University at Buffalo, who are both, respected authorities within the Human Factors 
community. Both professors contributed with valuable advice and challenging questions. 

6.2.2 The Final concept 
After creating many various computer design mock-ups the outlines of the final concept 
gradually was formed. A quick evaluation of the different concepts led to a narrowing of the 
general design and focus shifted to more detailed features. An example of this is the design of 
the analogue speedometer. At first, a rough design was used to get a feeling for the entire 
design. When the focus shift occurred, the speedometer was given a more final appearance. 
This method was used for most of the individual features.  
 

  
Figure 15. The evolution of the speedometer. 
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Parallel to the finalization of the design, simple functional models were constructed in order 
to evaluate the intended functionality of the interface. This was done using a programming 
software called Flash 8 (6.4.2). During the first month of this construction phase both 
Photoshop and Flash were used in parallel, building each feature step by step and integrating 
them into the final design. The Flash file was constructed in a way that facilitated images to 
be easily replaced, instantly changing the appearance of the product.  

6.3 Implementation 
The finalization of the general concept design was followed by intense Flash programming 
constructing the functionality of the individual features. Along the way, minor changes in 
their design were made parallel to the programming. Internal input devices generated in Flash 
were used to simulate the future input from the simulator software. This facilitated an easy 
transition once the application for communicating between Flash and ASim, the simulator 
software used in the VR-laboratory, was installed.  

6.3.1 Implementation in ASim 
After some delay, we were finally visited by Henrik Bergström from Pixcode who delivered 
the software FlashForm needed to realize the communication between Flash and ASim. 
Pixcode supports Saab Automobile in Trollhättan in its ASim-based simulator facility. With 
the assistance of ACE and Pixcode the software was installed and an introduction to both 
ASim and FlashForm was given. During the following weeks the Flash interface code was 
modified to receive data from ASim. Parallel to this work a virtual environment scenario was 
built in ASim. In this scenario a simple county side road was used. It contained a number of 
different speed zones and some programmed events demonstrating the features of our 
concept.   

6.3.2 Evaluation 
In order to evaluate the new interface a number of potential users were invited to the VR-
laboratory. After a quick introduction they drove a pre-determined route in the virtual 
environment, testing the features of the interface. Discussions on the different interface 
features as well as the glass cockpit concept were held. Many of the user tests led to minor 
changes in both the appearance and functionality of the interface.  
 
Parallel to the user testing we conducted our own evaluation of the interface based on the 
design recommendations. It was a way for us to make sure that the conclusions from the 
theoretical study had been used appropriately. Detailed recounts of both evaluations are found 
in Chapter 9.       
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6.4 Implementation Tools 
The following tools were used throughout the entire design process from early sketching to 
final implementation. Both Photoshop and Flash have been used to create simple mock-ups 
for quick evaluation as well as detailed graphics and functionality for the final concept.  

6.4.1 Photoshop CS2 
Almost all graphics used in this project have been created from scratch in Adobe Photoshop 
CS2. The main purpose of Photoshop is to process images, add effects, editing, etcetera. 
Nonetheless Photoshop is versatile and suitable for creating graphics and easily adding of 
effects like gradients and drop shadows. There is, however, one disadvantage in using 
Photoshop instead of software like Adobe Illustrator or Corel Draw. The graphics are not 
vector-based, resulting in a need to finalize the exact size of each feature before exporting it to 
a different software. Despite this fact our extensive previous experience using Photoshop 
combined with the fact that we had a predetermined resolution to work with made the choice 
of Photoshop easy. 
 

 
Figure 16. The Photoshop user interface. 

46 



Design Process 
 

6.4.2 Flash 8 
Macromedia Flash 8 is superb for creating interactive, multimedia content. Most applications 
created with this software are used on the web to present videos, audio, interactive graphics 
and much more. The work in Photoshop resulted in a multi-layered image with a transparent 
background. The layers were individually exported from Photoshop and imported into Flash 
using the same layered structure. The important difference is that in Flash, each layer can 
consist of several images that can be animated and controlled via a programming language 
called Action Script 2.0. Action Script is similar to many other programming languages like 
Java and C++ and is the key element in controlling the interface using different input devices.   
 
 
 
 
 
 
 

 
Figure 17. The Flash user interface. 
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6.4.3 ASim 
ASim is the simulation software created by the Linköping based company ACE Simulation 
AB, a spin off company from the Virtual Reality & Simulation Lab at the University of 
Linköping. Originally a flight simulator software, ASim has been modified to be used in the 
development of new ground vehicle applications. In contrast to other simulation software, 
ASim has been designed to be flexible and allowing the user to integrate custom made 
modules. We will try to give a brief introduction to this complex and powerful software 
below.  
 
ASim creates a complete virtual environment using some key elements. The first component 
is called a graphical object. Each graphical object has its absolute position in the virtual 
environment and is assigned a custom made graphic or image like, for example, a tree, 
building or sign. Graphical objects can also be connected to dynamic components in order to, 
for example, create other vehicles or pedestrians. These graphical objects are viewed through 
a series of cameras created by the user. Like the graphical objects, the position of the cameras 
can be either static or dynamic. In order to simulate a vehicle ASim uses a dynamic model 
controlled by either an internal or external control device. The VR-laboratory at the university 
is equipped with an automobile cockpit to give ASim external input values for steering, 
clutch, brakes etc.  
 
The highly customizable virtual environment is then used to create different driving scenarios. 
The purpose and appearances of these scenarios can be many. Earlier projects have used the 
simulator software to evaluate in-vehicle applications, driver behavior or both. Our main goal 
was to introduce and demonstrate our new application and its functionality, in this dynamic 
environment.  
 

 
Figure 18. The ASim user interface. 
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6.4.4 FlashForm 
In order to realize this thesis work an application for communicating between Flash and ASim 
had to be created. As previously mentioned, this was done by Henrik Bergstöm at Pixcode in 
Trollhättan. The application made it possible to listen to the network messages ASim uses to 
relay information about all data linked to the virtual environment. This information could then 
be used by the Flash software to control the graphics e.g. the speedometer, RPM-meter, turn 
signal etc.    
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In this chapter we will present our concept and its design. First we
will give a general introduction of our concept, followed by detailed 
descriptions of the different modes within the interface. Finally the
 different categories that build up the menu system are discussed.

Final Concept
and Design

Chapter VII
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7.1 Overview 
The goal with our design has contrary to today’s trends been to clean up the main instruments 
area, using a slim and de-cluttered design. The main reason for this has been to keep driver 
focus forward without an informational overflow that steals attention. In order to do this we 
have evaluated which information is relevant to be continuously shown and which to be 
shown only on demand. Another important design aspect is the sometimes contradicting goals 
of functional and graphical design. In almost every instance, the graphical design has been 
considered a supplement to enhance the functional design and not the other way around. 
These design related issues have been a topic for discussion among ourselves as well as with 
everyone that has been invited to review our design. The decisions have then been confronted 
with our theoretical frame of reference and are also based on previous educational 
experiences.  
 
As a direct step in using the de-cluttering principle, many of the common gauges found in 
today’s main instruments area have been excluded. Examples of non vital indicators are the 
RPM-meter, fuel level and engine temperature gauges. These are hidden in the default mode, 
but are of course easily accessible on the drivers demand or when prompted by the on-board 
computer. An example of this is the fuel gauge. We have motivated its exclusion with the 
argument that the on-board computer will alert the driver when the fuel is low. If curiosity 
strikes the driver the meter is still easily accessible, at the click of a button. With this solution, 
and others using the same principle, we reduce the amount of information constantly shown. 
As a result the main instruments area is de-cluttered and the advantages of using a LCD-
display are utilized.   
 
A static main instruments area has limitations regarding informational display. This means 
that the number of individual buttons and gauges increase as the car manufactures allocate 
more and more functions to the steering wheel area. Some manufacturers try to include all 
types of functions such as media, navigation, phone, cruise control etc. whilst others choose to 
prioritize certain categories. Regardless, the result is an often cluttered driving environment 
with too many buttons and levers on and around the steering wheel. In order to counteract this 
trend the principle of de-cluttering was applied to reduce the number of buttons on the 
steering wheel. At the same time the number of different functions to manipulate has been 
increased to further utilize the advantages of using a screen-based interface. The key element 
in achieving this was to use a set of multifunctional buttons (input devices) mapped to the 
graphical interface.  
 
These multi-buttons control different functions divided into several categories like media, 
climate, phone etc. The categories themselves build up a menu system controlled from the left 
side of the steering wheel. The menu system is intended to hold the most frequently used 
functions normally controlled from the center console.  
 
Incorporated in the interface is also a speed limit regulating system that uses the GPS to help 
the driver maintain the advised legal speed. This is perhaps one of the most interesting 
features incorporated in the concept interface. 

52 



Final Concept and Design 
 

 
 
 
 
 

 
Figure 19. The general appearance of the interface. 
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7.1.1 Menu System 
In order to achieve the goal of reducing the number of buttons on the steering wheel we 
focused on using a blank four way navigational multi-button on the right side of the steering 
wheel. Depending on which menu category is activated the multi-button is assigned different 
functions. The functions are divided into several categories such as media, climate, phone etc. 
The different categories themselves build up a menu system controlled by a two way button, 
up and down, on the left side of the steering wheel. Centered in the right hand button is a 
single info-button designated for fading category related information in and out.  
 

  
Figure 20. Steering wheel (left) and the multifunctional buttons (right). 

 
The menu system is graphically presented on the main instruments LCD. Its category symbols 
are located at the bottom of the circle created by the analogue speedometer. The active 
category symbol is centered in larger, highlighted, area and is flanked by two additional 
symbols on each side, giving the user a notion of where in the menu he or she is positioned. 
The category symbols will also be visible in the head-up display to enhance traffic safety.  
 
Because the number of functions available through the four way navigational buttons is 
limited it is our belief that the user will quickly memorize the functionality of the most 
frequently used categories. This will in effect mean that a quick glimpse at the category 
symbols on either the main instruments display or the head-up display will be sufficient in 
order to use the multifunctional button. If needed, a quick push of the info-button will give the 
user a clear image showing the functionality of the button directly mapped to its physical 
appearance on the steering wheel along with other category related information. Examples of 
category related information would be the current radio station or inside temperature. An 
important point to clarify is that every category within the menu system only holds the most 
commonly used functions. Detailed manipulation is still intended to be performed by using 
the centre console touch screen. 
 
In order to achieve a distinct confirmation, all the steering wheel buttons have triple feedback. 
Aside from the obvious tactile feedback there is also an auditory and visual feedback linked to 
each button. The need for enhanced auditory feedback is however a matter of personal 
preference. Therefore, it is something that could very well be optional, much like the key 
sound toggle function on a mobile phone.  
 
The design of the menu selection system has been subject to intense discussions and revisions, 
mostly because there are a number of different input devices (buttons) to be considered. There 
is also the issue of which functions to include. It is important to point out that our proposed 
solution most certainly is not the optimal solution. With lacking funding and time as the two 
major limitations we had to choose a design without having the possibility to implement and 
evaluate different solutions. The major goal has been to introduce a system that could control 
more functions from the steering wheel area then in today’s premium cars, but at the same 
time minimize the number of buttons. 
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Figure 21. Menu system graphics. 
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7.1.2 Speed Limit Information System 
Embedded in today’s GPS there is information regarding speed limitations along with other 
traffic related data. Using this information the current speed limit is dynamically integrated 
into the speedometer. The system indicates the present speed limit to the driver by different 
fields coloured in red and green.  
 
The red and green indicators vary depending on the current speed limit. To further indicate to 
the driver when the current speed limit is exceeded a digital speedometer fades in and turns 
red (Figure 21). This is distinct enough to make the driver aware that he or she is speeding, 
but at the same time subtle in order not to disturb when the speed limit is exceeded on 
purpose, for example, when taking over another car.  
 

  
Figure 22. The speed limit information system (left) and its visual warning (right). 

 
Research has shown that a speed limit information system can reduce the number of casualties 
in traffic. A recent study conducted at Linköping University show that 90% of the test 
subjects did in fact decrease their speed when driving with such a system. This test was 
carried out with different speed limits ranging from 30 km/h to 90 km/h. The best test results 
were found on 70 km/h regulated roads, where the system decreased the actual speed with 5 
km/h compared to driving without the warning system. To put this into real numbers in 
Swedish traffic, a 5 km/h speed reduction would mean that about 125 of 440, (Vägverket, 
2005) accidents with fatal outcome could be avoided. (Hallberg, 2007)    
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Figure 23. Speed regulating system indicating exeeded speed limit. 
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7.1.3 Information Handling, Warnings and Attention Messages 
To regulate and highlight different types of information colour and opacity has been used to 
overlay secondary information when not active. An example of this is how the menu system 
fades in at the same time as the analogue speedometer fades out. This shift in focus is 
something that contributes to the de-cluttering of the interface. Thus aiming to create a natural 
focus point that directly guides the user towards which information is relevant.  
 
Since the screen-based display surface is dynamic and updatable a more distinct warning 
system has been created. Aside from the usual warning indicators and sounds most of the 
warning and attention messages are followed with an explanatory text or request directed to 
the driver. An example of this is the warning regarding low fuel. When prompted this warning 
is followed by the question: “Would you like to be guided to the closest gas station?” If 
accepted, this is intended to activate the in-car navigational system to redirect the driver. This 
off course is only on an experimental and conceptual level and could certainly be visualized in 
many different ways. In addition to being displayed on the screen, every warning is 
accompanied by a sound effect that further attracts the attention of the driver. 
 
In our initial concept ideas the intention was to have two additional buttons aside from the 
ones described above used to manipulate the menu system, but technical limitations along 
with limited funding forced us to set that idea aside. Circumstances made it possible to only 
incorporate one additional button. The currently incorporated button offers quick access to a 
special car mode. One click on this button displays information about fuel level and engine 
temperature. Additional information associated to the car mode like, for example, a trip meter 
could very well be added if found relevant.  
 
The non existing button was intended to handle a store and recall capacity within the warning 
and attention messaging system. In its original outline the warning system was intended to 
hold some kind of snooze function that could be activated in stressful situations. An example 
of this would be driving in an unfamiliar city environment and being prompted about 
windscreen washer fluid. This attention message is not critical at that particular moment and 
should then be snoozed by the driver in order to deal with that particular issue later on. 
 

 
Figure 24. The fuel/engine temperature gauge. 
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Figure 25. Low fuel warning promting navigational support. 
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7.2 The Different Modes 
One unique feature with this interface is the possibility to change its appearance based on 
desired graphics and content. With the screen-based design it is possible to store a vast 
amount of changeable and updatable graphical interfaces. In this concept we have integrated 
four different modes, but this number could easily be increased if desired. The modes are 
intended to offer the driver a more personalized interface based on preference, while still 
keeping  the key features described above (menu system, speed regulation etc.). One example 
of an added feature is the RPM-meter found in the sport mode. However, regardless of mode 
the functionality of the system remains intact. There are certain elements and aspects in our 
modes that are more or less visible in today’s market cars. The modes that we have created 
are called default, sport, economy and night. They all have various appearances, but originate 
from the same design, sharing the graphical outline. 
 
The different modes are all intended to function as start-up modes chosen by the user 
depending on personal preference. Aside from their slight differences in content and graphical 
appearance they share the same basic functionality. All four modes are intended to be intuitive 
and graphically appealing. 
 
At the same time as being revolutionary in introducing a whole new screen-based display 
concept, the user still has to have a feel of recognition inside the cockpit. On one hand, the 
analogue speedometer is therefore central in the proposed design, serving as an outer rim for 
encasing other system related information. This on the other hand raises a new and difficult 
question, namely what needs to be continuously visible and what not. As stated above (7.1), 
the end result has been radically changed from what is standard today into basically showing 
only the analog speedometer and some other related key information. The interface has been 
stripped from constantly displaying other non-vital information. 
 
All modes share the basic key information. Inside the outer rim, the speedometer and its speed 
regulating system (7.1.2) are found. The menu system (7.1.1) and its five visible category 
symbols complete the bottom part of the circle. Centrally placed, a circular area contains 
navigational information, category or mode related content based or simply empty, depending 
on situation or user preference.  
 
Another previously mentioned feature is the possibility to customize minor details in the 
default mode to better suite each individual user. These features are not implemented to a full 
extent, and needs to be further evaluated. The intention with these built in minor changes is to 
demonstrate the flexibility of a screen-based interface. Examples of possible customizations 
are toggling between even or odd speed indication, display digital speed at all times or 
toggling auditory warnings on and off. More thorough changes could be to manipulate the 
different categories, both in which category to show and what information they hold. Another 
idea is letting the user customize the content of any of the four modes, e.g. RPM-meter, turbo 
gauge etc. It is, however, important not to let the intended functionality of the system become 
impaired due to personalization. 
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7.2.1 Default Mode 
As indicated by its name, the default mode serve as the foundation for our design and contains 
only the most vital features of the system. It has a highly de-cluttered design with main focus 
on the current speed of the vehicle. The speed regulating system provides a subtle, but clear 
indication of the current legal speed limit and indicates visually to the driver when the legal 
speed is exceeded.  
 
The menu system categories, time and outside temperature can be found in the lower half of 
the circle. The smaller, centered circle contains simple navigational support, when the 
navigational system is active. When inactive, it holds a simple image of the multifunctional 
button. 
 
 

 
Figure 26. Default mode. 
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7.2.2 Night Mode 
The night mode is one of the different appearances that are optional under the mode (7.3.7) 
category. It contains even less information than the default mode, only showing what is 
absolutely crucial in order to navigate the car during night time. The colours are also changed 
into green and yellow. These colours are observed as common in night modes of today’s 
automobiles.  
 
In a more full scale concept, activating the night mode could trigger the HUD to elicit an IR-
detection warning system highlighting dangers such as animals or other cars. It would also 
dim other instruments to further contribute to a good night vision. 
 
 
 

 
Figure 27. Night mode. 
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7.2.3 Economy Mode 
In the economy mode the design strives to assist the driver in reducing fuel consumption and 
act more eco-friendly.  This mode has an average fuel consumption meter in a central position 
and to further increase the awareness an “eco-indicator” has been implemented. This indicator 
changes from an OK green light to a yellow warning, when the driver is accelerating in a non-
optimal way. 
 
Further implementation of an economy mode could trigger the engine to lower its effect or 
maybe propel the car to a greater extent on its hybrid battery drive. 
 
 
 
 

 
Figure 28. Economy mode. 

63 



Final Concept and Design 
 

7.2.4 Sport Mode 
Quite opposite to the economy mode the sport mode is all about gas fumes and speed. Here 
the driver is presented a mode that has a twin RPM-meter as well as a turbo pressure and 
engine temp gauge. This mode is intended to give the driver a feeling of speed, horsepower 
and acceleration. 
 
With a full concept implementation this feature could also unlock more horse power as well 
as just adjusting the suspension to increase the sport feeling of the whole car.  
 
 
 
 
 

 
Figure 29. Sport mode. 
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7.3 Categories 
Within the menu system there are seven categories. Given the flexibility of the concept 
solution this number could easily be increased or decreased. An increase might, however, 
cause the transparency and accessibility of the system to decrease. Similar to what is found in 
today’s cars our interface holds categories like media, phone and source selection. On top of 
that we have included some extra features such as climate control, navigation and a mode 
selector.  
 
In order to minimize the output of potentially distracting information in the main instruments 
area only the simplest of graphical data has been used. For example the radio category only 
has limited graphics showing an animated volume bar and current radio station. An initial idea 
was to also display the station indicator with animated graphics. Although this might be 
appealing it could be a potential distraction. As stated earlier we have in these cases focused 
on function rather then design. 
 
To further increase the usability the design has been kept similar within the different 
categories. The same setup containing a display field for text in the upper area and a graded 
graphical meter in the lower area has been used. In some categories this design has not been 
possible, where other solutions are presented, with the intention of keeping the original design 
outlines.  
 
Despite the exact appearance of the category graphics the overall design has been kept 
unanimous, using the same colours, type face and general structure. This has been applied 
throughout the whole concept. In addition, this design is also quite compatible and unanimous 
with the previous project creating the touch screen centre console. This is especially 
beneficial when demonstrating the two projects parallel to further manifest their full potential 
as part of the glass cockpit solution (1.1.2). 
 
Another property of the menu system is that in its default position the media category is 
selected. The main reason for this is that we feel, based on the state of the art investigation, 
that volume and song selection is by far the most frequently used function. Volume is also a 
feature that often requires instant access. Theory also supports that the human mind is quite 
adaptive to learning new patterns. With this in mind the user will quite quickly learn to 
navigate to, for example, the phone category by stepping two categories to the right instead of 
having to remember its unique position from every different starting point.  
 
Another argument is that the most frequently used categories should be easily accessible 
(4.3.3). The categories are therefore arranged in such a manner, with media as the default 
category. 
 
It is important to keep in mind that all functions available on the steering wheel are also 
available in the centre console. The main objective is to duplicate the most frequently used 
functions onto the steering wheel. Less frequently used functions like fan direction and media 
equalizer will, however, still be manipulated from the centre console. 
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7.3.1 Media 
Like almost every car on the market today media functions like volume and song selection are 
controlled from the steering wheel. In addition the media category also includes graphical 
support for its radio, CD and mp3 functions. These are individually toggled under the source 
category (7.3.2). Once selected, the radio category will hold information regarding volume 
and selected station. Similar presentation applies for the CD and mp3 categories where the 
selected station is replaced with the current track. The volume is manipulated with the up and 
down multifunctional buttons. The left and right buttons serves as a station or track selector 
depending on the active source. 
 
As mentioned above (7.3) the radio does not contain any graphical support regarding station 
selection beside the obvious station name and the two green fields indicating the quality of the 
reception.  

 
Figure 30. Media category. 

66 



Final Concept and Design 
 

7.3.2 Source 
In this category the driver can toggle what media source should be active. In this concept we 
have chosen to include radio, CD and mp3 as the possible choices. Additional sources could 
easily be integrated when new audio formats are introduced.   
 
The source category has the same graphical layout as the media category. The only difference 
is the functionality of the left and right button that here toggles the source type.  
 
 
 
 
 
 

 
Figure 31. Source category. 
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7.3.3 Climate 
The climate category is one of the categories that were less frequent in the state of the art 
investigation. The reason for this is probably that the frequency of manipulation is fairly low 
and that other sets of functions are prioritized. However, a screen based solution opens for the 
possibility to quickly manipulate these types of functions as well.  
 
Within the entire climate category there are a number of functions to be handled. Based on a 
survey conducted in our touch screen project (Spendel et al., 2006) coupe temperature and fan 
speed were chosen to be manipulated in this application. The temperature is indicated both by 
the exact number and colour indications. The fan speed is indicated with a graphical meter 
and is located in the same place as the media volume bar.  
 
 

 
Figure 32. Climate category. 
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7.3.4 Navigation 
As in the case of the climate category, manipulating the navigational system from the steering 
wheel is quite rare. Our intention is to keep this category simple and in essence offer the user 
an opportunity to consult a detailed map in the main instrument area instead of in the centre 
console. The map is toggled on and off using the up and down navigational buttons. When the 
map is toggled of it is replaced by a simple compass.  
 
The left and right navigational buttons controls the map zoom +/-. The user will also have the 
possibility to activate a speed dependant auto zoom. This option has, however, not been 
implemented in the final concept due to time limitations.    
 
 
 

 
Figure 33. Navigation mode. 
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7.3.5 Phone 
The phone category is regarded as a less frequently used category. Not many phone calls 
aught to be conducted while driving due to the distraction factor. The functionality is 
therefore limited to a list of names to navigate and a dial. 
 
The graphical design is somewhat different in this category compared to the others, mainly 
due to the fact that a list contains many entities and navigating through a list demands 
visibility of what is in front and what is behind the currently selected name. This requires 
space that the default design does not offer. The initial letter of every entry is found in the 
graphical area around the menu button and offers a quick view that gives a graphical 
comprehension of what initial letters lay ahead in the list.  
 
 

 
Figure 34. Phone mode. 
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7.3.6 Mode 
This category is used to manipulate one of the most interesting features of the interface. Based 
on the knowledge that every user is different and has different preferences, there are four 
modes to choose from. They differ in content and appearance and are intended to give the user 
a more personalized interface depending on inclination.  
 
Each mode has its own logotype describing its appearance and functionality (7.2). They are 
scrolled through using the left and right multifunctional buttons. A click of the up, set, button 
activates the desired mode and fades out the category information.   
 
 
 
 

 
Figure 35. Mode category. 
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Presented in this chapter are the two minor interface evaluations. 
Starting with a user evaluation we describe how it was carried 
out and in short describe what it led to in terms of response. 
Following this, there is also an evaluation based upon the design 
recommendations in Chapter 5 to evaluate how our proposed 
design fits these guidelines.

Evaluation
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8.1 User Testing 
As part of evaluating our final concept we introduced it to a number of people in the VR-
laboratory. After creating a test scenario in the simulator environment we let several test 
subjects drive the car with our concept interface integrated in the cockpit environment. 
 
The evaluation was carried out as a semi-structured interview (4.2.1). There where some basic 
questions that gave the outlines for the test with the intention to initiate a more adaptive 
discussion. During each evaluation we detected small flaws and bugs in our system and 
design and tried to correct these before every new test session was carried out. This proved a 
successful way of optimizing the interface. 
 
The test itself was quite self explanatory, we let the test subject drive the car using our 
interface on a set path, where different events where triggered in order to se how the test 
subjects reacted. This path was set in order to demonstrate the new features that the screen-
based design offers. During and after the test was conducted we questioned the test subject on 
many different areas ranging form detailed design questions regarding individual button 
configurations to more comprehensive and elusive matters like subjective reactions 
concerning emotional appeal. 
 
The user tests and the discussions led to some minor changes in the design and layout of the 
concept. Since the test subjects where a non-homogenous group the evaluation results differed 
a lot. Different age, background and varying previous experience made it hard for us to draw 
any direct and obvious conclusions. Another critical factor was time that has limited the size 
of this user test evaluation. A rough estimation would indicate that around 30 individuals have 
helped us evaluate the final concept. 
 
Although the evaluation in itself was of a minor scale and was carried out in a semi-structured 
way it still provided many useful results. First and foremost we could observe users who were 
not familiar to the system and see how they acted and solved different tasks that they were 
asked to perform. Examples of such a task could be to change the mode of the interface from 
default to night or to increase the volume of the radio.  
 
The following list summarizes the conclusions drawn from the evaluation. It is based on our 
observations of the users as well as the different discussions that we had during the evaluation 
sessions. The results showed that; 
 

• Accurate and precise symbols are important. Using only symbols to indicate 
functionality is difficult, unless the symbols are precise and correct. One way of 
increasing comprehension is to add a word or a short text to the symbols. (4.4.6) 

• Simulator-based design is a very helpful tool. When evaluating or demonstrating 
design concepts or interface functionality at a fairly early state this tool is powerful 
and effective. (1.1.3) 

• Glass cockpits in automobiles is the future. The vast amount of information that is 
possible to present in a clear and understandable way using mode based display 
interfaces has a enormous potential. This is believed to be reality in a near future. The 
static car instruments of today are perceived as old and outdated when compared to the 
possibilities of this new technology. 
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• The de-cluttering principle increases safety. With the increasing number of functions 
that are presented in the cockpits today the transparency and clarity of information 
presentation becomes more and more important. (4.3.4) 

• A speed limit information system is effective. The test subjects felt that this system 
with its subtitle warnings had positive results on their ability to maintain the advised 
speed. (7.1.2) 

• Function manipulation has to be intuitive. Natural mapping and intuitive manipulation 
is important to ensure good functionality and usability. (4.4)  

8.2 Evaluation Using the Design Recommendations 
In order to obtain a more all embracing evaluation of the interface, an evaluation was 
performed based upon previously produced design recommendations (5). Using the same 
headers as in chapter 5, we hope to offer a theoretically based analysis of the final concept to 
see how well we had applied our own guidelines.  
 
Flow of Information: In our interface we have tried to keep the level of information low at 
all times by showing non vital information only on demand and by doing so creating a mode 
based interface. In order to further incorporate these principles we used the proposed methods 
of de-cluttering and highlighting. In order to create natural grouping the proximity 
compatibility principle was consulted. An example of this is the menu system and its related 
graphics that are naturally linked together in a near proximity. By prompting and alerting the 
driver when a warning message is displayed we hope to avoid undesired frustration and 
automation surprises (4.3.3).  
 
Adaptive Function Allocation: Incorporating adaptive function allocation in an automotive 
environment proved hard. Cruise control, for example, is already invented, and other steering 
and driving aids like the auto-pilot in aircrafts are almost impossible to apply to a car. We 
have on the other hand tried to help the driver as much as possible to maintain a safer speed 
by introducing a speed limit information system. (4.3.4) 
 
Since our concept solution in a way strives to cover the most basic driving situations, the 
more automated features have generally been left to discussion rather then implementation. 
One example could be the fact that a screen-based information area is very suitable to show 
the view of a rear mounted camera. This could very well be automatically triggered to display 
as the gear is put in reverse. Limitation like the easy fact that there is no reverse gear at all in 
the simulator environment makes this unsuitable for demonstration. 
 
Input Devices: This topic was debated many times in the user tests. Our input devices in the 
form of steering wheel buttons are not perfect and this is something that we are aware of. 
Monetary and knowledge-based limitations forced us to settle for a non optimal solution. 
Another key feature that is mentioned in theory regarding input devices is to minimize the 
number of buttons and to keep the user in the loop regarding which functions are activated. 
On this note we believe that we have been more successful. The multifunctional button 
configuration reduces the number of needed buttons immensely. Our design strives to 
facilitate the use of multifunctional buttons by direct graphical representation in order to 
create a natural mapping. (4.4) 
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Human Information Processing: Theories regarding human information processing strive to 
obtain a better understanding of perception, cognition and other related science. As a direct 
step in the process of limiting the amount of information, the theories of informational flow 
described above and human information processing work together. In order to further reduce 
the amount of critical information in high stress situations some of the most frequent 
functions are allocated to the main instruments area instead of being found in the centre 
console or other peripheral areas. (4.3.2) 
 
Interaction Elements: To ensure usability (4.4.1) the different interaction elements (4.4.7) 
and their individual strengths have to be exploited. In order to achieve this, we have used the 
guidelines available to assure the creation of a usable and appealing interface that combines 
function and design. Limiting the amount of colours, using high contrast, ensuring 
consistency as well as using natural recognition has influenced the final concept design. The 
symbols are unfortunately not optimal and this issue will be discussed further in the following 
chapters. 
 
Usability: In order to create a usable interface, there are many criteria lists and we have not 
consulted any specific one. Keeping to the general directions of the ISO standard and having 
the various criteria lists in mind throughout the whole process has definitely influenced the 
design. Hopefully our design will lead to emotional appeal and that our measures in terms of 
effectiveness and efficiency will also lead to good usability. (4.4.1) 
 
User Interpretation: To establish a good user interpretation we have tried to keep 
consistency in function and layout. By consulting the gestalt laws (4.4.5) as well as different 
design principles, we have tried to facilitate the use of our interface. The texts and functions 
are intended to be easy to understand and the amount of animated graphics has been limited. It 
is important to bear in mind that the system is completely new. The learning curve (4.4.1) is 
therefore somewhat steeper than with a traditional car interface, something that might confuse 
the user in understanding the system at first glance. 
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the thesis work as well as our final concept. The chapter has been 
divided into two main parts. The first part discusses the different 
method components used throughout the process and the second 
focuses on the interface concept itself.
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9.1 Method Components 
The following first part of this chapter contains a method related discussion. The passage 
itself has been divided into four headers of which the first three follow the structure of the 
general project method (3) and the last one discusses more general method related topics.   

9.1.1 Information Gathering 
The process of information gathering is something that we despite our four year education 
feel somewhat unfamiliar with. Most of the courses taken during this time have been very 
theoretical and seldom project-based. This has of course affected the result of the information 
gathering. This theoretical study is by far the largest one we have ever conducted and our 
experience tells us that the result is almost always better the second time around. The same 
certainly goes for the interviews and brainstorming sessions. The structuring of both was most 
certainly not optimal due to very little previous practical experience. However, we still feel 
that we managed to conduct all three components of the informational gathering successfully.  

9.1.2 Concept Generating 
In earlier projects we had a tendency to settle for a final solution too quickly. This time 
around when it came to concept generating, we tried very hard not to do this and instead 
challenge ourselves to try new concepts and ideas. Even ideas that we might have been 
initially skeptical to were tested. The reason why we did this was that even if an idea might 
have appeared far out it could not be evaluated without first realizing it, if only as a computer 
sketch. Having said this, the only critical opinion we have regarding the concept generating 
process is that we did not produce even more concepts. This is of course a delicate balance 
between time and recourses versus artistic and personal ambitions.    

9.1.3 Implementation 
The implementation phase of this project was probably the most difficult one and was subject 
to many intense discussions. The main issue was which parts of our concept to implement and 
integrate into the simulator environment. Limited programming skills combined with the use 
of previously unfamiliar software was one factor that has affected the end result. Another 
factor was that many of our ideas were not possible to realize and has therefore only been 
discussed as future development. We had to choose the most important parts to the overall 
introduction of our concept and focus on implementing them in order to demonstrate their 
functionality.  

9.1.4 General Method Discussion 
The following headlines contain general thoughts regarding the entire process. Many of them 
touch several of the previous three issues and are hard to separate. We have therefore chosen 
to gather them under this heading.  
 
User Involvement 
When conducting the theoretical study, the literature often recommended involving the user at 
an early stage of the process. This is something we found difficult for several reasons. One 
reason is that the literature on interface design often focused on personal computer and web 
based interfaces. We did not find any literature on designing with a more revolutionary 
approach. We felt that involving the often conservative user at an early stage would only lead 
to the discarding of solutions challenging today’s familiar, traditional in-car design. An 
example of this is our choice to not display the fuel gauge or the RPM-meter. Most users 
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would probably take the conservative route and demand that these indicators should be 
presented all the time. Our approach is to challenge these views and to demonstrate that with a 
properly designed system they are abundant.  
 
With this said we absolutely appreciate the need to involve the potential user in the process 
and did so in every way we found suitable. During the entire process we invited as many 
people as possible to discuss the ongoing work. These discussions often led to changes in the 
design. We definitely see a need to conduct a thorough human-in-the-loop evaluation of the 
concept and let such an evaluation guide further system development.  
 
The above mentioned evaluation is unfortunately something that did not fit inside the 
timeframe of this project. We only had time to conduct a smaller evaluation resulting in 
general thoughts regarding the concept and the use of screen-based solutions in general. 
 
The Iterative Design Loop 
Almost all of the suggested methods and models for developing new applications recommend 
using an iterative process, constantly evaluating and redesigning, striving for an optimal 
solution. Our personal view of this project is that it is a cycle in a larger loop. Our final 
concept is to be seen as step in applying the glass cockpit concept in an automobile cockpit. 
The evaluation process would then serve as a basis for entering a new loop improving the 
interface.  
 
In a smaller scaled version the design and concept generating phase of this thesis work could 
be seen as an iterative process. In that case we have most certainly applied the design loop 
process, constantly evaluating and redesigning different concepts. The decisions on what to 
dismiss and what to incorporate into the next iteration have been based on theory and input 
from user tests as well as our own knowledge.  
 
Necessary Compromises  
The lack of an external partner in this project has had its disadvantages as well as its 
advantages. One of the biggest drawbacks has been the limited financial recourses. This has in 
some cases forced us to compromise with our own ambitions. An example of this is the 
steering wheel buttons. The initial idea was to use a scroll wheel to navigate the menu 
categories, but our limited knowledge in that area and the fact that we had no means of 
outsourcing the issue forced us to settle for a non optimal solution. However, as pointed out 
several times in this thesis, our main goal has been to introduce a general concept and not to 
optimize it’s every individual feature. That kind of optimization requires a lot more time and 
recourses.    
 
Simulator-Based Design 
One important aspect of this project was the use of SBD as a tool for developing and 
evaluating new in-vehicle applications. After working with SBD for six months, its strengths 
and advantages have become even more apparent. We strongly encourage the automotive 
industry and other industries to consider the use of SBD as a development tool.  
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9.2 Final Concept 
After discussing the more theoretical parts of the process we now turn to the actual result and 
its features. This passage contains both general thoughts regarding the concept as a whole and 
its individual features. 
 
The Cruise Control Category 
From the beginning and all the way through to the final stages of the project, the cruise 
control category was a part of the final concept. However, implementing a fully functional 
CCR in ASim required additional knowledge in the communication between ASim and 
FlashForm. The time and effort needed in order to overcome this obstacle was not motivated 
relative to the small impact it would have on the final concept. In light of this, we decided to 
exclude the CCR-category from this thesis report and only implement a simple graphical 
appearance in the final version of the interface.  
 
Centre Console - Touch Screen 
We designed the interface under the presumption that the centre consol will be touch screen 
based. Based on our previous experience in working with the touch screen interface we are 
aware of some of its limitations, e.g. its lack of tactile feedback. In order to overcome this and 
other disadvantages we have tried to allocate the most frequently used functions to the 
steering wheel. Together with the head-up display these functions are now performed “more 
head-up” increasing driver safety. 
 
Consequent Design vs. Functionality  
One of the biggest challenges of this project has been achieving an appealing design without 
compromising the functionality of the interface. The goal has always been to let the 
functionality take the upper hand but in some cases we have had to compromise the optimal 
functionality in order to achieve an appealing and consequent design. An example of this is 
the area containing the volume bar, fan strength indicator etc. In some cases this area indicates 
manipulation with the up and down navigational buttons and in other cases manipulation 
using the left and right buttons.   
 
System flexibility 
In designing our concept interface we have tried to make it as flexible as possible. As 
mentioned earlier in this report one of the project goals has been to introduce a new way of 
displaying information in the automobile driver environment. Although the functionality of 
every feature has been subject to intense scrutiny we are aware of the fact that it would 
require further effort before introducing a similar concept in the next line of market cars.  
 
We sincerely hope that our concept will serve as a foundation and inspiration for the 
automobile industry in transitioning into screen-based solutions.   
 
User Profiles 
The idea of user profiles is something that came up in the earlier touch screen project and is 
something that we see great potential in applying to our interface. Utilizing the flexibility of 
the screen-based interface and letting the user customize the interface to a certain degree is 
something that we feel would be greatly appreciated. Examples of personalization could be 
adding or subtracting menu categories or changing the functions associated to each category. 
It could also be used to give any given manufacturer a marketing advantage offering their 
customers something unique.  
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Advantages of Screen-Based Solutions 
During the process of designing an interface replacing static representations, one of the 
biggest revelations has been the customizability and the possibility to quickly modify the 
content of the interface for various reasons. One powerful feature is the option for the user to 
control the appearance of the interface to a certain extent. Examples already mentioned could 
be changing the speed indicator from odd to even numbers or toggling the digital speedometer 
on/off depending on personal preference.  
 
Another advantage is the possibilities of updating the entire interface software making the 
development process never ending. In the spirit of personalization, car manufacturers could 
offer a range of interfaces with the same functionality but with different design. We believe 
these factors are something that a whole new line of car models could be marketed upon. 
 
User Tolerance 
When introducing a concept like ours it will be received differently depending on the age, 
gender and previous experience of the user. As often the case when introducing systems using 
new, and to some unfamiliar, technology, some users will feel uncertain and skeptical. This is 
something we are aware of and we reckon that a minor introduction is required before using 
the system. We have also purposely designed the system for a younger more technology 
friendly target group.  
 
Learning curve 
One important issue that may contradict some of our previous statements about increasing 
safety is the fact that the introduction of our concept requires the user to get familiarized with 
the novelties of the system. Our goal has always been to make the system as transparent as 
possible. However introducing new technology and making it instantly intuitive is something 
that we feel is impossible. So even if the short term effect is slightly decreased safety the long 
term effect will be positive.  
 
However, we acknowledge that the issue of an initially increased level of distraction and 
system understanding must be dealt with in one way or another. Based on our experience of 
introducing our concept to new users, a short introduction clearly speeds up the learning 
curve. A similar introduction could be given at the car dealership or be integrated as a video 
tutorial in the touch screen centre console.  
 
Clarity and Symbols 
One important issue that we have struggled with is the clarity of the category symbols. 
Finding appropriate symbols for some of the categories has proven very difficult. Due to time 
limitations have had to compromise and settle for some symbols that we were not fully 
satisfied with. This compromise has been made under the premise that a market adaptation of 
our concept would offer both more time and recourses to develop better symbols. 
 
Cell Phone Usage 
The issue of using the cell phone while driving is controversial and some countries have 
already established laws making it illegal. In our case, we feel that if the cell phone is to be 
used we would like to contribute to it being used in safer way. Instead of using the actual 
phone itself, distracting the driver, we advocate the use of modern blue tooth technology to 
control the basic functions of the cell phone, thus making it safer to use while driving. 
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The final chapter of this thesis contains the conclusions drawn 
from working with this project. The conclusions are to be seen as 
guidelines for further implementation and development of the 
automobile glass cockpit concept.
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10.1   General conclusions 
The fundamental question asked at the beginning of this project was if the glass cockpit 
concept is suitable for the automobile driver environment. Based on our experience working 
with two similar projects, the answer to that question is definitely yes. Even if in recent years 
some manufacturers have begun introducing similar technology the automotive industry is 
still conservative. The applications available on today’s market are often individual 
components like for example the Lexus touch screen centre console or the BMW head-up 
display. In order to achieve a glass cockpit revolution an interaction between several of the 
components must be implemented.  
 
Below are some key issues that we believe are necessary for the automotive industry to 
consider in order to achieve a successful transition in to a glass cockpit environment. 
 
Mode-based Concepts  
Let the appearance of the interface differ based on the situation and/or the driver’s choice. 
Examples of this could be limiting the number of functions available when driving in the city 
where avoiding distractions is even more imminent then during high way driving. Suppress 
minor warnings, incoming phone calls etcetera when the driver is occupied in a high stress 
situation.  
 
Interface Customization 
Use the dynamic properties of the displays and let the user customize the interface. A more 
personalized user interface will increase user satisfaction and ultimately increase safety. This 
is however based on limiting the number of available options and make sure that they are 
relevant. Examples of possible changes are digital speedometer on/off, RPM-meter on/off, 
changes in informational content etc.  
 
De-Cluttering Principle 
Strive towards a de-cluttered design for all input and output recources. Today’s driver 
environment offers a large number of distracting elements that could be hidden and 
dynamically presented at the appropriate time. Challenge the sometimes conservative user and 
remove RPM and fuel level displays and instead offer easy access to this information when 
needed and instill a trust in the system with clear and well balanced warning systems. 
 
Simulator-Based Design 
SBD is a very powerful tool to be used in the development of new in-vehicle systems. The 
simulator environment can be used in the design of both appearance and functionality at all 
stages of the development and gives the designer instant feedback making the evaluation of 
different concepts quick and easy.  
 
Simulator Integration 
After fully implementing the glass cockpit concept in the automobile, the simulator 
development environment will become even more important. Much can be gained if the 
transition between concept and product can be simplified, for example, by using similar 
programming languages. We also see a need for easy, intuitive software used in the 
development of new concepts. It is very important not having to be a programming expert in 
order to utilize the simulator environment.  
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10.2   Future Development 
Aside from the previous general conclusions drawn from this project we strongly believe in 
our final concept and that it could be realized and implemented in a not too distant future. 
There is however still some matters to be addressed and below are some of the key issues. 
 

• Focusing on the interaction between the different glass cockpit components and which 
information should be displayed where proved difficult in this particular project. 
Attention was constantly diverted towards main instrument specific issues and 
although we always had the interaction between components in mind, more thorough 
studies are needed.   

• As mentioned in the discussion chapter there is an apparent need for better, more 
unanimous symbols. Finding and applying symbols to some of the categories proved 
very difficult and some of them probably have to be re-built from scratch. The process 
of introducing new symbols requires time and expertise unavailable to us.  

• The content and functionality of the menu system and its categories needs to be 
evaluated further and modified. The configuration and appearance of the steering 
wheel buttons is something that also needs further development. 

• In order to fully implement a glass cockpit concept, the design and functionality of all 
three components would have to converge into one cohesive unit. Since the HUD only 
displays a very limited amount of information, the focus for the design work will be 
the interaction between the centre console and the main instruments display.   

• The concept of user profiles is something we believe strongly in and this is something 
that has to be developed and further evaluated. User profiles involve changes in both 
appearance and content of all three displays including personal play lists, climate and 
seat settings, phone list etc. 
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Appendix A - Interviews 
As a part of the information gathering phase we decided to perform a number of interviews. 
Due to time limitations, recourses and preference we decided not to involve a large number of 
potential users at this stage of the project. One additional reason was that we had access to 
results from a number of related surveys conducted in our previous project (Spendel et al. 
2006). The interviews were conducted as a method of validation and to get further input. The 
interviewees had different areas of expertise relevant to our project.  
 
The semi-structured interviews were conducted in an informal tone and the main purpose was 
to discuss the project and its elements from different perspectives. After introducing our 
selves and the project, we focused on finding out which aspects from their area of expertise 
that they found relevant to our project. We also discussed the scope of our theoretical study 
and the possible need to broaden it. The results of these interviews can be found below. Each 
interviewee received a compiled copy of the interview for approval and comments. 
 
Annika Larsson, IEI (IAV), Linköping University 
Annika has a background in cognitive science and carried out her thesis work at Autoliv 
studying pedestrian related issues. At the time of the interview Annika worked at Linköpings 
University on a project concerning knowledge management on a nuclear power plant. 
 
For just over an hour we sat down, presented our project, and gave Annika a chance to voice 
her opinions based on her educational and professional background. Without going in to detail 
a brief summary of the interview can be found below. According to Annika, it is very 
important to; 
 

• Sketch, sketch, sketch! Produce a large number of various ideas, evaluate them and 
start over again. Do not be afraid to sketch unrealistic ideas. The might very well 
give rise to new, more realistic ideas. 

• Present concept sketches to as many people as possible, maximizing the amount of 
input. Try to involve people of different backgrounds in order to cover the wide 
spectrum of drivers. 

• Minimize the amount of information presented. Try to get rid of irrelevant 
information and focus on presenting information clearly in the peripheral field of 
view.  

• Consult for example taxi drivers and driving instructors because of their extensive 
driving experience. 

• Above all use clarity and transparency! Make sure that driver always knows were 
in the system he or she is at all times. There is always a risk of causing confusion 
and frustration when designing a complex human-machine system. 

• Keep the speedometer design in mind. Studies have shown that the classic, 
analogue speedometer is quicker and more intuitive to decode.  

• Some changes need to be visual to the passengers as well. Annika gave an example 
of when the landing gear lever in an aircraft was replaced by a button causing 
confusion between the pilot and co-pilot whether or not the landing gear had been 
deployed. 

• Use symbols instead of text, thus requiring less attention from the user. 
• Use intuitive applications when using multifunctional input devices.    
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Mats Nåbo, Subject Teacher in Design, IEI, Linköping University 
Because of Mats background in industrial design, the interview focused more on discussing 
the sketches and conceptual ideas that we had created up to that point. The interview could 
therefore be called a brainstorming session more than an interview. In addition to a lot of 
input regarding our sketches and ideas Mats gave us a few points to keep in mind: 
 

• Limit the number of  available menu items 
• Perhaps restricting the use of functions when performing sharp turns. (Large steering 

wheel angles)  
• Use animations wisely. Only important events should have animations that call for 

attention 
• Use simplicity when designing 
• The use of circular shapes gives character and association 
• Consider the use of symbols instead of text 
• Strive to create a sense of connection between the related input devices 
• Create and evaluate simple computer models before fully implementing a concept 
• Make use of the tactile sense when designing physical input devices (buttons) 

 
 
Mattias Arvola, Professor in Interaction Design, Södertörns Högskola. 
For our third and final interview we sat down with Mattias Arvola. His extensive educational 
background in cognitive science and his experience in interaction design made him a very 
suitable interviewee for our project. As in previous interviews we introduced Mattias to the 
project and our ideas followed by an hour long discussion. The discussion resulted in the 
following key points: 
 

• Changes in display appearance may require increased attention from the driver 
• Personalization or customization? Meaning  
• Fading information in and out requires a balanced timing. Achieving this timing is 

facilitated by creating changeable variables during implementation and evaluation in 
the simulator environment. 

• Use layers in the informational structure. One idea is to let temporary information fade 
in and out over static, non critical information. 

• Centre critical information in the focus of attention. Other information can  
be peripheral. It does not necessarily mean physical centre, and  
physical periphery. 

• Present related information from left to right. By doing so you can see the progression 
of the navigation in information structure unfold.  

• Combining symbols and text can increase clarity 
• Lower-case letters can be used for increased legibility 
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Appendix B – Brainstorming Sessions 
To gather more input in the information gathering phase of this thesis work, some 
brainstorming sessions were conducted. The sessions where performed for two to three hours 
at two separate occasions. Both times the brainstorming groups consisted of three persons, 
mainly with fellow students. We tried to vary the backgrounds of the participants as much as 
possible. 
 
The brainstorming sessions had manuscripts to ensure that they where performed under 
similar conditions. After a quick and summarizing introduction some keywords for the whole 
session where introduced: safety, usability, emotional driving, innovation, senses (visual, 
auditory, tactile). Every one of the three stages used the same setup. Ten to fifteen minutes 
where used to sketch ideas that the group then discussed, always encouraging free and 
spontaneous thinking without criticizing the fellow members. 
 
In the first phase the participants where introduced to a problem statement concerning 
different types of input, specific to the driver environment and also how to control and 
maneuver a system using this method of input. Some guiding words where presented to help 
the participants and guide them towards our desired goal.  
 
The second phase of the brainstorming session concentrated on the output to the user, how 
and where to present information vital to the driver. The same procedure with some guiding 
words specific to the driver environment where used, asking the participants to include ideas 
concerning: gauges, indicators, warnings and other types of general information.   
 
In the last phase of the session the problem statement was more concrete, giving the 
participants a more detailed description. The conditions where that input buttons on a steering 
wheel had to control a menu system presented on the main instruments area using a screen-
based display, with the support of a HUD. The task was to include the ideas from the previous 
two phases and construct a whole system. 
 
Summarizing the sessions are texts below, focusing on the ideas that are relevant to this 
project. Some of the ideas that were sketched during the sessions have been reprinted and are 
shown as supplements to the texts. 
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The First Session - 070208 
Participating in the first brainstorming session were Daniel Gunnarsson, Jonatan Svedberg 
and Johan Andersson. 
 
One question that arose during the first session regarding input was how people communicate 
with each other and how they communicate with computers. Is it possible for the driver to 
communicate feelings to the car, and how can the car interpret those emotions? Is it possible 
to maneuver the in car system with non physical buttons? As those questions got answered the 
group slowly moved over towards more realistic solutions involving different types scroll 
wheels in the steering wheel as input devices (fig A, B). Another input device that could fill a 
need for typing texts and numbers was a numeric keyboard, like the ones found on a mobile 
phone. This was intended to be placed in the area between the driver- and passenger-seat (fig 
C). 
 

 

 Figure A Figure B  Figure C 
 
During the second phase, the group talked about, and agreed on, the importance of keeping 
the displayed information to a minimum. In that way focusing the driver on the important 
information, and making sure that the driver does not oversee something important due to an 
information overflow in the cockpit area.  
 
One way of doing this was to limit the number of warnings shown at the same time. The idea 
presented was that when a warning was needed it would highlight (using blinking, pulsating 
and/or audio) and then become minimized and in that way make the driver aware of the 
warning but at the same time not distracting the driver (fig F). 
 
Another idea on the same topic was 
an adaptive speedometer. This gauge 
would rely on a camera or GPS to 
identify the legal speed for the given 
area, and adapt the gauge to show 
this to the driver (fig D).  
 
 Figure D 
 
In the third and last phase the group discussed more realistic and project specific ideas. This 
included a head-up display concept. The group presented the idea that the HUD should be 
optional and very individual in its position. In many car models today there are night panel 
functions and as a step in this direction the HUD and main instrument LCD should have a 
button for the driver to quickly be able to turn it on and off. There was also a desire from the 
group to be able to adjust the HUD placement and size on the front windscreen, according to 
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personal desire or anthropometric needs (tall and short persons have different line of sight) 
(fix E).  
 
Other ideas discussed here was how to toggle within a menu system and the need for confirm 
and back buttons. Another discussion touched on the subject of letting pop up windows 
(warnings in particular) cover semi important functions for a limited time (e.g. letting the fuel 
gauge be concealed for a limited period of time will not affect the driving in a critical way).   

 
 
 
 
 
 
 
 
 
 
 

 Figure E Figure F 
 
The Second Session – 070214 
 
To this second session we invited four students with the same background as our selves, 
namely Anna Jonasson, Sofie Sjödin, Peter Rosengren and Christian Rosca.  
 
In this session the first different input devices where discussed. A lot of different technical 
supporting devises where thought of, many that are already applied on other existing products 
on the market, like the shuffle device on the I-pod and different types of microphones. One of 
the ideas that where discussed was sensors built into the steering wheel. The idea here was to 
monitor the drivers pulse and temperature and thereby sense if the driver is getting cold, tired 
or upset, and automatically be able to adapt to these various situations. Another idea was to let 
the left foot control some functions, mainly simple on/off functions.  
 

   
 

 Figure G Figure H 
 
Within the second phase of this brainstorm the discussions mainly concentrated on making the 
driver aware of the output functions. Using sounds, smells and tactile support the group talked 
a lot about reducing the visual strain of the driver. Focus was on how to make the driver 
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separate and sift out the important and crucial information from a continuously updating flow 
without making the driver confused or disturbing him or her in the driving situation.  
 
In order to make the current speed more visible an enhancement of the speedometer was 
discussed. This could be done either with a supplementing digital display (fig G) or with the 
use of a designed “magnifying glass” increasing a portion of the speedometer in size. (Fig H)    
 
Another idea, more concentrated on the warnings, was to make the symbols more intuitive. 
The idea within the group was that the warnings should be displayed on a schematic picture of 
the car, for example showing the windscreen washer fluid container on its actual spot with a 
warning symbol and offering information on how to 
refill it and what fluid to use. (fig I) 
 
Summarizing the third phase where the group 
talked more about full concepts using both input 
and output devices, the focus maintained on 
visibility and making the driver environment more 
simple and easy to use then today. At this stage the 
brainstorm session became more of a discussion 
and further development of the already produced 
ideas. There was some discussion the subject of 
information allocation and grouping. Figure I 
 
If the interface in the car was to be mode based and updatable the group was unanimous on 
the fact that the driver had to have some static fields or areas to rely on. This means that for 
example the warning symbols or the fuel indicator should be found in the same place at all 
time, regardless what mode or situation based update is currently being used. The group said 
that it is important that the driver has some familiar gauges to rely on when being presented 
with new information.  
 
Another topic was whether or not some information had to be static (apart from the obvious 
display of the current speed). Examples of these types of information are; time, outside 
temperature, current radio station or selected song. The group agreed on that this should either 
be shown at all time or be easily accessible with a quick push of a button.  
 
The Third Session - 070217 
 
This time we invited some students from the Craft and Design program at Linköping 
University, to make sure that we had a brainstorm with some students from a non technical 
education. The participants were Måns Halldorf, Jessica Berglund, Anna Rongedal and Emili 
Nilsson.  
 
The group started of with a large production of sketches and ideas. Some input devices where 
introduced, among others an aircraft inspired steering wheel with up/down toggle button on 
the ends (fig J). Other ideas had screen-based display and touch screen solutions in the 
steering wheel, placed in different spots, showing more or less information. One idea was to 
have a small LCD on the top of the steering wheel only showing selected menus (in a bigger 
menu system) or warning symbols (fig K). 
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 Figure J Figure K 
 
Another idea was combined buttons configured to fit the fingers 
of a hand on both sides of the steering wheel. This would 
contribute to getting additional buttons (and thereby added 
functions) more easily reached by the driver (fig L). This idea 
contained a hold button so that the function buttons would not be 
accidentally activated. This was something that the rest of the 
group saw as an inspirational idea. 
 
In the output functions phase an idea about using common 
pictures that a person associates with certain feelings to show 
different statuses in the car. For example using pictures of a tree 
that is healthy and green if everything is ok and let the same tree 
loose its leafs and decay when there is trouble.  Figure L 
 
Another idea was to make the driver aware of warnings or critical gauges by letting them 
swell up and expand, and by doing so taking up more space and thereby getting the needed 
attention (fig M). One comment was that from a passenger’s point of view the speed of the 
vehicle should be visible at all time. This could be done by projecting the speed onto a HUD 
or even up onto the inner ceiling. 
 
Since this group had a lot of interesting ideas and 
different way of approaching the given problems we 
wanted to use their knowledge in a different way at 
this stage of the brainstorm session. We cancelled 
the third phase and introduced our own ideas at this 
stage instead to get as much feedback as possible on 
them. We discussed the whole concept with displays 
and computer interfaces as well as detailed parts of 
our ideas. This approach was, from our point of 
view, very successful. They questioned many of our 
ideas and we had to explain ourselves on several 
points and their feedback was constructive and 
rewarding to our project. Figure M 
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