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ABSTRACT 

The area of automated vehicles is currently emerging and the development of advanced 
automatic systems can be seen as an effort to better support humans by technology. Increased 
safety, reduction of emissions by fuel efficiency, increased comfort while driving and 
cooperation between vehicles by e.g. platooning (co-driving on a highway at close distances) 
is some of several benefits that are mentioned associated with automation in vehicles. Several 
challenges are also associated with the development of automated systems, such as creating a 
good interaction between the driver and the vehicle. The challenge is to develop a good user 
experience (UX) and a safe and simple interaction to better the chances of the driver using the 
automated functions, and thereby enable gaining the advantages associated with it.  

This thesis has focused on the area of human machine interaction (HMI) as a part of the 
European project AdaptIVe and has been conducted at ATR at Volvo GTT. The purpose of the 
thesis was to develop a concept for connection to a platoon initiated by the driver. The aim 
was to develop a concept that was perceived as novel (i.e. different than conventional 
solutions found in today’s trucks), coherent with the function of joining a platoon, and address 
user needs, HMI and UX aspects. The results were expected to contribute to finding new ways 
of interacting with trucks that could possibly be included into future Volvo trucks. 

The thesis was practiced through a user centred design process, divided into three phases; 
exploration, concept development and concept evaluation. The exploration phase explored 
the user, user environment and user needs, involved truck drivers, and defined use case and 
design criteria for the concept. The development phase was conducted to generate and select 
a concept based on the criteria. Expert users were involved in the ideation and selection. The 
concept evaluation was performed with lo-fi prototypes and expert users and, based on the 
results from the tests, improvements were made and a final concept was finished. 

The final concept ISSA is a concept for activation and connection to a platoon through swiping 
forward on an interactive lighted touch sensitive surface located in the middle of the steering 
wheel. The surface indicates by light when activation is possible and in which direction the 
swipe should be done. ISSA is also equipped with two lights, one at the bottom (manual mode) 
and one at the top (automatic mode) of the steering wheel. White light represents manual 
mode and blue light automatic mode. Additional information about available platoons, system 
state and lateral and longitudinal control is also given in the head-up display (HUD). 

ISSA addresses important criteria regarding user needs, HMI and UX. Results from the user 
test indicate that ISSA is easy to use and that it is perceived as safe. System status, intentions 
and transitions is indicated to be acknowledged by the users (given by information in HUD 
and mode indications on steering wheel). Results indicate that ISSA is perceived as easy to 
use, has good usability and that ISSA outperforms a conventional solution such as a button 
regarding novelty and pleasure of use. ISSA implies a new way of interaction between driver 
and automated trucks and is designed to be coherent with the function of connecting to a 
platoon in terms of transferring the control of the vehicle to the truck in front. ISSA fits into 
future truck driving, contributes to a good UX, has a familiar design and could contribute to 
the driver using the platooning function which enables gaining benefits associated with it.  
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NOMENCLATURE 

 

Automated driving – Driving supported by different levels of autonomous systems 
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CWS – Collision warning systems  
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HMI – Human machine interaction 
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LOA – Levels of automation  
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V2I – Vehicle to infrastructure communication 

V2V – Vehicle to vehicle communication 

V2X – Vehicle to vehicle and infrastructure communication  





1 

 

CHAPTER 1  

INTRODUCTION 

This chapter provides an introduction for the thesis including background information, purpose, 
objective, thesis questions and delimitations. 

Although the freight transportation being of great importance to the economy of a country, 
the challenges of increasing fuel prices and the need for reducing of greenhouse gas emission 
still stands, as Alam, et al. (2015) describes. Diakaki, et al. (2015) advocates that there is a 
need for radical and rapid solutions to address the increasing congestion on highways due to 
its negative influence in economy, environment and life in cities. In order to decrease 
congestion and increase the safety and comfort in vehicles, various different advanced driver 
systems is developed and implemented by vehicle manufactures, as Merat, et al. (2012) 
describes. Flemisch, et al. (2008b) states that the development of these advanced systems are 
leading towards higher levels of assist or automation in vehicles and can be seen as an effort 
towards a better support of humans by technology. 

Several possible benefits associated with the development of autonomous vehicles are 
mentioned, such as increased safety (Alam, et al., 2015), higher comfort and relaxation while 
driving (Ohlson & Osvalder, 2015), reduction of emissions by fuel efficiency (Kato, et al., 2011) 
and increased efficiency and adaptability in the ever increasing complexity of transport 
systems (Krupenia, et al., 2014). 

According to Alam, et al. (2015), there are many approaches for reducing fuel consumption of 
single vehicles such as development of efficient combustion engines, fuel-efficient tires, 
reduction of weight, better aerodynamics or alternative fuels. However, the increasing level of 
information and communication technologies in the transport systems improves the 
possibilities of reaching a higher level of safety and energy efficiency in the networks of 
transportation by cooperation between vehicles. One such opportunity, a cooperative method 
for increasing fuel efficiency in freight transportation, is the possibility of platooning. A 
platoon is a formation of a group of heavy-duty vehicles driving together on a highway at close 
distances (Alam, et al., 2015). The vehicles are provided with sensors to be able to minimize 
distance to the proceeding vehicle (Chan, et al., 2012), thus reducing the overall aerodynamic 
drag and thereby also reducing fuel consumption (Alam, et al. 2015; Kato, et al., 2011). 

Bergenhem, et al. (2012) describes many different projects and researches regarding 
platooning that are ongoing and that has been completed; SARTRE, Path, Energy ITS, GDC and 
SCANIA-projects are some to be mentioned. They differ slightly in detail, for example in the 
descriptions of the goals with platooning, implementation, infrastructure requirements, mix of 
vehicles included, what is automated (lateral and longitudinal control) and to what level. 
Safety, comfort in driving, reduced fuel consumption, increased traffic efficiency are some 
expected advantages from platooning (Bergenhem, et al., 2012). 

The challenges that comes with the increasing technology and functions in vehicles are largely 
situated within the interaction between driver and the vehicle, according to Walker, et al. 
(2001). The issue is much more complex than simply putting more and more technologies and 
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functions into vehicles. The in-vehicle technology presents both opportunities and threats in 
terms of consequences for the driver. The research regarding human machine interaction 
(HMI) is increasing and by addressing these challenges and getting a better understanding of 
the human factors, more safe, efficient and joyful experiences are to be explored (Walker, et 
al., 2001).  

By focusing on the user in the development process, critical user needs can be identified and 
utilized to develop the product or system designed for the user (Ulrich & Eppinger, 2008). 
Knowledge can also be gained about how future products will likely be used by involving 
users in the development process (SIS, 2010). 

Vehicles of today incorporate more functions and information than before and designers 
therefore faces the challenge of adding all these functions and still offer a simple, efficient, 
natural and safe interaction while providing a good user experience (UX) (Gkouskos, et al., 
2014). Presenting to many objects, functions or buttons implies a more complex interaction 
(Maeda, 2006). Research about truck drivers attitudes to platooning have indicated that truck 
drivers have a critical view on driving in a platoon that needs to be addressed to gain their 
acceptance about platooning (Shladove, et al., 2015).  

To gain the advantages associated with platooning the truck drivers need to use the 
platooning function, as Nichols & Chesnut (2014) describes. Development of a good UX can 
enhance the interaction between the user and the product (or system) by making the 
experience enjoyable, productive and engaging, thus making the user want to use the product 
to a higher degree (Nichols & Chesnut, 2014). The user’s first experience with a product or 
system is influenced by learnability and novelty (Karapanos, et al., 2009).  

To summarize, many possible benefits are expected with the development of autonomous 
vehicles where the possibility of platooning is one of them. The development of these 
functions includes several challenges for the designers to address, where the interaction 
between driver and vehicle is one. To be able to gain the advantages seen with platooning, the 
driver needs to use the function. The challenge is to design a simple interaction with good UX, 
to make the interaction enjoyable and to add novelty to influence the user’s first experience 
with the function. 

1.1 BACKGROUND 
This master thesis has been carried out at Advanced Technology & Research (ATR) at Volvo 
Group Trucks Technology, as a part of the project AdaptIVe (AdaptIVe consortium, u.d.; 
https://www.adaptive-ip.eu/). ATR is the center of research, advanced engineering and 
innovation in the Volvo Group and is driving research and advanced engineering projects that 
help	   the	   Volvo	   Group	   to	   offer	   the	   world’s	   best	   transport	   solutions	   and	   services.	   ATR	   also	  
works closely with external research partners, academia, institutes and authorities in public 
projects that are co-funded (Volvo, 2016). 

Volvo Group is a provider of trucks, buses, construction equipment, drive systems for marine 
and industrial applications and complete solutions for financing and service (Volvo Group, 
2016). Volvo Group is one of the biggest global manufacturers of heavy vehicles which are 
provided to over 140 countries (Volvo Group, 2012). Volvo Group Trucks Technology is 
responsible for the Volvo Group Technology research, engine development, product design 
and all the technology and product development linked to trucks (Volvo Group Trucks 
Technology, 2016). They have and are involved in several automation and platooning 
research projects, such as SARTRE (Volvo Group, 2014) and AdaptIVe (AdaptIVe consortium, 
u.d.). 



3 

AdaptIVe is an ongoing European research project that aims to accomplish a higher level of 
efficiency and safety in automated driving, as described by AdaptIVe consortium (u.d.). There 
are 28 partners from 8 different countries participating in the project that runs from January 
1st 2014 to June 30th 2017. AdaptIVe addresses both technological and ergonomic aspects as 
well as addressing legal issues. ATR is leading the human-vehicle integration sub-project 
which investigates how driver’s intentions and actions should be taken into account in the 
design of automated systems (AdaptIVe consortium, u.d.). 

Platooning is described as a vehicle automation and communication system (VACS) (Diakaki, 
et al., 2015). Platooning with trucks is, according to Janssen (2016), a promising innovation 
which can provide great value to the transport sector in the near future. By 2025, platooning 
is believed to be an existing and accepted occurrence on motorways in Europe (Janssen, 
2016). 

In this thesis, we have focused on the area of human machine interaction (HMI) in automated 
trucks and specifically on developing HMI-concepts for connecting trucks to platoons, by 
taking the drivers situation and environment into account in the design process. No solution 
for the activation of the future function of platooning currently exists. Therefore, by seeking a 
new way of interacting with the truck, the thesis contributes to the offering of great transport 
solutions when the innovation of platooning is integrated into future trucks. 

1.2 PURPOSE AND AIM 
The purpose of the thesis has been to develop a concept for a driver initiated joining to a 
platoon. The aim has been to design a concept which is coherent with the function of joining a 
platoon, perceived as novel (i.e. different to conventional buttons and knobs that you find in 
trucks today) and that has good UX. 

1.3 THESIS QUESTIONS 
The thesis questions were formulated from the purpose and aim in order to determine what 
areas that were investigated further in the thesis. 
 

Q 1 How can a concept for a driver initiated activation be designed to be coherent with 
the joining of a platoon? 

Q 2 What design criteria/attributes should be considered when designing the concept, 
regarding; 

i. User needs? 

ii. HMI? 

iii. UX? 

 
To address Q1, a design process was conducted, see Chapter 4. To explore Q2 user tests were 
conducted and assumptions were formulated, see section 7.1. 
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1.4 DELIMITATIONS 
This thesis has investigated the idea of platooning in a highway scenario with a platoon solely 
consisting of trucks. The use case that has been explored is to join a platoon. No other use 
cases for platooning were considered in the thesis. The use case goes from manual driving 
(Level 0 (SAE International, 2014), see section 2.1.1), to high automation (Level 4 (SAE 
International, 2014)), where both driver and automation are in control of the truck. Full 
automation is not part of the scope of the thesis. 

Due to the future perspective of the concepts developed in this thesis and the ongoing 
development of the technologies used for automated trucks the technologies used in the 
concepts were assumed to be available and functional in the future. Technology was therefore 
not a limitation for the project, but the technology that was used was assumed to fit into the 
time frame for the concept. No technological specifications were developed for the concept, 
the solutions for the concept was only developed to a conceptual level.  

The selection of the final concept was done with respect to design criteria’s	   and	   expert	  
assessment and then further evaluated with expert users. Therefore, only one concept has 
been tested in the user evaluation process. 

The thesis has focused on developing a concept for the activation of an automated system for 
connection to a platoon. In order to explain the concept in its context, a model for the 
information gained from the system during the use case has also been developed. This system 
model has not been the focusing point in the project, but has been created in order to support 
the main concept. 
 



5 

CHAPTER 2  

THEORETICAL FRAMEWORK 

This chapter contains the theoretical framework for the thesis and will give the reader 
knowledge and understanding of important subjects for the following process of the project. 
Theories regarding automation are first presented followed by sections with theories concerning 
HMI and UX. 

2.1 AUTOMATION 
Automation in human machine systems is described by Parusaman, et al. (2000) as when a 
function, that used to be performed by a human operator, is partly or fully replaced by a 
system. In addition, NHTSA (2013) presents their definition of autonomous cars as when a 
vehicle is driving for itself without the driver being expected to monitor or control anything. 

The differences between automated driving and autonomous driving are described by SMART 
(2010). Automated driving is defined as driving enhanced by dedicated control and 
autonomous systems to support the driver. Automated systems can operate continuously or 
at specific moments and can range from highly automated to partly assisting the driver. 
Autonomous driving, on the other hand, is described as when no human operator is necessary 
to be active when operating the vehicle but can still be present (SMART, 2010).  

Richards and Stedmon (2016) argues that autonomous cars are often misleadingly referred to 
as driverless vehicles. A better description, according to Richards and Stedmon (2016), is that 
the driver is able to delegate control authority to the system when wanted.  

2.1.1 LEVELS OF AUTOMATION 

The standard J3016 is presented by SAE International (2014) and consists of six different 
levels of automation (LOA), see Figure 1. The levels are; no automation (level 0), driver 
assistance (level 1), partial automation (level 2), conditional automation (level 3), high 
automation (level 4) and full automation (level 5) and implies different amounts of system 
and/or human monitoring and controlling of the vehicle (SAE International, 2014).  
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Figure 1: SAE Internationals six levels of automation (SAE International, 2014). 

A distinction is made by Flemisch, et al. (2008b) between different LOA, ranging from manual 
to fully automated, involving different driver involvement and control. A spectrum of 
automation is described from fully manual to fully automated with levels such as assisted, 
semi-automated, highly automated and fully automated, see Figure 2 (Flemisch, et al., 2008b). 
The control over the system is transferred between the operator and automation in the 
different LOA (Flemisch, et al., 2008a). 
 
 

Figure 2: Spectrum of automation and transition initiation. Translated from (Flemisch, et al., 2008b). 

Flemisch, et al. (2008a) also suggests a role-spectrum, similar to the spectrum of automation, 
describing the roles of the human interacting with vehicle assistance and automation and in 
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what level the parts are dependent on each other, see Figure 3. The spectrum goes from the 
human being in full control, i.e. manual driver, to the automation being in full control, i.e. the 
human being a passenger (Flemisch, et al., 2008a). 

 

Figure 3: Spectrum of roles in vehicle assistance and automation. Translated by (Flemisch, et al., 
2008a). 

According to Larburu, et al. (2010) the transition between automated and manual driving can 
be planned or unplanned. Planned transition is when the driver initiates the action. 
Unplanned transition happens when the system does not function or there is a system failure 
and the driver needs to take over the control (Larburu, et al., 2010).  

Transitions between different levels in automation can be described as the procedure of 
shifting from one static level to another static level while driving (Lu & de Winter, 2015). Lu 
and de Winter (2015) categorizes these transition between different states in automation into 
a tree of control authority transitions, see Figure 4. The first level in the tree consists of 
transitions initiated by the driver and transitions initiated by automation. These two 
categories are then divided according to who is in control of the transition, the driver or the 
automated system.  

Figure 4: Categorization tree of control authority transition. Translated from (Lu & de Winter, 2015). 

2.1.2 VEHICLE AUTOMATION AND COMMUNICATION SYSTEMS 

A term that is being used to describe the integration of technology in transport systems is, 
according to Figueiredo, et al. (2001), called intelligent transport systems (ITS). ITS refers to 
integration of existing technology’s	   such	   as computers, electronics, satellites and sensors 
(Figueiredo, et al., 2001), to improve driver experience, reducing accidents in traffic situations 
and improve efficiency in traffic networks (Williams, 2008).  

As Figueiredo, et al. (2001) describes, ITS applies to all sorts of transportations. Some 
examples of intelligent transport systems are traffic management software, security cameras 
and dynamic route guidance (Figueiredo, et al., 2001). 
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There are numerous sensor technologies available today that could be integrated into a 
vehicle for different purposes such as adaptive cruise control (ACC), collision warning systems 
(CWS), driver awareness warnings and parking assistants (Richards & Stedmon, 2016). 
Different examples are shown in Figure 5. 

Figure 5: Automotive sensor applications. Translated from (Richards & Stedmon, 2016). 

The development of driver assistance systems has, according to Bengler, et al. (2014), gone 
from sensors that measure internal status of the vehicle (proprioceptive) to sensors acquiring 
information from the outside of the vehicle (exteroceptive) to the development that is being 
done today with automated and cooperative driving, see Figure 6.  

Figure 6: Driver assistance in past, present and future. Translated from (Bengler, et al., 2014). 

As Bengler, et al. (2014) describes, the proprioceptive sensors, e.g. acceleration, enables 
control of vehicle dynamics in order to assist the driver. The introduction of dynamic control 
systems in vehicles increased when people realized that they contributed to an increased 
safety factor, as Bengler, et al. (2014) states. The exteroceptive sensor introduced systems 



9 

such as warning, navigation, assisted parking and ACC. Partly autonomous driving is predicted 
to become a reality within the coming innovation cycles and highly automated vehicles are 
becoming more feasible (Bengler, et al., 2014). 

Diakaki et al. (2015) describes autonomous systems as systems that include Vehicle 
Automation and Communication Systems (VACS) and have all necessary technology to 
perform their functions. VACS have been developed in many different varieties during the last 
decade, e.g. vision assistance and ACC, and are expected to increase the capabilities of vehicles 
in the next decades. By new communication features the cooperation between vehicles and 
infrastructure can possibly be improved to assist and ease driving (Diakaki, et al., 2015).  

The communication with automated vehicles can, according to Diakaki et al. (2015), be 
described in three different categories; vehicle-to-vehicle (V2V) communication, vehicle-to-
infrastructure (V2I) communication and vehicle to both vehicle and infrastructure (V2X) 
communication. V2V communication includes system that needs to cooperate with other 
vehicles to perform their functions. V2I communication systems are systems that need to 
cooperate with infrastructure, instead of vehicles, to perform functions and V2X 
communication included systems that cooperate with both vehicle and infrastructure 
(Diakaki, et al., 2015). Diakaki, et al. (2015) proposes a classification of VACS from a 
motorway management perspective which replicates how relevant the different systems are 
for the efficiency of traffic flows on highways, see Figure 7.  

 

Figure 7: Classification of different VACS. Translated from (Diakaki, et al., 2015). 

The classification implies two different categories; VACS with or without direct effects on 
traffic flow. The first category representing the VACS that, including other features, also 
modifies the characteristics of the traffic flow, and the second category representing those 
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VACS who only aim at traffic safety and comfort for the driver rather than modify overall 
patterns of traffic. The VACS with effects on traffic flow are further divided into urban related 
VACS and motorway traffic related VACS. Platooning is defined as a motorway traffic related 
VACS which implies numerous options for formation of closely spaced vehicles that aims for a 
safe, fuel- and traffic-efficient travel (Diakaki, et al., 2015). 

Diakaki, et al. (2015) describes ACC as a motorway related VACS cruise system that helps to 
automatically adjust the speed and gap to the vehicle in front. Another cruise system is 
cooperative adaptive cruise control (CACC). CACC is similar to ACC but is also wirelessly 
connected between vehicles and can therefore respond smoother to other vehicles and 
maintain a smaller gap to the vehicle in front (Diakaki, et al., 2015). 

2.1.3 COOPERATIVE AUTOMATION THROUGH PLATOONING  

Platooning is as a group of vehicles that drive together, deliberately coordinated in a 
formation (Bergenhem, et al., 2012). A platoon is, according to Bergenhem, et al. (2010), led 
by a leading vehicle (LV) which is followed by one or several following vehicles (FV). A 
platoon can exist with at least two vehicles. The platoon can contain both heavy vehicles, such 
as trucks or buses, and passenger vehicles (Bergenhem, et al., 2010). 

The description and the details of platooning vary among projects since there are different 
goals and motivations for platooning (Bergenhem, et al., 2012). Some describe them as having 
a manually controlled LV where the FV driver must be able to take over control of the vehicle 
if a controlled or unforeseen dissolving of the platoon happens (Bergenhem, et al., 2010). 
Platoons are originally designed with the use of wireless communication and vehicle control 
technology, such as CACC vehicles. Research is also being done about of platoons in a higher 
level of automation which does not necessitate drivers and this creates other conditions for a 
platoon (Bergenhem, et al., 2012). But the effect of platooning for heavy vehicles can be 
described as reducing aerodynamic drag by minimalizing the distance between vehicles to 
allow drafting and enabling energy efficient driving, i.e. saving fuel and thus decreasing costs 
(Kato, et al., 2011). 

Figure 8: Simple model of a two-truck platoon. 

The vehicles are, according to Chan, et al. (2012), provided with sensors that measure the 
longitudinal and lateral position of the preceding vehicle with e.g. radars, lidars, and cameras, 
see Figure 8. Using the on-vehicle sensors and shared V2V data the longitudinal control 
controls the vehicles distance to the preceding vehicle. The lateral control uses a combination 
of	   the	   FV’s	   own	   sensors	   and	   shared	   V2V	   data. The vehicles control system determines its 
target trajectory and then controls the steering system to follow that trajectory (Chan, et al., 
2012). 
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2.1.4 AUTOMATION IN TRUCKS AND PASSENGER CARS  

There is a distinct difference, in the roles and responsibilities for the driver, between 
automated heavy vehicles, such as trucks, and automated passenger cars, according to 
Nowakowski, et al. (2015). One motivation for passenger cars can be seen as the ability to 
partly or fully disengage from the driving task whilst the motivation for heavy vehicles can be 
seen as e.g. truck platooning (Nowakowski, et al., 2015) and saving fuel (Kato, et al., 2011). 
Automation could also lead to additional or changed tasks and responsibilities for drivers of 
heavy vehicles, e.g. responsibilities while leading a platoon (Nowakowski, et al., 2015) or a 
change in the drivers role from being the operator to being a system supervisor (Merat, et al., 
2012).  

Nowakowski, et al. (2015) also points out that the commercial activities trucks often are 
engaged in as a differentiating aspect from passenger cars. In contrary to passenger cars the 
primary driver of the vehicle will also not always be the one to evaluate and select heavy-
vehicles. Instead the fleet owner or managers will be the ones to select the vehicles. Because 
of the different motivations for passenger cars and heavy vehicles, Nowakowski, et al. (2015) 
concludes, that not all designs and conclusions about passenger cars can necessarily be 
applied to heavy vehicles.  

2.1.5 CHALLENGES WITHIN AUTOMATION 

Several different challenges related to automation is mentioned, such as monitoring the system 
(Bainbridge 1983; Sarter, et al. 1997; Lange, et al. 2015; Richards & Stedmon 2016), mode 
confusion (Sarter & Woods 1995; Leveson, et al. 1997), mode awareness (Sarter & Woods 
1995; Merat, et al. 2012), mode errors (Norman, 1983), levels of automation (Parusaman, et al., 
2000), driver involvement (Bengler, et al., 2014) and situation awareness (Merat, et al., 2012). 

In Ironies of Automation Bainbridge (1983) discusses the irony of how automatic control 
systems are used because they can perform the job better than the operator but at the same 
time the operator should monitor that the system is working effectively. In complex systems 
this requires the operator to have special training or displays to acquire the type of 
knowledge needed to know if the system is working effectively or not (Bainbridge, 1983). 

According to Sarter and Woods (1995) more advanced automation technology allows more 
complicated systems with more functions, methods and options for carrying out a task at 
different levels of automation, for example in flight management systems. The flexibility that 
comes out of these different choices of modes benefits for example a pilot due to the 
possibility of choosing the most suitable mode for a particular situation. To be able to select 
the most suitable mode for the situation however, the operator needs to track the automation 
modes (Sarter & Woods, 1995). In machine automation the operator is no longer continuously 
controlling a process but instead supervising the performance of the system, according to 
Sarter, et al. (1997). The operator needs to know where to look for information about the 
status of the system and when to look for it (Sarter, et al., 1997). This can be particularly 
demanding on the operator because of highly automated systems ability to change modes 
independently from the operator (Sarter & Woods, 1995).  

Norman (1983) defines mode error as doing an appropriate operation for one mode when in 
fact you are in another mode. This occurs when the user interprets that the system is in 
another mode than it actually is. Mode error usually happens when a system is not providing 
clear feedback of the current mode to the user. A description error occurs when the 
specification of an action is insufficient or wrong and leads to a faulty action. The act is often 
similar to the action the user aimed to perform. Description errors can occur when the 
distinction between different controls are not provided clear (Norman, 1983).  
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According to Merat, et al. (2012) highly automated vehicles implies a change in the drivers 
role while driving from being the operator to being a system supervisor who only interferes in 
case of emergency events when the system is unable to deal with the situation. When the role 
of the driver is simply supervisory there is a risk that this has an effect on the driver’s 
performance and situation awareness (Merat, et al., 2012). 

To substitute the driving with a system, the system will only be accepted if it is safer or more 
comfortable than the original solution (Larburu, et al., 2010). On the other hand, Bengler, et al. 
(2014) argues that it is important that the development of interfaces and controls for the 
driver focuses on high involvement between the driver and the vehicle. In this way it can be 
ensured that the system is controlled according to the driver’s intentions and that the 
interaction can run intuitively (Bengler, et al., 2014).  

The driver’s performance and awareness of the driving situation may be affected when the 
driver’s task alters from controlling to supervising the vehicle (Merat, et al., 2012). The driver 
needs to understand what mode is activated, keep track of surrounding traffic (Larburu, et al., 
2010) and being able to monitor the system during an automated drive (Lange, et al., 2015). It 
is not only of great importance that the system is designed in a way that lets the driver know 
not only what the system is currently doing but also what the system is incapable of doing 
(Richards & Stedmon, 2016).  

2.1.6 FUTURE POSSIBLITIES IN AUTOMATION 

Several future possibilities in automation are mentioned, such as increased safety (Alam, et al., 
2015), communication and collaboration among vehicles and infrastructure (Alam, et al. 2015; 
Diakaki, et al. 2015), a change of professional drivers working tasks (Ohlson & Osvalder, 2015) 
and environmental benefits due to lower fuel consumption (Alam, et al., 2015) 

By introducing new possibilities for V2V cooperation a higher level of safety and better use of 
energy can be achieved, according to Alam, et al. (2015). Environmental benefits can be drawn 
by cooperation among vehicles allowing improved aerodynamic conditions resulting in 
decreased fuel consumption. The level of safety can also be improved if the vehicles are able to 
cooperate and communicate with each other (Alam, et al., 2015). 

There are multiple desired functions in VACS for the future, according to Diakaki, et al. (2015). 
One possibility is to develop VACS to be able to adapt to traffic conditions to provide functions 
relevant for current situation. V2V and V2I collaboration can also be developed in VACS to 
enable realization of goals that are not possible to achieve with systems merely 
autonomously. There are also possibilities in making motorway traffic management systems 
available that are able to interfere when necessary to prevent unwanted action among drivers. 
If the infrastructure is able to collaborate with VACS, thus enable support and coordination of 
individual actions, positive effects may follow locally as well as network-wide (Diakaki, et al., 
2015).  

While the level of automation in vehicles increase, Ohlson and Osvalder (2015) argue that 
truck drivers value more opportunities in comfortable driving positions and relaxing rather 
than being able to perform different work tasks during driving.  

2.1.7 SUMMARY AUTOMATION 

Automated driving is described as when automated systems operate at specific moments and 
at different levels to assist the driver (SMART, 2010). There are different levels of automation 
mentioned, ranging from manual drive with no automation (Level 0) to, partly assisted 
driving and lastly full automation (Level 5) where the system is in total control and no human 
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is needed (SAE International, 2014). Benefits due to automation can be environmental and 
safety related on an individual level (Alam, et al., 2015) as well as through possible 
cooperation between vehicles and infrastructure (Alam, et al., 2015; Diakaki, et al., 2015). 

There is a difference between driver roles and responsibilities with automated passenger cars 
and heavy vehicles. Designs and conclusions for passenger cars are thus not necessarily 
directly applicable to heavy vehicles (Nowakowski, et al., 2015). The automated system 
should be safer or more comfortable than the original solution to be accepted (Larburu, et al., 
2010). On the other hand, it is important to focus on high involvement between the driver and 
the vehicle (Bengler, et al., 2014). It is important that the driver is able to monitor the 
automated system (Sarter, et al., 1997; Lange, et al., 2015) to understand current automation 
mode (Sarter, et al., 1997; Larburu, et al., 2010) as well as systems capabilities and limitations 
(Richards & Stedmon, 2016), thus reducing the risk of unwarily performing an inappropriate 
action for the current mode (Norman, 1983). 

Platooning is described as a formation of closely spaced vehicles driving on a motorway 
(Bergenhem, et al., 2012; Diakaki, et al., 2015), led by a LV and followed by one or several FV 
(Bergenhem, et al., 2010), cooperating via wireless communication and vehicle control 
technology (Bergenhem, et al., 2012) and aiming for safe, fuel- and traffic efficient travel 
(Diakaki, et al., 2015). The description and details of platooning vary among different projects 
due to different goals and motivations for platooning (Bergenhem, et al., 2012). The vehicles 
can be provided with sensors able to measure both lateral and longitudinal positions of the 
preceding vehicle (Chan, et al., 2012). Although the platoon is controlled by the LV, it is 
important that an FV driver is able to take over control of the vehicle if necessary 
(Bergenhem, et al., 2010). 

2.2 DESIGN FOR HUMAN MACHINE INTERACTION 
HMI is described by Johannsen (2007) as the interaction and communication that takes place 
between users and machines via a human machine interface. In automation the human 
interacts with a machine through an interface in different layers of automation and is 
therefore an important aspect to consider for HMI (Johannsen, 2007). 

2.2.1 HUMAN MACHINE SYSTEM 

Flemisch, et al. (2008a) argues that it is important to think of human and automation beyond 
being two independent systems. Flemisch, et al. (2008b) reasons that a favorable direction to 
go with automation would be beyond traditional automation and shared control towards 
cooperative automation, see Figure 9.  

By cooperation meaning working alongside each other towards a goal whiles both driver and 
the automation are in control of the vehicle. A constant interaction has to take place when the 
design of the automation has to be fully adapted for the human. A match has to be made 
between the action intentions from the driver and the automation via an interface as well as 
an implementation of a joint action (Flemisch, et al., 2008b).  
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Figure 9: Cooperative vehicle control between human and computer. Translated from (Flemisch, et al., 
2008b). 

Osvalder and Ulfvengren (2010) propose a model of how a human machine system can be 
described. Here, the human undertakes an operating role, see Figure 10. Different interfaces 
such as displays reveals information to the operator about system status. The information is 
perceived and decoded by the operator who uses this information to decide about further 
actions. Desired actions are requested by the operator via different controls such as buttons, 
joysticks or keyboards. The system decodes these requests, takes action and reveals new 
system status to the operator (Osvalder & Ulfvengren, 2010). 

Figure 10: Simple model of the human machine system. Translated from (Osvalder & Ulfvengren, 2010). 

2.2.2 CHALLENGES WITHIN HMI AND AUTOMATION  

Several areas are mentioned to be important to address while designing the interaction 
between human and automated vehicles, such as decision making (Bainbridge, 1983), situation 
awareness (Endsley, 1997), mode awareness (Leveson, et al. 1997; Sarter & Woods 1995) 
mental workload (Boyer, et al. 2015; Merat, et al. 2012) and in the loop (Endsley 1997; IHRA 
2011; Merat, et al. 2012).  

According to Bainbridges (1983) article regarding challenges for automated systems in 
industrial processes, an important aspect of cognitive skills, for an operator in automated 
systems, is that decisions are made within the operator’s knowledge of the state of the system. 
The operator will only be able to make quick decisions on minimal information when taking 
over manual control from automatic. The operator will not be able to make decisions on wide 
information unless there is enough time to do so (Bainbridge, 1983). 
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Endsley (1997) also mentions the importance of maintaining situation awareness during a 
flight, a critical factor to address while developing and designing new systems. Even though a 
high level of automation is possible, it might not be desirable if it compromises the pilot’s 
situation awareness. The automation can be designed in a lower level to always keep the pilot 
aware of the situation and thus being able to perform critical functions when necessary 
(Endsley, 1997).  

Leveson, et al. (1997) describes how systems with several different modes not only offer 
improved flexibility and more capabilities, but also intensifies the important task of 
maintaining mode awareness, which is another challenge within HMI. Sarter and Woods 
(1995) states that mode awareness is important when the operator needs to be able to 
understand what their machine is doing, what it will do and why to avoid accidents or mode 
errors when the user loses track of in which mode the system is currently running in. If the 
user is confused regarding current mode of the system, there is a risk that the user will make 
inappropriate actions for the mode (Sarter & Woods, 1995). 

Merat, et al. (2012) states that the drivers mental workload and its effects during highly 
automated driving is currently not well understood, more subjective and objective measures 
are required to understand the changes in workload and it is therefore a challenge in the 
development of HMI for automation. Boyer, et al. (2015) describes the differences between 
mental workload and task load. Task load is an action required of an operator to execute a 
task and is independent of prior experience or subjective response while mental workload is 
the response individual’s response to the demands of the task load. Humans are limited by 
their mental processing resources and in order to perform at the highest levels of mental 
capacity throughout critical situations, operators should be properly attentive and engaged to 
the monitoring task so that they can quickly and proficiently respond (Boyer, et al., 2015). A 
study made by Merat, et al. (2012) showed that drivers did not perform well in regaining 
control of the vehicle after a period of work underload due to vehicle automation. 

Another challenge described by IHRA (2011) is that an over-rely on an automated vehicle may 
lead to drivers becoming passive observers and a decrease of their normal awareness of the 
driving situation, and thus out of the loop. Merat, et al. (2012) proposes that it is of great 
importance to keep the driver in the loop during automated driving to ensure that the driver 
is able to regain control of the vehicle if it becomes necessary. This is a challenge during highly 
automated driving due to the driver’s freedom of being able to perform secondary tasks, i.e. 
performing another task such as using a phone, thus slipping out of the loop (Merat, et al., 
2012). Endsley (1997) state that the user’s performance during a failure in the automation of 
aircrafts is significantly better during lower levels of automation that requires some human 
interaction with the system. To require the user to perform some tasks during an automated 
drive may contribute to the driver being much more in the loop compared to high levels of 
automation where no interaction is needed (Endsley, 1997).  

2.2.3 SYSTEM FEEDBACK  

Norman (1990) describes feedback as essential for the appropriate monitoring of actions of 
automation in industries. If feedback is absent then the operator might not know if the 
request has been received or if problems have occurred (Norman, 1990). Appropriate 
feedback from the interaction between the user and the system is of great importance for 
correct interpretation (Leveson, et al., 1997). Feedback is also necessary to learn the task and 
systems behavior and automation needs continual feedback about the situation in a natural 
way (Norman, 1990). 

Using different tools by touching, holding, feeling, inspecting and moving them around are a 
basis of the human evolution, as Hinckley (2003) describes. It is in our human nature to 



16 Theoretical framework 

interact with objects using our hands and physical senses. While the functions and capabilities 
of modern technologies are ever evolving, humans are most likely stuck with our existing 
senses and abilities of perceiving the world around us. It is therefore of great importance to 
widely research the possibilities within interaction to make utter use of our different senses 
(Hinckley, 2003).  

Feedback can be given to a driver in many different forms such as visual (Bainbridge 1983; 
Brewster 2003; Larburu, et al. 2010; Ware 2008), auditory (Baldwin & Lewis 2014; Brewster 
2003), haptic (Baldwin & Lewis 2014; Chang, et al. 2011; Chun, et al. 2012; Flemisch, et al. 
2008b; Hinckley 2003; Maag, et al. 2015; Meng & Spence 2015) and multimodal feedback 
(Chang, et al. 2011; Ferrè & Haggard 2015; Haas & van Erp 2014; Lange, et al. 2015; Meng & 
Spence 2015).  

2.2.4 VISUAL FEEDBACK 

Ware (2008) argues that when something needs to stand out visually from the surrounding, 
e.g. differentiating color, size, shape and movement can be used. The same principal can also 
be used when several things stand out by using different visual characteristics. Motion is an 
important tool for visual attention, but rapid movement can be irritating if used often. Rapid 
motion is useful for signaling that something is not right (Ware, 2008). In uncommon events 
that quickly needs to be noticed by the driver Bainbridge (1983) states that the operator 
needs to be given artificial assistance and if required even alarms on alarms can be a solution. 
But alarms, such as flashing lights, can unfortunately have the opposite effects than intended 
and confuse the operator (Bainbridge, 1983) 

Larburu, et al. (2010) claims that visual feedback alone is not sufficiently to ensure that 
information is understood when it is supposed to be understood. Haptic and auditory 
information is also needed (Larburu, et al., 2010). Brewster (2003) argues that modern visual 
graphics uses the human visual system to a high level. If there is too much information to look 
at these is a risk for overload in the vision field that can lead to missing important information 
(Brewster, 2003). 

2.2.5 AUDITORY FEEDBACK 

Brewster (2003) describes that compared to, e.g. visual feedback that is limited to the field of 
vision and the fovea, sound can be heard from every direction in the user environment. In 
many situations it is the ears that points out to the eyes in which direction to look. If an 
interesting sound occurs in our surroundings we will turn our head in that direction to gain 
information in what the origin of the sound was (Brewster, 2003). 

Brewster (2003) mentions several advantages with using auditory feedback. One advantage is 
that sound grabs your attention and it is much harder to ignore a sound compared to simply 
choosing not to look at a visual element. Sound can also be used for reducing the load on the 
visual system, reducing the demands on visual attention and to reduce the amount of 
information needed on a screen (Brewster, 2003). Soft tones should be used for regular 
positive feedback and harsh sound for rare feedback (Shneiderman, 1997). Brewster (2003) 
also mentions some disadvantages with using auditory feedback such as the difficulty of 
communicating	   absolute	   data	   and	   the	   need	   to	   ensure	   that	   the	   auditory	   feedback	   isn’t	  
annoying to the driver. There is also the fact that the sound disappears after being presented 
that should be kept in mind when using auditory feedback (Brewster, 2003). 

Auditory signals can effectively be used for critical signals, according to Baldwin and Lewis 
(2014). Auditory signals has a higher perceived annoyance rating compared to other signals 
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and should thus be used for less frequent alarms. The urgency perceived for signal words such 
as	  “Danger”	  was	  greater	  than	  for	  instance	  “Warning” (Baldwin & Lewis, 2014). 

2.2.6 HAPTIC FEEDBACK 

Flemisch, et al. (2008b) argues that the interaction between the driver or pilot and the 
different levels of automation needs to be easy to comprehend and should have a high level of 
consistency. It could be suitable to use haptic feedback for this cause, due to its proven 
performance in contributing to a better driving performance, high level of acceptance and 
reduced driver workload compared to other signals. As Hinckley (2003) describes, haptic 
feedback can be described as feedback from force when forces are communicated to the user 
or tactile feedback as when vibrotactile stimuli are communicated to the user.  

According to Flemisch, et al. (2008b), an advantage related to haptic feedback is that the 
feedback can be given directly in the actuator where a reaction from the driver is required, e.g. 
a vibration in the steering wheel to indicate that a steering maneuver is required. The 
feedback can also be used to indicate what kind of reaction that is wanted from the driver, e.g. 
slightly turning the steering wheel in the wished direction. Haptic interaction can also be 
described as bidirectional, meaning that a continuous communication between the driver and 
the vehicle can be held, e.g. the driver resisting a steering indicated by the steering wheel by 
simply resisting the indication by force (Flemisch, et al., 2008b). Maag, et al. (2015) argues 
that haptic signals created by automated steering actions will alert the driver efficiently, given 
that the driver’s hands are placed on the steering wheel. 
Flemisch, et al. (2008b) argues that haptic communication between driver and vehicle such as 
warnings by vibrations, steering advices for lane keeping or by communicating distinct signals 
directly to the driver. Meng and Spence (2015) states that dynamic vibrotactile signals, by 
means of manipulation of the pattern of vibration, is more effective and more promising for 
future use to convey warnings compared to static vibrotactile signals. Vibrotactile signals 
could effectively be used for orientation of the driver’s spatial attention and for directional 
information (Meng & Spence, 2015). 

Baldwin and Lewis (2014) argue that a change in signals for the tactile sensory system implies 
the largest perceived urgency rating together with a smaller impact on the annoyance 
experienced compared to other signals. Tactile warnings could be used to communicate 
critical warning signals (Baldwin & Lewis, 2014). 

2.2.7 MULTIMODAL FEEDBACK 

Lange, et al. (2015) argues that the driver should be able to keep his/hers mental picture of 
current system status and upcoming changes in the system well updated without effort. This 
is done by continuously observing the environment while adapting multiple sensory channels. 
Even in a partially automated vehicle, the driver will not steadily monitor a display over a 
longer time period to keep updated about present system status. The driver will use other 
senses, apart from the visual, to be aware of the state of the drive such as the vehicles motion 
behavior. Consequentially, the vehicle should drive in a way so that the driver can perceive 
what is happening without having to continuously observe an HMI display (Lange, et al., 
2015). 

Multimodal warnings are effective in challenging environments and under high levels of 
workload (Haas & van Erp, 2014). The use of multimodal signals is beneficial rather than 
signaling only through a haptic sensory (Chang, et al., 2011). But Chang, et al. (2011) 
advocates that any different signals sent to the driver at the same time can be confusing to the 
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driver. Meng and Spence (2015) opine that the signals used in a vehicle should be consistent 
to avoid driver confusion. 

2.2.8 SUMMARY DESIGN FOR HUMAN MACHINE INTERACTION 

Interaction between users and machines can take place through e.g. displays, buttons, 
joysticks or keyboards (Osvalder & Ulfvengren, 2010). While both driver and the automation 
are able to control the vehicle, a cooperation takes place where the interface serves as the 
communication tool for a joint action (Flemisch, et al., 2008b). A challenge for automated 
systems is the operators knowledge of the state of the system (Bainbridge, 1983), the 
operator needs to be able to understand current and possible future system modes to avoid 
accidents (Sarter & Woods, 1995), staying in the loop to be able to regain control if necessary 
(Merat, et al., 2012) and being properly attentive monitoring the system to be able to respond 
quickly and proficiently when needed (Boyer, et al., 2015). 

Appropriate feedback is essential for appropriate monitoring (Norman, 1990) and for correct 
interpretation from interaction between user and vehicle (Leveson, et al., 1997). Modern 
visual graphics uses a plenty amount of the visual system although too much visual 
information could lead to an overload in the visual field and a risk of missing important 
information (Brewster, 2003). For visual attention, motion is an essential tool, rapid motion 
can be used to signal if something is not right although it should be used carefully due to the 
risk of being irritating if used to frequently (Ware, 2008). The driver will not be able to 
constantly monitor a screen for feedback about system status, but use multiple sensory 
channels such as sound and motion (Lange, et al., 2015). 

To reduce the demands on visual attention, sound can be used. Compared to visual feedback 
that is limited to the field of vision, sound can be heard from every direction. Auditory 
feedback also has the advantage of being much harder to ignore compared to just looking 
away to avoid visual feedback (Brewster, 2003). Auditory signals can be used to signal 
something critical, but they also have a higher annoyance rating compared to other signals 
and should thus be used for less frequent alarms (Baldwin & Lewis, 2014). 

Compared to other signals, haptic feedback has a higher level of acceptance and reduced 
driver workload. Another advantage is also that haptic feedback can be given directly where a 
reaction from the driver is needed, and can also be used for continuous communication 
between the driver and the vehicle (Flemisch, et al., 2008b). Haptic signals will alert the driver 
powerfully, given that the driver is positioned as expected when the feedback is given (Maag, 
et al., 2015). 

2.3 USER EXPERIENCE 
According to Gkouskos, et al. (2014) the vehicle interfaces of today enables communication of 
information and usage of different functions to a higher degree than the traditional vehicle 
ever has. As a result, the interfaces of vehicles faces UX related challenges similar to those of 
computers and smartphones. One major challenge in vehicles is to present all of the added 
functions and their related information and still maintain a simple, easy to understand and 
efficient interaction as well as providing an excellent UX (Gkouskos, et al., 2014).  

There are several definitions of the term UX. ISO 9241-210 defines UX as: 

“A person’s	  perceptions	  and	  responses	  resulting	  from	  the	  use and/or anticipated 
use of a product, system or service” (SIS, 2010)  
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The definition includes the user’s emotions, beliefs, preferences, perceptions, physical and 
psychological responses, behaviors and accomplishments that happen before, during and after 
use of a product. UX is described as a result of brand image, appearance, functionality, system 
performance, interactive behavior and assistive capabilities of the interactive system and the 
user’s internal and physical state (SIS, 2010).  

Hartson and Pyla (2012) describes UX as the total of the effect or effects felt by a user when 
interacting and using a system, device or product as well as the influence of usability, 
usefulness, and emotional impact during interaction and the impact of the memory after 
interaction. The emotional impact is the affective part of UX that affects the user’s feelings, e.g. 
fun, joy of use, aesthetics and desirability or deeper emotional factors such as self-expression, 
self-identity and pride of ownership (Hartson & Pyla, 2012). Law, et al. (2009) recommends 
that UX is taken into account for products, systems, services, and objects that a person 
interacts with through a user interface. 

2.3.1 CHALLENGES WITHIN USER EXPERIENCE 

SIS (2010) argue that there is a misconception that usability only refers to a product being 
easy to use and that usability instead should be defined as the extent to which a system, 
product or service can be used by a user to achieve a goal effectively, efficiently and 
satisfactory. Usability refers to the pragmatic aspects of UX, such as effectiveness, efficiency, 
productivity, ease-of-use, learnability, retainability and user satisfaction (Hartson & Pyla, 
2012). Ease of use is a vital part of UX but refer to the degree to which a person believes that 
using a system would be free of effort (Davis, 1989).  

Hassenzahl (2003) defines user satisfaction	   as	  when	   a	   person’s	   expectations	   regarding	   the	  
result of using a certain product is achieved during the use of that product. On the contrary 
from user satisfaction, the user’s experience of joy or pleasure does not call for any certain 
expectations. When using a product, pleasure can instead be described as when you find a 
beneficial function in the product that you did not expect to find (Hassenzahl, 2003). 
Tractinsky and Zmiri (2006) found distinguishes between pleasant and satisfying experiences. 
Pleasant being associated with the experience of perceiving something aesthetic appealing 
and satisfying as being associated with the perception of usability (Tractinsky & Zmiri, 2006).  

Another vital part of UX is referred to as the ability to use a system or product to accomplish a 
goal through which is described as usefulness (Hartson & Pyla, 2012). Usefulness is the degree 
of which a person believes that a system will contribute to the performance of the person’s 
performance (Davis, 1989). 

When the term UX is used from a	   user’s	   perspective it can include the perceptual and 
emotional aspects associated with UX and criteria’s for usability can therefore be used to 
evaluate aspects of UX (SIS, 2010). Gould & Lewis (1985) suggests three principals to enhance 
usability because of the complexity emerging in systems; early focus on users, empirical 
measurements, and using an iterative design process.  

2.3.2 PERSPECTIVES OF USER EXPERIENCE 

Hassenzahl (2003) proposes a model of the key elements of user experience from two 
different perspectives; the designers and the users, see Figure 11. The product features 
chosen by the designer contributes to the intended character that the product will have. The 
product features includes contents, functionality and intended style for product presentation 
and interaction. The character of the product can be described as a summation of the products 
attributes at a general level, such as useful, exciting, innovative or easy to use. The characters 
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are divided by Hassenzahl (2003) into two different kinds, pragmatic and hedonic attributes, 
which are described in Figure 11.  

From the user’s perspective, the apparent product characters are individually interpreted 
while being introduced to the product for the first time, as Hassenzahl (2003) describes. This 
individual idea of the product characteristics, in a certain usage situation, leads to 
consequences. These consequences can be opinions about product appeal, opinions about the 
product	  being	  useful	  or	  not,	  if	  it’s	  satisfying	  and	  if	  the	  user	  will	  be	  willing	  to	  use	  the	  product	  
often (Hassenzahl, 2003). 

Figure 11: Key elements of user experience from the designers and the user’s perspective. Translated 
from (Hassenzahl, 2003). 

2.3.3 QUALITY PERCEPTION IN USER EXPERIENCE 

Hassenzahl (2004) separates between two categories of quality perception; pragmatic and 
hedonic. Pragmatic is described as the products capability to support the accomplishment of a 
behavioral	  goal,	  such	  as	  functionality,	  usability	  and	  ease	  of	  use.	  Hedonic	  quality’s	  on	  the	  other	  
hand refers to the	  users	  self,	  such	  as	  the	  products	  ability	  to	  stimulate	  the	  user	  and	  the	  user’s	  
identification with the product, or that it brings memories (Hassenzahl, 2004). Attributes such 
as	   “impressing”,	   “astonishing”,	   “exciting”	   and	   “interesting”	   are	   typical	   hedonic	   attributes	  
(Hassenzahl, 2003). To summarize with an example of needing to put a nail into a wall, you 
may buy a hammer to be able to accomplish the task without much effort from the pragmatic 
view. From the hedonic point of view however, you may want to buy a certain brand to look 
professional or you may want to use your grandfather’s old hammer because it gives you 
memories (Hassenzahl, 2003). 

Hassenzahl (2001) also describes that hedonic qualities are connected to humans need for 
novelty, change and social status. This can be achieved by e.g. visual design, novel interaction 
techniques or novel functionality (Hassenzahl, 2001). Novel products are those that are seen 
as new and are recently created and original (Cambridge, 2010). Sarkar and Chakrabarti 
(2011) describes how the novelty of a product can be assessed by comparing the 
characteristics of a product to the characteristics of other products that are available at the 
same time and are meant to fulfill the same need. The assessment indicates how novel the 
product is compared to the other product with respect to their characteristics. A product can 
be seen as having some novelty if the product fulfills a need for the first time, thus comparing 
the product both historically and in terms of functionality (Sarkar & Chakrabarti, 2011). 
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Hassenzahl (2003) describes that depending on the combination of pragmatic and hedonic 
attributes in a product, it can be described in different ways, see Figure 12. A combination of 
strong hedonic and pragmatic attributes makes a desired product, and the opposite will be an 
unwanted product. A product with strong hedonic attributes and weak pragmatic (SELF) will 
be a product that fulfills the users behavioral goals and the opposite (ACT) will be a product 
that is simply used for its functionality (Hassenzahl, 2003).  

Figure 12: Combination of hedonic and pragmatic attributes in a product. Translated from 
(Hassenzahl, 2003). 

2.3.4 USER EXPERIENCE OVER TIME 

Temporality, i.e. the development of experience over time, is an aspect that has been 
neglected, according to Karapanos, et al. (2009). Users will get more familiar with a product 
over time and the perceived quality of a product is likely to change. The importance of 
different qualities is also likely to change over time. Some qualities may be more important in 
the beginning of the experience while other are crucial in the long term, e.g. learnability and 
novelty may be crucial initially while other aspects	   such	  as	   the	  product’s	  usefulness	   can be 
important for the long term use (Karapanos, et al., 2009). 

Figure 13: Temporality of experience. Translated from (Karapanos, et al., 2009). 
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Karapanos, et al. (2009) describes this as important because not only the initial acceptance is 
important but also the value over time. Karapanos, et al. (2009) proposes a framework for the 
temporality of experience which is shown in Figure 13.  

Experience of the adoption of a product is described in three phases; orientation, 
incorporation and identification, as described by Karapanos, et al. (2009). These phases 
present different qualities of the experience from the interaction with the product. Familiarity, 
functional dependency and emotional attachment are responsible for the transition between 
the phases. Anticipation is defined as the act of anticipating and experience due to 
expectations before any experience has occurred. Orientation	   is	   described	   as	   a	   user’s	   first	  
experience which is influenced by excitement and frustration due to learnability and novelty. 
Incorporation symbolizes the product becoming meaningful in the daily life where long-term 
usability and usability becomes important for the judgment of the product. Identification 
refers to the state where the product is becoming a part of the self-identity, social interactions 
and accepted in the daily life and thus a part of the social experiences (Karapanos, et al., 
2009). 

2.3.5 SUMMARY USER EXPERIENCE 

Vehicles of today incorporate more and more added functions and there is a challenge to 
present all these added function and keep a simple, easy to understand and efficient 
interaction as well as providing an excellent UX (Gkouskos, et al., 2014), where UX is defined 
as a person’s	  perceptions	  and	  responses	   resulting	   from	   the	  use	  and/or	  anticipated	  use	  of	  a	  
product, system or service (SIS, 2010). There are several important terms when discussing UX 
such as usability (Hartson & Pyla, 2012), user satisfaction, pleasure (Hassenzahl, 2003), ease 
of use and usefulness (Davis, 1989). All aspects play different roles in the in the experience of 
product and system and all contribute to the development of a UX (Hartson & Pyla, 2012).  

When discussing the perception of UX, different qualities can be divided into two categories; 
pragmatic and hedonic, according to (Hassenzahl, 2004). Pragmatic qualities are the products 
capability to support the accomplishment of a behavioral goal and hedonic refers to the users 
self, such as the products ability to stimulate the user (Hassenzahl, 2004). Hassenzahl (2001) 
describes that hedonic qualities are linked to humans need for novelty, change and social 
status. Novel products are those that are seen as new and are recently created and original 
(Cambridge, 2010). 

Another aspect that influences UX is the temporality of experience overtime, as described by 
Karapanos, et al. (2009). Different qualities will be of different importance during different 
stages of a relationship between a user and a product (Karapanos, et al., 2009). 
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CHAPTER 3  

METHODS 

The methods used in the thesis are presented in this chapter. 

3.1 USER-CENTRED DESIGN 
User-centred design is an approach in design and product development to enable more usable 
interactive systems by focusing on the user and the usage of the system together with human 
factors and ergonomic knowledge in the process, according to ISO 9241-210 (SIS, 2010).  

By involving the users in design and development, valuable knowledge about the user 
environment, tasks and how users are likely to work with the future product can be contained 
(SIS, 2010). Gkouskos, et al. (2014) opine that designers must have a deep understanding of 
the target users, their needs and wishes in order to be successful in their work. Ulrich and 
Eppinger (2008) describes that there are user driven products versus technology driven 
products and a range in between. Vehicles are situated in the middle of these two and it is 
therefore important with an amount of user involvement in the development process (Ulrich 
& Eppinger, 2008). A group of experts can also be used in the developing process for 
evaluating and testing concepts, e.g. when a new interface for a product is to be evaluated, 
people that have experience and knowledge in using that product can be used (Osvalder, et al., 
2010). 

Iteration is described by ISO 9241-210 (SIS, 2010) as an important aspect of the user-centred 
design process to remove uncertainty in the development process. This implies revising 
descriptions, specification and prototypes during the process when new knowledge has 
emerged so that the concept will end up meeting the user requirements.  

Four activities should take place in a user-centred design process once the problem have been 
defined; (i) understanding and specifying the context of use, (ii) specifying the user 
requirements, (iii) generate design solutions and (iv) evaluate the design. The users should be 
actively involved in the process by taking part in the design process, contributing with 
relevant data or evaluating solutions (SIS, 2010). 

3.2 EXPLORATORY METHODS 
The methods that were used during the exploration phase is presented below in the order 
that they were used. 
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3.2.1 INTERVIEW 

Ulrich and Eppinger (2008) describes interview as a common method for gathering customer 
needs data. The interview is usually held in the customer’s environment where one or more 
members of the team discuss needs related to the product with a customer (Ulrich & 
Eppinger, 2008). An interview collects	   a	   user’s	   opinion	   and	   can	   be	   divided	   in	   to	   three	  
categories: structured, semi-structured and non-structured (Osvalder, et al., 2010). A semi-
structured interview is conducted with a prepared structure of the interview but with the 
ability to ask supplementary questions. This provides conditions for a systematic analysis but 
with the freedom for the interview to form the discussion (Osvalder, et al., 2010).  

Osvalder, et al. (2010) describes the advantages with conducting interviews as information 
gathering method as being a subjective and flexible method. The interviewer can ask 
supplementary questions during the interview and ask for explanations if the answers are 
unclear and avoid misconception. The disadvantage with the method is that the interviewer 
has to be present during the interview and can therefore influence the answers. The collected 
data is also self-reported and may therefore not agree with the actual situation (Osvalder, et 
al., 2010). Johannesson, et al. (2013) describes interview as a qualitative method which is 
especially useful for investigating the products soft values from the user’s point of view 
(Johannesson, et al., 2013). 

3.2.2 AFFINITY DIAGRAM 

Affinity diagram, is according to Baxter, et al. (2015), a method for analyzing qualitative data, 
such as interviews or observations, in a relatively quick and useful way. The diagrams is 
created by collecting key data from each participant, e.g. comments, observations, questions 
or design ideas, and write each on an individual note. The cards are shuffled to avoid 
statements being associated to each other before sorting. The notes are placed on a wall or 
whiteboard and similar findings are physically grouped together to identify themes or trends 
in the data (Baxter, et al., 2015).  

Hanington and Martin (2012) describes that affinity diagram helps designers in the design 
process to synthesize tacit knowledge and data buried in interview transcripts. It helps 
designers to capture all data collected from interview and observations and to consider all 
implications on its own. The results that emerge from the work are information about the 
user, its task and the nature of their problem. Kuniavsky (2003) describes that affinity 
diagram is beneficial because it communicates the users need to the development team and 
maximizes the use of the collected data. 

3.2.3 OBSERVATION 

The aim of performing an observation is, according to Osvalder, et al. (2010), to gain insights 
in the user situation for the product and environment of concern. The user is observed while 
using the product without interruption of any event. The observant is thereby able to better 
understand the everyday handling of the product in its natural environment. Knowledge 
about people’s behavior that they are not always aware of can be found (Osvalder, et al., 
2010).  

3.2.4 USE CASE 

A use case describes, according to Cockburn (2001), a systems behavior to a request from the 
primary actor of a system under certain circumstances. The primary actor interacts with the 
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system to accomplish a goal. Different scenarios appear depending on the request made and 
the conditions surrounding. A use case documents the different scenarios and clearly presents 
the surrounding conditions. Use cases present a clear picture of how the system will behave in 
use (Cockburn, 2001). 

3.2.5 PERSONA 

Hanington and Martin (2012) propose that personas unite archetypal descriptions of user 
behavior patterns to representative profiles. The personas help to humanize design focus, test 
scenarios and aid design communication. In design processes with the user in focus, the 
developer needs to understand the user but designing for every user can be a challenge or 
result in incoherent solutions (Hanington & Martin, 2012). Personas can, according to 
Kuniavsky (2003), help in the design process by functioning as a shared reference point.  

Kuniavsky (2003) propose that personas should be conducted from internal interviews, data 
from users, market research reviews, usage data and customer feedback review. To construct 
a persona common threads and problems from the data collected should be identified and 
summarized. Patterns in the interviews and usage data should be investigated to consider 
what aspects of the users that drive their goals and needs. The process of creating personas 
can be beneficial in its self for the development process because it communicates a shared 
understanding of the users, their perspective and their problems (Kuniavsky, 2003). 

3.2.6 DESIGN CRITERIA 

Formulating design criteria, or target specifications, is a way to describe in a precise way what 
a product has to do, as described by (Ulrich & Eppinger, 2008). These criteria are set early in 
the process to represent the expectations for the result of the process. The criteria is 
formulated from identified user needs as well as constraints imposed by requirements related 
to the chosen area for the product concept (Ulrich & Eppinger, 2008). 

3.3 IDEATION METHODS 
The methods that were used during the ideation is presented below in the order that they 
were used. 

3.3.1 LOTUS BLOSSOM 

Lotus Blossom is described by Michalko (2010) as a creative thinking technique created by 
Yasuo Matsumar of Clover Management Research in Chiba City, Japan. The methods help to 
diagrammatically investigate a problem or idea. The method starts with deciding which 
problem or idea to investigate and written in the middle of a board. The problem or idea is 
expanded in to different themes which are used as entry points and placed around the main 
idea or problem as pedals on a lotus. The themes surrounding the main idea or problem are 
used as the central theme for the surrounding lotuses. The same process is performed on 
every theme until the theme is comprehensively explored so that eight new ideas or 
applications are generated for every theme (Michalko, 2010). Lotus Blossom benefits the 
development process because it assists with finding structured solutions and ideas which can 
be prioritized in various ways (Robier, 2016). 
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3.3.2 BRAINSTORMING 

Brainstorming, is according to Osvalder, et al. (2010), a method for generating ideas in groups. 
The method is generally performed workshop or seminar contexts with the goal to generate 
as much ideas as possible on a specific problem. During the Brainstorming, thinking out of the 
box and unconventional thinking should be encouraged. No critic is allowed so that creativity 
is not inhibited (Osvalder, et al., 2010). Johannesson, et al. (2013) Propose four ground rules; 
no critic allowed quantity is sought, go out of the box and combine ideas. The group should 
consist of one leader (Johannesson, et al., 2013) and it is suitable that one documents during 
the process (Osvalder, et al., 2010). The selecting of participants is important for the result of 
the method and diversity should be strived for. All ideas are documented during the 
brainstorming and later evaluated (Osvalder, et al., 2010). 

3.3.3 REVERSED BRAINSTORMING 

Reverse brainstorming is a method for creating ideas, according to Evans (2012). The method 
is performed like a brainstorming session with the exception of focusing on how not to solve 
the	  problem.	  The	  method	  starts	  with	  formulating	  a	  reversed	  question,	  e.g.	  “How	  can	  I achieve 
the	  opposite	  effect?”.	  Brainstorming	  is	  then	  performed	  about	  the	  negative	  topic	  and	  no	  ideas	  
are rejected at this stage. The negative ideas are used to generate positive ideas to the 
problem. The method Reverse brainstorming produces more ideas and less interruption than 
traditional Brainstorming because most people find it easier to be judgmental and critical 
than creative and finding solutions to a problem (Evans, 2012). 

3.3.4 BRAINWRITING 

Brainwriting is described by Osvalder, et al (2010) as a similar method to Brainstorming but it 
is performed individually on paper. All the participants draw three columns on a paper and 
draw or write on solution in every column for specific problem that are presented by the 
leader. The participants have five minutes to generate the ideas then the paper is rotated 
between the participants. The task is to continue on the previous persons ideas, further 
develop the ideas or formulate new ideas. The process continues until the papers have rotated 
one round (Osvalder, et al., 2010). 

3.3.5 RANDOM INPUT 

Random input is described by De Bono (2010) as a method that is used to challenge the 
thinking pats. When looking at problems the human tend to settle on items which have some 
relevance to the established way of looking at a situation. In order to think in a different way 
than normal one has to generate random inputs deliberately. The method Random input 
creates conditions to think different. This is done by using a dictionary, or other material, and 
then randomly choosing words in the material. The word is then used when thinking of a 
problem or area regardless of its relevance to the subject (De Bono, 2010). 

3.3.6 WORKSHOP 

Workshops are efficient and entertaining ways to gather several participants from the 
company to conduct activity-based research as an input to the design process, as Martin & 
Hanington (2012) describes. A workshop commonly includes several activities, preplanned 
and arranged by the design team. It can be used as a contribution to the ideation, to verify the 
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direction of the development and to collect valuable insights from the participants. When 
preparing for a workshop, it is important to plan the effectuation thoroughly to be able to 
adapt to unexpected circumstances. It is also important to document activities and discussions 
during the workshop and to summarize the results after the workshop is completed (Martin & 
Hanington, 2012). 

3.3.7 BRAIN DUMPING 

Heck, et al. (2015) describes	  a	  method	  that	  they	  call	  “Brain	  dumping”.	  The	  method	  is	  used	  in	  
the beginning of a workshop to gather the participant’s spontaneous ideas and concerns about 
the topic for the workshop. The participants are asked to write their thoughts down on a 
paper and a short discussion is thereafter held to highlight important aspects and lead onto 
the topic for the rest of the workshop (Heck, et al., 2015). 

3.3.8 SIX THINKING HATS 

Six thinking hats is a role-play method by De Bono (1999) that is used in discussions to guide 
and help the thinking. The method Six thinking hats is based on six different roles represented 
with a color on a hat that is worn during the method. Each color represents a different 
approach to the problem. The different roles are presented to the participants in the group 
before starting and then rotated between the participants during the session (De Bono, 1999).  

The person wearing the white hat has, according to De Bono (1999), a neutral approach to the 
problem and focuses on what data that is available and what is needed. The red hat uses 
emotion and intuition and tries to understand how others are feeling or will feel. Black hat 
uses logic and has a critical approach and thinks about what can go wrong and what obstacles 
there are. Yellow hat provides the discussion with positive and optimistic viewpoint and 
focuses on the benefits. Green hat represents energy and creativity and generates new and 
innovative ideas to problems. The blue hat is worn by the people leading the session. The blue 
hat introduces the agenda, leads the discussion forward and ends the session (De Bono, 1999). 

3.3.9 DOT METHOD 

The Dot method, also called “pluppmetoden”, is a practical prioritizing method when choosing 
between a large number of ideas or subjects, as described by Morrissey and Olander (2005). 
All ideas or subjects are placed on a wall. The participants are all provided with a 
predetermine number of dots which are placed on the persons favorite ideas or subjects. The 
number of dots should be around a third of the total number of ideas. The ideas that have 
gathered the largest number of dots when all participants have placed their dots are chosen 
for further development (Morrissey & Olander, 2005). 

3.4 CONCEPT GENERATION METHODS 
The methods that were used during the concept generation phase is presented below in the 
order that they were used. 
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3.4.1 STORYBOARD 

A storyboard, as described by Ulrich & Eppinger (2008), is a series of images including the 
product. A storyboard can be used to describe a series of actions involving the product. It can 
also be used to communicate potential benefits associated with the product (Ulrich & 
Eppinger, 2008). 

3.4.2 PUGHS CONCEPT SELECTION 

To decrease the number of concepts possessed in an efficient way, Pughs Concept Selection is 
a good method to be used, according to Ulrich & Eppinger (2008). The method is a quick 
evaluation aiming at producing a fewer number of concepts out of dozens of ideas. When in 
the early stages of concept generation, a detailed quantitative evaluation may be hard and 
even inappropriate to practice, Pughs Concept Selection as an approximate, comparative 
method is a suitable method to use. The method is supported by a decision matrix, where the 
concepts or ideas are ranked according to selection criteria with one concept as the reference 
one. Starting from the reference concept, the other ones are given a +, 0 or - if it is valued as 
better than, same as or worse than the reference concept. The results are calculated and the 
concepts can then be combined or improved, and the implementation of the method can be 
iterated (Ulrich & Eppinger, 2008). 

3.4.3 SURVEY 

A survey is described by (Osvalder, et al., 2010) as a kind of structured interview without 
participation from the persons asking the questions. The respondents of the survey are able to 
fill in the form at any time, anonymously and undisturbed without any influence from the 
author. Another advantage with performing a survey is that all of the participants will receive 
the same information in the same order. The questions asked in the survey should be simple 
and well thought through. Scales to fill in is easy to fill in and will give a result that is easy to 
process. Open questions where the respondent is allowed to answer with own words can also 
be used when the author is unsure of what aspects that are important. Questions should also 
not be directional. The target group for the survey is important to have in mind when creating 
the form (Osvalder, et al., 2010). 

3.4.4 THE SELF ASSESSMENT MANIKIN 

The Self-Assessment Manikin (SAM) is described, by Bradley and Lang (1994), as a non-verbal 
graphic assessment technique. The method measures the pleasure, arousal, and dominance 
associated to a person affective reaction to stimuli. SAM is a rapid method to assessment 
fundamental dimensions in the organization of human emotional experience. SAM is useful 
when determining the subjective experience of emotion associated with processing most stimuli, 
and can be used with a variety of participants due to its non-verbal illustrations (Bradley & Lang, 
1994). Non-verbal report is advantageous when measuring emotions because it can be 
difficult to express emotions verbally (Desmet, 2002). 

The assessment is made with an illustrated non-verbal scale in three dimensions; pleasure, 
arousal and dominance. The illustrations ranges from a smiling figure to an unhappy figure for 
the pleasure emotion, exited to relaxed in the arousal dimension and the dominance 
dimension represents changes in control with changes in the size of the illustrated SAM, see 
Figure 14. The respondent marks the scales, either on or between the figures which results in 
a nine-point scale (Bradley & Lang, 1994). 
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Figure 14:The self-assessment manikin scale. From top to bottom; pleasure, arousal and dominance. 
(Bradley & Lang, 1994)  

3.4.5 SKEWING 

Lundgren and Gkouskos (2013) describe Skewing as a structured ideation method focused on 
interaction design. The method targets interaction and interaction-related properties of 
artifacts, which makes it useful for interaction design. Summarized the method can be 
described as analyzing an existing artifact using a framework consisting of properties 
describing interaction and changing the properties to generate ideas (Lundgren & Gkouskos, 
2013). 

To perform the method, in accordance to Lundgren and Gkouskos (2013), an interactive 
artifact is chosen to redesign and a suitable framework is selected to use when analyzing and 
redesigning. The framework should be chosen to function as a steering wheel for the design. 
The chosen artifact is analyzed using the properties of the framework to make the 
participants familiar with the terms. To generate new ideas one or several properties are 
changed and all ideas are documented. The most promising, odd or interesting idea is chosen 
and evaluated by constructing negative and positive scenarios of use (Lundgren & Gkouskos, 
2013). 

3.5 CONCEPT SELECTION METHODS 
The methods that were used during the concept selection is presented below in the order that 
they were used. 

3.5.1 CONCEPT SCORING 

As descried by Ulrich & Eppinger (2008), Concept Scoring is a method for rating, ranking and 
selecting a single best product concept out of a few number of concepts. The method is 
supported by a decision matrix where all of the remaining concepts are compared to selection 
criteria which are also weighed according to their relative importance. Each concept is rated 
on a scale from 1 to 5 with respect to each selection criteria. The ratings are multiplied by the 
criteria weights, and the resulting scores are summed for each concept. The concept which 
has the highest total score is ranked as the winning concept (Ulrich & Eppinger, 2008). 

When the scoring is completed, the certainty in the different rankings and ratings should be 
discussed. Uncertainty in one rating could have an impact in the choice of concept. In some 
cases a lower scored concept can be chosen prior to the winning one if the concept proves to 
be less desirable or less safe when learning more about it (Ulrich & Eppinger, 2008).  
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3.5.2 COMBINING AND IMPROVING CONCEPTS 

After the concept generation phase, Ulrich & Eppinger (2008) proposes that an improvement 
of concepts can be made by searching for changes and combinations of concepts. Generally, 
the concept generation process is completed before entering the concept selection phase. 
Although it can be in the concept selection phase, when the design team finds strengths and 
weaknesses with characteristics of a concept, that the most creative improvements and 
modifications of concepts takes place (Ulrich & Eppinger, 2008). 

3.6 CONCEPT EVALUATION METHODS 
The methods that were used during the concept evaluation phase is presented below in the 
order that they were used. 

3.6.1 PROTOTYPING 

By making simple prototypes, of e.g. paper and pencil, it is possible to make a quick and cheap 
tool for effective testing and evaluation of design ideas with users (Rettig, 1994; Sears & Jacko, 
2007). Using simple prototypes is a suitable way of evaluating and testing design ideas early 
in the development process where broad pictures are viewed (Rettig, 1994). Prototypes can 
be used in many different ways for illustrating and supporting interaction (Sears & Jacko, 
2007).The prototype should be used for modeling and testing functions rather than 
illustrating the design of the concept (Rettig, 1994). 

3.6.2 USABILITY TEST 

According to Osvalder, et al. (2010), a usability test can be used for evaluating the user 
friendliness of a concept in terms of satisfaction and goal achievement. Already operating 
machines, computer based interfaces, simple models or prototypes can all be used as tools for 
the test. Problems that are found in a usability test will also likely be problems occurring in a 
real using situation (Osvalder, et al., 2010). 

The participants in the test should be ones similar to the target user for the concept, as 
Osvalder, et al. (2010) describes. It is also possible to use experts as participants in the test to 
gain expert insights in a development of an existing product. The evaluation is often 
performed according to a predefined set of tasks. A homogenous group of 6-8 persons are 
commonly used to participate and the duration should not be longer than 60 minutes. It is 
important that all participants are treated in the same way during the test. For quantitative 
data, the analysis of the test can be done by noting the duration time of a task and problems 
that occur during the test. Interviews and subjective valuations can be performed after a task 
is completed to gather qualitative data, gain insight in the users thoughts about the concept, 
which concept that was experienced to be the best one and why (Osvalder, et al., 2010). 

3.6.3 THINK ALOUD 

During a user test involving interaction with a concept, the participants may be asked to 
“think	   aloud”,	   according	   to	   Osvalder, et al. (2010). This will enable the designers to 
understand and to follow what is going on inside the users head during the test. The 
processing of information as well as problems and questions that the user experiences during 
the test may thereby be unfolded to the designers (Osvalder, et al., 2010). 
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3.6.4 EXPECTATION MEASURE 

Tedesco & Tullis (2006) describes that what seems to be the most commonly used usability 
rating	  scale	  for	  post	  task	  evaluation	  is	  a	  scale	  ranging	  from	  1	  to	  5	  representing	  “very	  difficult”	  
to	   “very	   easy”.	  Tedesco & Tullis (2006) has evaluated this method to being reasonable for 
evaluating difficulties in tasks and also a simple rating scale appropriate to use in tests with 
smaller sample sizes. 

Tullis & Albert (2013) describes a comparison of pre and post task measures to give 
interesting insights when scattered in a plot. Tasks that on beforehand was expected to be 
easy but turned out to be difficult is the ones that should be focused on to improve. The 
opposite tasks are judged as pleasant surprises. The tasks that were expected to be easy and 
also turned out to be is the ones that you should not touch, which are working just fine. And 
lastly, the ones expected to be difficult and also experienced to be are the ones where big 
opportunities for improvements exists (Tullis & Albert, 2013). 

3.6.5 SEMANTIC DIFFERENTIAL 

The semantic space of a concept can be examined by making users rate the concept according 
to a list of bipolar scales, as described by Laird Landon (1971). The procedure is to present 
different concepts to the user, one at a time, and asking them to rate the concept along with 
the bipolar scale of descriptive words. The results are then compared to an ideal rating, which 
can also be determined by the users. The concept that has been ranked closest to the ideal 
concept will be judged as the winning one. The order of the presentation of the concepts can 
be altered the results then compared (Laird Landon, 1971). 
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CHAPTER 4  

PROCESS AND PROJECT PHASES 

The overall process and project phases are described in this chapter, along with the parts 
included in each phase. 

To fulfill the purpose and answer the thesis questions, a user-centred design process was 
performed. The project has consisted of three overall phases that led to a final concept; 
exploration, concept development, and concept evaluation. Several methods were used in the 
phases (see overview in Figure 15). The phases are described in the following sections. 

Exploration phase 

Exploratory methods were initially used for problem exploration and formulation to gain 
knowledge in the outset of the project and defining the user, use case and user needs. The 
problem was formulated as a background for the concept development and to address Q1. 

Users were involved in the exploration phase to understand and describe the user and user 
environment for the use case. Design criteria were also formulated to define the user needs 
and the desirable attributes for HMI and UX in Q2. 

Concept development phase 

In the concept development phase several concepts were created addressing Q1. Different 
ideation methods were used to produce ideas that are were later transformed into design 
solutions and to complete concepts. Experts were consulted during the concept selection to 
gain expert insight and a final concept was chosen. A design for the final concept was 
produced during the concept refinement phase. 

Concept evaluation phase 

The final concept was evaluated in the concept evaluation phase. Expert users were involved 
by performing tests on the concept. The concept was evaluated compared to a concept with a 
button for activation. Finally, according to the results from the user tests, some changes and 
improvements were made to the final concept. 

 

Figure 15: Process and project phases. 
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CHAPTER 5  

EXPLORATION 

This chapter describes the exploration phase including problem exploration and problem 
formulation. 

5.1 PROBLEM EXPLORATION 
The problem exploration investigates the targeted user, the user task and the user 
environment to get user input in the development process. The data is collected from 
interviews and observation. 

Figure 16: Process problem exploration. 

5.1.1 INTERVIEWS 

Interviews were conducted with four truck drivers at PostNord in a closed room where one 
person asked the questions and one took notes. The questions used in the interviews are 
presented in Appendix A and were formulated to investigate the user environment while 
driving a truck as well as wants, needs and personal opinions. The drivers ranged from 25-55 
years old, with a total of one female and three males. The interviews resulted in input to the 
concept specification and personas. 

The results from the interviews were that drivers usually drove local routes or longer routes 
around 150 km. All drivers drove during daytime, either morning or afternoon. The drivers 
generally had long experience of driving trucks and had been working for PostNord for many 
years. The general consent was that the best thing about working as a truck driver was that 
they are free and at the same time have a safe working place. It is a big company that they 
work at and they can rely on the paycheck coming every month. Many of the interviewed 
drivers expressed that they really enjoyed working as a truck driver, but the stress and time 
pressure grew stronger and stronger with the increasing competition with truck drivers from 
outside of Sweden.  

They described a good driving experience as when everything works, the outside conditions 
are good and the trucks are clean and nice. The drivers usually used all the extra functions 
that assist the driver in the vehicle such as cruise control and found them beneficial as they 
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eased the driving. Some expressed that they sometimes liked not to use functions such as 
cruise control because they liked to feel the behavior of the truck. 

When asked about platooning the drivers had no or little knowledge about what it was and 
the common reaction was that it would leave them without a job. Some mentioned that they 
wanted to have control over the vehicle and did not trust the technology until they had 
experienced it working. They expressed the environmental benefits as the most pronounced 
advantage with platooning. In the future the driver’s whished for a less competitive business 
and an enhanced working environment. 

The results from the interviews were sorted and combined into important areas in the next 
step and thereafter used as an input for formulating some design criteria. 

5.1.2 AFFINITY DIAGRAM 

To process the information gained from the interviews, an affinity diagram was conducted. All 
of the answers from the interview were noted on separate post-it notes and divided into 
several groups according to their relevance to each other. The groups were then named after 
the mutual themes of the notes. Some regrouping of the notes was made to generate unified 
themes. In total, 19 different themes were created, see Figure 17.  

Figure 17: Affinity diagram of the results from the interviews. 

A short discussion was held to determine which of these themes that were relevant to bring 
forward and use for creating design criteria, the user needs. Some themes were also identified 
as not relevant to bring into design criteria but relevant enough to bring forward to be taken 
into account in upcoming work. These themes were identified as user wants. Lastly, some of 
the themes were identified to be relevant for input to be able to create the persona, so called 
user data. The user needs, user wants and user data are described below, see Figure 18 
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The resulting user needs were used to formulate design criteria. The user wants were kept in 
mind during the following concept generation and the user data were used to formulate a 
persona, see section 5.2.3.  

Figure 18: User wants, user needs and user data from affinity diagram. 

5.1.3 OBSERVATION 

Figure 19: Pictures from observation with truck drivers from PostNord. 

An observation was performed in terms of joining two different truck drivers from PostNord 
for three hours to deliver goods, see Figure 19. The driving was mostly done on highways 
which enabled observation in a similar environment as the one targeted in the thesis. The 
most relevant results from the two different observations are listed below. 

 Different drivers have different ways of driving, different focus and different amounts 
of using additional functions in the trucks. As an example, one truck driver never used 
the cruise control, reverse camera or remote control for the goods ramp and the other 
one always did. Other additional functions, except for the ones required for driving, 
are rarely used. 

 While driving on a highway the driver is often relaxed and not doing much compared 
to driving in a city where there are more going on in the surroundings that requires 
attention and different actions. 

 Side mirrors and blinkers are often used when turning, changing lanes or watching 
cars drive by. 

 The driving position while driving on a highway is often relaxed and monotone with 
one hand on the steering wheel and the other one resting on an armrest. 
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 Focus while driving on a highway is primarily held on the road, the instrument cluster 
and the mirrors. 

 The driver often has an automatic gearbox and rarely uses the manual gears. 
 The radio is often turned on for entertainment. 
 The driver often uses a phone with a handsfree to talk to colleagues during work. 
 A handheld device is used for recording delivered packages and palletized goods.  
 The driver sometimes waves at passing trucks. 
 The trucks were not personal but shared by a small amount of people which implied 

that they could be dirty and not taken care of after use as much as a personal truck 
would be. 

The results from the observation were used to formulate a picture of a driver’s environment 
while driving on highway. 

5.2 PROBLEM FORMULATION 
The problem formulation gave a solid basis for the forthcoming work and showed what 
direction the concept should be aiming at. The problem formulation also clarified 
requirements for the concept and enabled formulation of design criteria. 

Figure 20: Process problem formulation. 

5.2.1 GENERAL CONCEPT IDEA  

A general description, as can be seen in Table 1, for the intentions and expected benefits of the 
concept was created to give a general basis for the work. 

Table 1: General concept idea. 

GENERAL CONCEPT IDEA 
Who will the concept be 
designed for? 

The concept will be designed for truck drivers that spend a lot 
of time on the highway. 

Who will benefit from it? The truck driver in terms of added value and the haulage 
contractor in terms of reduced fuel usage as a result from the 
driver using the function. 

What is the main function? The main function is activation of the automated system and 
specifically the platoon mode. 

When is it to be used?  The concept will be designed for the near future. The function 
is used when connecting to a platoon. 

What effects will it have?  The function will have an added value for the user which will 
enable offering great product solutions when incorporating 
platooning in trucks and make the user more willing to use the 
function. This will enable a more environmentally and cost- 
efficient driving and possibly change the drivers working task. 
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5.2.2 USE CASE 

To determine the basis for the concept and to clarify when and how it is intended to be used, a 
use case was produced. The use case was constructed according to the case of joining a 
platoon and to fit into the situation and factors of interest for the development. Inspiration for 
the use case was, except for the purpose of the project, also information gained regarding 
automation and platooning, see section 2.1.7. The resulting use case is presented in Table 2 
below.  

Table 2: Use case: Join platoon. 

NAME USE CASE 1: JOIN PLATOON  
Description 

 

Join platoon consisting of 3 trucks from behind, from manual. Automation finds 
platoon. Information about available platoon is received as well as information 
about how to connect to it. Lateral and longitudinal control. 

PFV  FV 

Driving 
environment 

Highway 

Driving at 90km/h 

Long haul driving 

Goal Connection to a currently existing platoon 

Involved actors 

 

 

PFV and PFV driver 

LV and LV driver 

Other FV and FV drivers 

Drivers role 

 

 

Initiate connection to platoon 

Release control 

Supervise transition (Flemisch, et al., 2008a) 

Systems role 

 

 

Communicate availability of platoon 

Perform connection to platoon 

Communicate transition 

Start point Driving independently, manual mode, PFV (Level 0 (SAE International, 2014)) 

End point  Driving in platoon mode being a FV (Level 4 (SAE International, 2014)) 

The use case was used as a basis for the concept development. 
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5.2.3 PERSONA 

The persona presented in Figure 21 was made using input from the interviews with truck 
drivers. Some inspiration for the persona was also gained from internal personas from Volvo. 

  Figure 21: Persona. 

The persona is a clarification for who the typical user for the concept is as an addition for the 
use cases. Age, gender, typical work situations and the mind set for the targeted user is 
specified. The persona will therefore be used as an inspiration and as a target for the 
development of the concept. 

5.2.4 USER ENVIRONMENT 

The description of the user environment was put together using data from the observation. 
The most important interior in the user environment, see Figure 22, consists of a steering  

Figure 22: Picture of user environment taken during observation. 
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wheel, seat, gas- and brake pedals and different handles and buttons for activation and 
regulation of different functions. The driver also uses mirrors, rear view camera, armrest, 
seatbelt and radio during a drive. The dashboard consists of speedometer and other 
indicators. Some places to put bottles and other belongings are located in reaching distance 
from the driver’s seat. 

5.2.5 DESIGN CRITERIA 

Design criteria were formulated from three different sources; facts from the literature, 
information from the interviews and the use case, see Chapter 2, section 5.1.1 and section 
5.2.2. Each criteria were then decided to be either mandatory (M) or preferable (P). The 
criteria that were decided to be mandatory were the ones that were assessed to be essential 
to meet in order to work and not be dangerous to use. The preferable criteria were the ones 
valued as important for the concept to be successful, but not crucial. 

Criteria number 1 is formulated from the purpose for the thesis as basic criteria. Criteria 
number 2 to 6 is formulated according to gained information about automation and HMI, see 
section 2.1.7 and 2.2.8. Criteria number 8 and 9 is also formulated from 2.1.7 and criteria 
number 7 from 2.2.8. Input from the interviews, see section 5.1.1, contributed to design 
criteria 8, 9, 11, 15 and 16. The purpose and thesis questions contributed to criteria number 
10. Lastly, criteria number 10 to 16 origins from gained information about UX, see section 
2.3.5. 

Table 3: Design criteria.  

 
 

NO. DESIGN CRITERIA  IMPORTANCE 
1 Enable control transitions between automation and driver M 
2 Visible system status showing current automation mode M 
3 Visible system capabilities and limitations and available automation 

modes 
P 

4 Visible system intentions M 
5 Visible system transitions M 
6 Allow driver interference M 
7 Give multimodal feedback  P 
8 Prohibit unintended actions and automation mode transitions P 
9 Driver in control of vehicle during interaction M 

10 Allow novelty incorporation P 
11 Easy to use  P 
12 Enable effective goal achievement (in terms of expectations for 

achieving a goal) 
M 

13 Enable efficient goal achievement (in terms of effort, process, goal 
and time) 

P 

14 Enable satisfactory goal achievement (in terms of achievement of 
expectations for a goal) 

P 

15 Aesthetically appealing P 
16 Pleasant to use  P 
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5.2.6 KEYWORDS 

Keywords were formulated for the concept to be used as more general guidelines during the 
ideation and concept generation phase, Figure 23. The six words describe the essence of the 
concept and are based upon the problem formulation. Inspiration for the keywords was 
gained from the interviews, observations, design criteria and the very purpose for the thesis. 

Figure 23: Keywords used in ideation and concept generation. 
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CHAPTER 6  

CONCEPT DEVELOPMENT 

This chapter describes the concept development process and results from the problem 
exploration, problem formulation, ideation, concept generation and concept selection.  

6.1 IDEATION 
During ideation, lotus blossom, reversed thinking, brainwriting, workshop, sorting of ideas 
and pughs matrix was performed which are described in the following sections.  

Figure 24: Process ideation. 

6.1.1 LOTUS BLOSSOM 

As a first method of the ideation, lotus blossom was performed by the authors. The basic 
problem	  for	  the	  method	  was	  chosen	  to	  be	  “Activate	  automated	  system	  to	  join	  platoon” by not 
using a traditional button. Eight different solutions to the problem were written down as 
shown in Figure 25.  

Figure 25: Part of the Lotus blossom created during ideation. 
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Sub-solutions related to each of these eight solutions was generated and noted. The results of 
the method were one to eight generated sub-solutions to each solution of the problem. For 
some of the solutions only a few sub-solutions were generated due to lack of relevance and/or 
ideas for the solution. The resulting blossom is fully presented in Appendix B. 

The results from the lotus blossom were saved as a collection of ideas for the concept. The 
different ideas from the lotus blossom were also later used as an inspiration and starting 
points for further ideation. 

6.1.2 REVERSED THINKING 

Reversed thinking was performed by the authors to enable thinking outside the box. The 
problem that was chosen for the method was “How to design an activation of an automated 
system to not being able to understand its functions”. Solutions to the problem was then 
generated and later transformed into reversed solutions that would enable understanding of 
the function.  

The results were not actual ideas that could be used as input to the ideation. Instead, the 
results appeared to somewhat verify some of the design criteria, see section 5.2.5. The results 
specifically verified design criteria 2 to 5, 7, 11 and 13. The results from the reversed thinking 
are listed below. 

 The concept should be designed to fit the user 
 The concept should be fitted into the environment, yet stand out enough from other 

functions in the interior 
 Symbols should be designed so that the driver easily understand their meanings 
 Functions should be cleverly sorted to avoid clutter 
 The function should be placed in a proper place so that it is reachable and visible 
 The design should clearly reveal its function 
 Appropriate feedback should be given, with the right intensity 
 The design should not be to complex 

6.1.3 BRAINWRITING 

Brainwriting was performed by the authors with two different themes; feedback and design. 
Subjects within the themes were written on papers and rotated between the participants 
every five minute until all participants had generated ideas on all subjects twice. Ideas were 
written or sketched on the papers, see Figure 26.  

Figure 26: Overview picture of brainwriting. 



45 

 Session 1 – feedback themed 

The first session with the theme feedback had three different subjects; haptic, visual and 
auditory feedback. The theme and subjects were chosen from the information of different 
feedback in the literature, see section 2.2.8. The themes used were: 

“How	  can	  a	  successful	  activation	  be	  communicated	  via haptic feedback” 

“How	  can	  a	  successful	  activation	  be	  communicated	  via	  visually	  feedback” 

“How	  can	  a	  successful	  activation	  be	  communicated	  via	  auditory	  feedback” 
 

Examples of results from the session was ideas of visual communication by symbols on a 
display or in the HUD, lights in the environment, on the steering wheel or to make physical 
changes of the environment to be seen by the driver. Examples of ideas for haptic feedback 
were vibration in the chair or steering wheel, changing temperatures or movements of the 
chair. For auditory feedback, some ideas were to use voice or sounds that represent 
something, for example a pulsing sound representing a transition. 
 
Session 2 – design themed  

The second session with the theme design had four different subjects; familiar design, show 
system capabilities and limitations, clearly reveal its function and encourage driver 
interactions. The theme and subjects were chosen with design criteria that had been 
formulated in section 5.2.5 as an inspiration, as well as the results from the reversed thinking, 
see section 6.1.2.  

The themes used were: 

“How can the activation of platoon mode be designed to have a familiar design.” 

“How	  can	  the	  activation	  of	  platoon	  mode	  be	  designed	  to	  show	  system	  capabilities	  and	  
limitations.” 

“How	  can	  the	  activation	  of	  platoon	  mode	  be	  designed	  to	  clearly	  reveal	  its	  function.” 

“How can the activation of platoon mode be designed to encourage driver interaction.” 

Some of the results in terms of ideas for how to use a familiar design were to use the gear stick 
for changing modes or to have goal seeking symbols to mark the goal like in video games. To 
show capabilities and limitations, ideas like having colors, symbols or different indicators that 
shows current and available modes was brought up.  

Examples of ideas to clearly reveal function was to use platooning symbols and motion 
symbols that illustrated the airflow between the vehicles or the communication between 
them. Ideas for encouraging driver interaction was to make platooning into a game where the 
driver can collect points, to make the design really cool or to enable usage of new functions 
and communicating with other drivers when driving in a platoon. 

The ideas generated in the brain writing session were gathered to be used in further concept 
generation. 

6.1.4 WORKSHOP 

A workshop was performed with five employees from Volvo Group Technology Trucks with 
different expert areas, see Figure 27. Three of the participants were experts in the area of 
human factors, one was expert in vehicle dynamics and active safety and one was a trainee. 
The workshop was divided in four parts. Before the group started with the workshop the 
schedule for the workshop, the main problem, the perquisites for the problem and the 
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keywords presented in 0 was introduced. After the introduction the group performed the first 
part of the workshop consisting of the method brain dump. The second and third part were 
the main parts of the workshop and included the methods six thinking hats respectively brain 
writing. The final part of the workshop consisted of an evaluation of the ideas created. The 
total time for the workshop was two hours. 

Figure 27: Picture from workshop conducted during ideation. 

The	   first	   problem	   introduced	   to	   the	   participants	  was:	   “With	   the	   increase	  of	   buttons	   due	   to	  
more functions integrated in vehicles and a higher level of automation, the problem is to 
create added-value for the driver, when connecting	   to	   a	  platoon,	   by	  not	  using	   a	  button” To 
encourage	  a	  creative	  environment	   four	  rules	  were	  presented	  to	   the	  group;	  “Have	   fun”,	  “The	  
goal	   is	  to	  generate	  as	  many	  ideas	  as	  possible”,	   “Think	  outside	  the	  box”	  and	  “Do	  not	  criticize	  
ideas”. 

Part 1 – Brain dump 

In part 1 of the workshop the participants were encouraged to write or sketch their first 
thought or solution to the problem, given in the introduction, individually for five minutes, 
according to the method brain dump. The participants were asked to choose one or several 
ideas and present them to the group. The method brain dump was used as a starting point for 
the workshop to make the participants comfortable with the situation and start the creative 
thinking. The ideas generated in the method were therefore not developed further. 

Part 2 - Six thinking hats 

In the second part of the workshop, each participant was given a hat with a certain color 
together with a description of what that color represented in terms of character and mindset. 
The problem “How	  can	  the	  function	  be	  integrated	  into	  the	  cabin?”	  was	  put	  in	  the	  middle	  of	  the	  
table together with several pens to write with, see Figure 28.  

Figure 28: Picture from workshop of six thinking hats. 
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A discussion was then held where solutions to the problem was brought up at written down 
on the table. The participants contributed with inputs according to their hats. The hats were 
continuously passed on through the participants each five minutes to let each person have 
different mindsets. The blue hat continuously led the discussion, notes were taken and the 
discussion was also audio recorded for future use. The exercise continued for 40 minutes. 

Part 3 – Brain writing 

Brain writing was performed where the participants were asked to sit together around a 
table. Each person was presented to a paper with a sentence on top, see Figure 29. The 
participants were given three minutes to draw or write down ideas as solutions to the 
sentence. After the three minutes had passed, the papers were passed on to the next person 
who was asked to continue on existing ideas or come up with new ones. The procedure was 
iterated until the participants had gotten their original paper back. A presentation was then 
held and each person presented the ideas that were written on their paper. 

Figure 29: Example of tasks given for brain writing during workshop. 

The sentences used for the exercise were formulated from the keywords (see section 5.2.6): 

“A	  different way	  of	  activating	  automatic	  mode	  to	  connect	  to	  a	  platoon” 

“A	  fun way	  of	  activating	  automatic	  mode	  to	  connect	  to	  a	  platoon” 

“A	  safe way	  of	  activating	  automatic	  mode	  to	  connect	  to	  a	  platoon” 

“An encouraging way	  of	  activating	  automatic	  mode	  to	  connect	  to	  a	  platoon” 

“A	  simple way of activating automatic mode to connect to a	  platoon” 

Part 4 – Discussion and voting 

For the last part of the workshop, all of the ideas were put onto the walls. Each person was 
then asked to vote for their favorite ideas by putting a colored dot on the side of that idea, see 
Figure 30. Each person was allowed to vote for three favorite ideas out of the results from the 
six thinking hats and three favorite ideas from the brain writing. A discussion was then held 
together with all of the participants to see which ideas that had gotten the most votes and the 
participants were allowed to discuss what they believed was the reason for the chosen ideas. 

Figure 30: Picture from workshop of voting through dot method. 
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The results from the workshop were a contribution to the pile of ideas as an input to the 
following concept generation. 

6.1.5 COMPILATION AND SORTING OF IDEAS 

To enable further work, all of the generated ideas from earlier stages were compiled and 
sorted by the authors, see Appendix C. The result of the sorting was several different themes 
and areas including ideas for both activation of platoon mode and possible feedback from the 
activation, as well as other extra ideas. Some of the ideas that were judged as to unrealistic or 
out of the blue were sorted out.  

Activation ideas 

The activation ideas were divided into two larger groups; Interaction by no touch and 
interaction by touch. The group of interaction by no touch had two sub groups that were 
internal and external ideas. One example of an external idea area was activation by driving 
into a zone and examples for internal idea areas were eye-tracking steering, air gestures and 
speech/sound. These idea areas each consisted of several more specific ideas for how the 
activation could be done. 

The group for interaction by touch was divided into two sub groups that were ideas for 
existing interior and ideas for not currently existing interior. Examples for using currently 
existing interior for activation was gearstick-, steering wheel-, pedal- or chair maneuver. 
Examples for adding new things into the interior for activation was to add an additional 
handle, touch screen or phone. These idea areas also each consisted of several more specific 
ideas for how the activation could be done. 

Feedback ideas 

The ideas for feedback were divided into four groups; auditory-, visual-, haptic feedback and 
feedback by scent. The group of ideas for auditory feedback had three sub groups which were 
music, signal and voice. Examples for signal feedback were to use sounds that represented 
success for the activation or to use a pulsing sound to symbolize a transition.  

The group of ideas for visual feedback had four sub groups which were to use projection, light, 
or a screen in the cabin, and other general visual ideas. One example of projection ideas was to 
show a goal seeking symbol, an example for light ideas was to change the light in the cabin for 
feedback and one example for screen was to have a display on the steering wheel. 

The haptic group of ideas included three different sub groups that were vibration, 
temperature and movement. One example for feedback by vibration was to use vibration in 
the steering wheel or chair and an example for temperature feedback was to make the 
steering wheel unpleasantly cold when you should not hold on to it anymore. 

The ideas for using scent as feedback included that a spray of your favorite perfume was 
generated when activation was completed. 

Ideas for extra functions 

The ideas for extra functions included ideas for encouraging platooning, for socialization and 
ideas for how to encourage automatic driving.  

All of these areas including underlying ideas were brought along to use in further ideation. 
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6.1.6 PUGHS MATRIX 

The different idea areas for activation and feedback were ranked by the authors in a Pughs 
matrix, see Appendix D and Figure 31. For the areas of activation and feedback, relevant 
criteria were chosen from the design criteria, see section 5.2.5, to use in the ranking. One 
reference area was chosen for each ranking, and the rest of the areas were ranked compared 
to the reference area on how well they fulfilled the criteria. The procedure was repeated three 
times each for the idea areas for activation and feedback with new reference areas.  

The areas with the best results were then chosen to move on with. These areas were pedal 
maneuver, steering wheel maneuver, gear stick maneuver, speech/sound and activation zone 
for activation and auditory, visual and haptic for feedback. 

Figure 31: Pughs matrix example. 

6.1.7 RESULTS OF IDEATION 

The final ideas to move on with, as a result of the ideation phase, included: 

 Five different idea areas where an activation maneuver could take place (Pedal 
maneuver, steering wheel maneuver, gear stick maneuver, speech/sound and activation 
zone) and sub-ideas for each idea area regarding how the maneuver could specifically 
be executed. 

 Three different idea areas for feedback after activation (Auditory, visual and haptic), 
sub-areas for each feedback area (Voice and signal for auditory feedback, projection, 
light and screen for visual feedback and vibration and movement for haptic feedback) 
and several specific ideas for each feedback sub-area. 

These ideas was brought along as an input in the following concept generation phase. 

6.2 CONCEPT GENERATION 
In concept generation the methods concept combination table, survey and skewing was 
performed, which are described in the following sections.  

Figure 32: Process concept generation 
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6.2.1 CONCEPT COMBINATION TABLE 

By using the remaining ideas from the ideation phase, concepts were generated by the authors 
through five different concept combination tables, see Figure 33. The overall themes for the 
five tables were the different ideas for activation maneuvers from the ideation (Pedal- , 
steering wheel-, gear stick-, speech/sound- and activation zone maneuver).  

The specific sub-ideas were listed in each theme and the lists were divided into ideas for 
activation and ideas for feedback. Lines were then drawn in between the different ideas to 
generate concepts by combining the best ideas. A total of 11 concepts were generated and 
each of the themes (Pedal- , steering wheel-, gear stick-, speech/sound- and activation zone 
maneuver) was represented in these concepts.  

Figure 33: Overview picture of concept combination table. 

As an example, one activation zone concept was described to be performed by driving into a 
square projected in the HUD. When in the right position, the square will change colour to 
indicate the activation, functions that are no longer needed in the cabin will darken and the 
steering wheel will change its form. Another concept for gear stick manoeuvre was an 
addition of an automation gear that you switches gears to when activating platoon mode. A 
light on the gear stick indicates the activation and an activation symbol appears on a display. 

Many of the concepts appeared to be steering wheel manoeuvres. An example of such a 
concept is that you are supposed to hold on to the steering wheel according to a certain 
pattern to activate platoon mode. A pulsing sound that represents the transition is generated, 
lightning on the steering wheel is shown and an activation symbol appears on a screen. 
Another steering wheel concept was the swipe concept. In order to connect to a platoon, you 
are supposed to swipe over the steering wheel. A pulsing light will guide you where to swipe, 
a voice tells you that the activation has succeeded and an activation symbol will be shown. 
The results from the combination table were later used in further concept combinations and 
development. 

6.2.2 SURVEY 

To rank the remaining ideas for the activation a survey containing the 11 concepts was 
compiled and handed out to four experts in the areas of vehicle dynamics, active safety, driver 
environment and human factors, see Figure 35 and Appendix E. 

The experts that filled in the survey all had experience from platooning. The different 
concepts were presented together with a scenario to explain the use case for them as well as a 
simple picture and a short description for each concept, see Figure 35. The participants were 
supposed to write short spontaneous positive and negative comments about each concept. 
They were also asked to fill in a SAM scale to reveal their experienced feel of pleasure-, 
arousal- and dominance-level related to each concept. In the last page of the survey, the 
participants were asked to place all of the concepts on a scale ranging from their least favorite 
concept to their favourite. 
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Figure 34: Overview of distributed survey regarding ideas for activation. 

The survey was also filled in by the authors. The results from the survey were summarized 
and the winning concepts calculated. A combination of the internal and external favourite 
concepts were put together to form a resulting group of six winning concepts. The winning 
concepts brought forward to the next phase of the concept generation were number 3, 4, 5, 8, 
9 and 11. 

Figure 35: Ideas 1-11 for activation that were presented in the survey. 
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6.2.3 ITERATION OF CONCEPT COMBINATION 

An iteration of concept combination through concept combination table was made by the 
authors with the chosen concepts (3, 4, 5, 8, 9 and 11) out of the original combination table. 
During the combination, concepts were combined to further fit together as a unite concept 
and to pick the best parts out of the previous concepts. The resulting concepts was improved, 
see section 6.2.4. The resulting concepts are described in detail in section 6.2.5. 

6.2.4 SKEWING 

To improve the concepts according to some chosen criteria, Skewing was performed by the 
authors. The criteria chosen to be used in the method was easy to use, familiar design, novelty 
and prohibit unintended actions. Each of the concepts was developed to better match each of 
the criteria. The results are summarized in Appendix F. The result was brought on to be 
putted into the concepts at later stages in the process. 

6.2.5 RESULTS OF CONCEPT GENERATION 

The resulting concepts from concept generation are presented below, consisting of ideas for 
activation and models for information in HUD. They have been named as concept A to F. 

Concept A 

Concept A is a concept for activation through a gear stick action. An approaching platoon is 
visible in the HUD and a message appears when the driver is able to connect. The connection 
is done by shifting to automation gear. A platoon symbol will appear in the HUD when 
successfully connected. 

Figure 36: Storyboard of Concept A. 

Concept B 

In Concept B, the activation is done by driving into a zone that is projected in the HUD. When 
the driver has positioned the truck in the zone, the connection will be done. A pulse of light in 
the truck cabin will confirm the activation as well as a platooning symbol in the HUD. 

Figure 37: Storyboard of Concept B. 
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Concept C 

In Concept C, the driver will get an auditory question about the connection to the platoon. If 
the driver answers	   “yes”,	   the	   system	  will	   automatically	   connect	   to	   the	  platoon.	   Information	  
about the platoon will be told to the driver. The conversation between the driver and the 
system will be shown in a feed in the HUD. 

Figure 38: Storyboard of Concept C. 

Concept D 

For concept D, activation of platoon mode will be done by squeezing the steering wheel. Light 
on the wheel will guide the driver of where to squeeze and a clicking will be felt when 
squeezing with the right pressure. A symbol in the HUD will count down and the connection 
will then be executed. A platooning symbol will be visible in the HUD. 

Figure 39: Storyboard of Concept D. 

Concept E 

To activate platoon mode, a swipe on the steering wheel will be performed in Concept E. Light 
on the steering wheel will guide the driver and a sound that represents success will be 
generated when connected. A platooning symbol will also appear in the HUD. 

Figure 40: Storyboard of Concept E. 
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Concept F 

In concept F, a goal seeking symbol will be shown in the HUD as well as a symbol that tells the 
driver to let go of the steering wheel to connect to the platoon. When the driver lets go of the 
steering wheel, the connection will be done automatically and the goal seeking symbol will 
change color. The steering wheel will also move away a short distance from the driver to 
demonstrate that the transition is made. 

 

Figure 41: Storyboard of Concept F. 

6.3 CONCEPT SELECTION 
In concept selection, concept scoring and expert group discussion was performed. The process 
is described in the following sections.  

Figure 42: Process Concept selection. 

6.3.1 CONCEPT SCORING 

To choose a concept out of the remaining six ones concept scoring was performed by the 
authors, see Figure 43 and Appendix G. For weighing criteria, the design criteria were used. 
All of the criteria were ranked and given a certain point according to importance. A total of 1 
point was divided to the criteria, where the mandatory design criteria were given the largest 
past which was 60%, and the preferable were given 40% of the total. Each of the concepts 
were then weighed according to each weighing criteria and given points from 1 to 5 where 5 
represented high correlation and 1 low correlation. The total scores were summarized. 

The three top concepts were concept B, E and F. A discussion regarding the result of the 
concept scoring was held. Some of the things that were pointed out during the discussion was 
that concept B may be too complicated if it takes a long time to position the truck correctly. 
Concept F might not be a safe choice because of the need to let go of the steering wheel to 
perform the transition. As a result of the discussion, a decision was made to continue on with 
concept E, activation by swiping on the steering wheel. 
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Figure 43: Overview picture of Concept scoring. 

6.3.2 EXPERT GROUP DISCUSSION 

A discussion together with an expert group consisting of three persons with expertise in 
driver environment and human factors was held in order to verify that concept E was a good 
choice for the purpose and the method leading to the choice being appropriate. The concept 
choice was judged as good and a decision was made to bring some of the best details from 
other concepts into the chosen one, see section 6.4.1. 

6.3.3 RESULT OF CONCEPT SELECTION 

The overall idea for the selected concept, see Figure 44, is that activation of platoon mode is 
performed by swiping on the steering wheel. Initially, the driver will be informed that a 
platoon is available further ahead on the highway by a map and information that is visible in 
the HUD. When the driver has reached the platoon a message will appear in the HUD telling 
the driver that a connection to the platoon is now available. Light is moving on the steering 
wheel to show the driver where to swipe. When the swipe is done, a sound will confirm the 
successful connection to the platoon, a platoon symbol will appear in the HUD and the truck 
will automatically decrease the distance to between the trucks to an ideal one.  

Figure 44: Concept selection – Concept E. 



56 Concept development 

6.4 CONCEPT REFINEMENT 
In concept refinement, concept compilation, brainstorming, user test, idea sketching and a 
choice of design was conducted which is described in the following sections. 

Figure 45: Process Concept refinement. 

6.4.1 COMPILATION OF CONCEPT E 

To bring the concept to a higher level, an iteration of concept combination for Concept E was 
performed, where favorite details from previous concepts were picked out and putted into the 
chosen one. The details picked out were a symbol illustrating the gesture and a marking in the 
HUD following the target from concept F and the pulse of light in the environment to clarify 
the activation from concept B. The resulting concept can be seen in Figure 46 below. 

Figure 46: Compiled concept E. 

6.4.2 BRAINSTORMING SWIPE ALTERNATIVES 

To investigate in what different ways a swiping gesture could be performed as an activation of 
platoon mode, a brainstorming session was held by the authors. Discovered gesture 
alternatives were drawn as arrows and lines that represented the different movements 
identified. The dot method was used to narrow the range of alternatives down to a fewer 
number. The authors got three votes each and the result was to move on with three different 
alternatives for swiping gestures. The three winning alternatives can be seen in Figure 47 
below, where Swipe 1 is to the left, Swipe 2 in the middle and Swipe 3 to the right.  

Figure 47: Winning swipe alternatives – Swipe 1, Swipe 2 and Swipe 3. 
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6.4.3 USER TEST SWIPE ALTERNATIVES 

To evaluate the performance of the three remaining swiping gestures, a user test was 
performed. A total of six people participated in the test, where they all differed in age, gender 
and years of experience working with trucks. They were presented with a scenario involving 
an existing platoon that they were supposed to connect to via a swiping gesture. A drawn 
picture was placed in front of them to represent the view from the front window, as well as a 
steering wheel for trying out the different gestures, see Figure 48.  

 

Figure 48: Picture from user test of swipe alternatives. 

A collection of papers was given to each participant consisting of a sketch and a short 
description of each gesture, room to write positive and negative comments about each gesture 
as well as a SAM scale to fill in, see Figure 49. On the last paper was a ranking scale for the 
participants to rank the gestures in order from their favorite to their least favorite alternative. 
The papers that were handed out can be seen in Appendix H. 

Figure 49: Overview of form distributed during user test of swipe alternatives. 

The results of the user test were summarized. The comments for each swiping gesture were:  

 Swipe 1 – Easy to do. Not fully intuitive because of it being a turning gesture. A bit 
complicated and a big hand movement. Good in terms that you still have control over 
the steering wheel. There is a risk that an unintended swipe could be performed. 

 Swipe 2 – Intuitive with the longitudinal swipe. Natural movement. Not as easy to do 
by mistake. Simple. New user area for the steering wheel. Feels like a smartphone. 
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Logical to swipe away steering wheel to give over control. Negative that you have to 
let go of the steering wheel with the swiping hand.  

 Swipe 3 – Easy to do. Could be done by mistake. Not fully clear what the gesture 
means. Not everybody keep their hands at 10-14. Positive that you have both hands on 
the steering wheel. Some effort felt in the thumbs. Less clear with a small gesture. 

Summary of the ranking of the three gestures resulted in that Swipe 2 was the most preferred 
followed by Swipe 3 and the least preferred was Swipe 1. The results from the SAM scale were 
that Swipe 2 had slightly better pleasure and excitement and a higher feel of control. The 
ranking together with the comments for each swipe was valued as relevant and Swipe 2 was 
therefor decided to be the concept to continue on with.  

6.4.4 IDEA SKETCHING OF DESIGN 

Ideas for the design of the steering wheel was produced by the authors through sketching, see 
Figure 50. Elements that were judged as important to address with the design was that the 
interaction areas of the steering wheel should be able to be detected by sight and by touch, 
and that the steering wheel should have a feel of future and novelty about it. The idea 
sketching resulted in many different sketches including different shapes of the steering wheel 
as well as ideas for shape and placement of the interactive surface. 

 

Figure 50: Picture from idea sketching of design for Swipe 2. 

6.4.5 CHOICE OF DESIGN 

The decision about the design for the steering wheel was an iterated. Initially, a voting 
through the dot method was performed by the authors including the sketches from the idea 
sketching. The authors were given six votes each. The result of the dot method was six 
winning concepts which had gotten votes. 
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After the voting was completed, a discussion was held with the authors to find and point out 
common elements that were found in the winning sketches. The results were soft light, future 
like, interactive surface, soft but hard, touchpad and light that moves. The shape of the center 
of the steering wheel also had elements inspired by the shape of the front of a Volvo truck in 
several of the sketches. An inspiration paper was put together consisting of the six winning 
sketches and some inspirational words, see Figure 51. Another sketching session was then 
held to produce new sketches with inspiration from the previously chosen ones.  

 Figure 51: Inspiration for sketching of design.  

When the second sketching session was completed, a second voting was held with the same 
process as the previous one. The voting resulted in two different basic forms for the design, 
sketches of those two designs can be seen in Figure 52. 

Figure 52: Sketch of design, two chosen basic forms. 
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Mini prototypes were cut out of paper to get an understanding in the forms in a 3D 
perspective, see Figure 53. This also allowed putting on some lighted areas to get a feeling of 
how it would look like in its final form.  

Figure 53: Mini paper prototypes for design. 

The opinions regarding which design was the favorite one was united, and a final favorite 
form was then agreed upon, see Figure 54. The area for the swipe was decided to be a lighted 
interactive surface placed on the center of the steering wheel, accompanied with two lights on 
the bottom and top of the steering wheel. By placing them in that way, the interaction would 
be intuitive in terms of being able to swipe the control over to the vehicle in front of you in the 
platoon. 

 Figure 54: The chosen design. 

Lastly, the design was refined and a final shape was created. The result is presented in section 
6.4.6 below. 
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6.4.6 RESULT OF CONCEPT REFINEMENT 

The result of the concept refinement can be seen in Figure 55. The concept was named ISSA, 
which stands for Interactive Surface Swipe Activation. 

 

Figure 55: The final design for concept ISSA. 

The main function of ISSA is the activation of the automated mode when connecting to a 
platoon through a touch sensitive surface placed in the center of the steering wheel. The 
function is activated by doing a swiping movement with one hand from the bottom of the 
surface to the top. To indicate that the function is available a blue light on the bottom of the 
steering wheel will be activated and a flowing blue light will appear on the surface showing in 
what direction the swipe should be performed, see Figure 56. A structured surface around the 
light will also enable the user to feel where to swipe.  

When the swipe has been performed the light on the bottom of the steering wheel and the 
flowing light will stop and instead a blue light on the top of the steering wheel start. A sound 
that indicates a successful activation will also be generated. The switch of the light from the 
bottom to the top indicates that the swipe has been done correctly and is designed to be 
experienced as almost physically moving the light when swiping, as if you are swiping the 
light from one place to another.  

Figure 56: Storyboard for concept ISSA, result of concept refinement. 
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Before activation of the automated mode, through swiping, the driver will be presented with 
information in a head up display. The available platoon will be visible on a map which shows 
your position, the platoons position and information about the platoon such as destination, 
distance to platoon and if it is okay to connect. If it is not possible to connect to the platoon the 
function will not be available and the following information will not be communicated to the 
driver. If the driver tries to connect the platoon anyway through swiping the system will 
inform the driver that the system requirements are not fulfilled.  

When the platoon is in sight for the driver an arrow will appear pointing on the available 
platoon to indicate that the systems has recognized the platoon and to instruct the driver 
where to go. When the driver has positioned the truck behind the platoon an animated symbol 
will demonstrate that the driver should swipe on the steering wheel to connect. When the 
driver has swiped on the steering wheel, as described above, the animated symbol will 
demonstrate that the driver can now release the steering wheel and the gas-pedal. The arrow 
pointing on the platoon will change color and a pulse of light in the truck cabin will start to 
indicate that the transition was made successfully. A platooning symbol will also appear to 
remind the driver that the mode is activated. When the transition has been made the truck 
will automatically decrease the distance to the truck in front into the desired distance. 
Information about the current platoon will appear. 
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CHAPTER 7  

CONCEPT EVALUATION 

The concept evaluation is presented in this chapter, including prototyping and user tests. 
 
To verify, in regards to the design criteria and thesis questions, and to enable improvement of 
the concept ISSA, concept evaluation was performed. During the evaluation, a user test was 
performed where the concept ISSA was compared with using a button on the steering wheel 
to connect to a platoon. 

7.1 ASSUMPTIONS FOR CONCEPT EVALUATION 
To enable follow-up of the results of the user test for the concept, assumptions were 
formulated out of the design criteria as expectations for the outcome of the user test. The 
following assumptions were formulated: 

Assumption 1: The final concept will be perceived as more pleasant to use than a 
button.  

Assumption 2: The final concept will be perceived as more novel than a button.  

Assumption 3: The final concept will contribute to the driver feeling safe and in control.  

Assumption 4: The final concept will be perceived as easy to use. 

Assumption 5: The final concept will perceived to have high usability (Effective, efficient 
and satisfactory goal achievement). 

Assumption 6: The information presented helps the user to understand the systems 
current state, transitions and intentions. 

 
Assumption 1 was formulated out of design criteria 15 and 16, to investigate if the concept 
was perceived to be pleasant to use and aesthetically appealing or not. Assumption 2 was 
formulated from design criteria 10 to enable verification of if the concept was perceived as 
being more novel than a button or not. Assumption 3 was formulated from design criteria 6, 8 
and 9 to examine if the driver experienced a feel of control or not when using the concept. 
Assumption 4 was formulated from design criteria 11 to explore if the concept was perceived 
as being easy to use or not. Assumption 5 was formulated from design criteria 12 to 14 to 
verify if the concept was experienced as having good or bad usability. Finally, Assumption 6 
was formulated from design criteria 2 to 5 and 7 to see if the driver actually understood the 
information about the system or not. 
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7.2 PROTOTYPES 
Two low-fi steering wheel prototypes were constructed in order to be able to perform a user 
test to evaluate. One prototype was made of the concept ISSA with the swipe function and one 
with a button to activate the platoon function. This allowed comparison of the results for ISSA 
to a conventional button, as had been mentioned in the purpose and aim of the thesis. 

The prototype for concept ISSA was built using an existing Volvo steering wheel, LED lights, 
soft foam plastic and paper with dot structure, see Figure 57. The LED lights were placed in a 
line in the center of the steering wheel in the direction of the swipe. The lights were 
programed to move in the direction of the swipe using Arduino Software. To create a swipe 
friendly surface the lights were covered with soft foam plastic with dot structured paper on 
the edges to emphasize the swipe surface and give haptic feedback. Soft foam plastic was also 
placed on the top and bottom of the steering wheel to indicate the placement of the two lights. 

Figure 57: Prototype of concept ISSA for user test.  

The second prototype, the button concept, was also constructed using an existing Volvo 
steering wheel and with a button typically used for lamps, see Figure 58. The button was 
attached on the steering wheel on a location were buttons are usually placed on the steering 
wheel and in a reachable distance for the hand. Platooning symbols were placed above and 
below the button to indicate if the function is turned on or off. 

Figure 58: Prototype 2 of concept Button for user test. 
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To simulate a driving environment, still frames of the scenario was made in Illustrator to be 
shown by using PowerPoint during the test; one for the swipe concept and one for the button 
concept. The frames consisted of a drivers view through the front window and the 
information that is presented in the model of the HUD. Sound was also incorporated.  

The scenarios can be divided in six parts. Six chosen still frames from the scenario for the 
swipe concept, see Figure 59.  

The first part and the starting point of the scenario is on a highway with no other vehicle in 
sight. A map visualizing where the vehicle is situated is presented in the HUD. The second part 
is a sequence where two vehicles appear in front and on the map. The driver also receives 
information that the vehicles in front are an available platoon with information about its 
destination, distance and leader.  

A symbol on the road appears in the HUD to guide the driver to the platoon. In the third part 
an animated symbol appears in the HUD that urges the driver to perform a swipe on the 
steering	  wheel	  with	   the	   text	   “Ready	   to	   connect”.	   In	   the	   fourth	   part	   the	   symbol	   changes	   to	  
urging the driver to release the steering wheel and the driver get information that the system 
is connecting. A blue light pulse starts in the truck cabin.  

In the fifth part the symbol on the road showing were the platoon is turns to green, a 
platooning symbol appears with the information that the distance to the platoon is decreasing 
and that the system is connecting. In the last part the driver gets information that the truck is 
now platooning. 
The scenario for the button concept consists of the same parts as described above with the 
exception that the symbol in part three is exchanged with the information	  “press	  button	   to	  
connect”. 

Figure 59: Scenario for Concept ISSA for user test. 
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7.3 USER TEST  

Figure 60: Process User test. 

The tests were made with employees from the department of ATR at Volvo. The participants 
were expert from the areas of driver environment, human factors, vehicle structure, passive 
safety, vehicle dynamics and active safety. The participants had no prior knowledge of the 
concepts that had been developed. Eight number of people participated in the user test. Six of 
them were male and two of them female. Their age ranged from 30 to 45 and their number of 
years of experience working with trucks varied from two years to 15 years. Out of the eight 
participants,	  five	  participants	  had	  a	  driver’s	  license	  for	  trucks.	  The	  total	  test	  time	  ranged	  from	  
20-30 minutes.  

The test location was in a closed room at Volvo and was performed using the prototypes and 
the scenario described in the previous chapter, see Figure 61. The scenario was presented on 
a television in front of the participant. 

Figure 61: Picture of user test environment. 

The test consisted of three steps; introduction, testing and conclusive discussion. The order of 
the testing varied among the tests so that half of the participants started with testing the 
button concept and half of them started with the swipe concept. After testing each concept the 
participants were asked to fill out a form evaluating both concepts using semantic differential 
and one form evaluating only the swipe concept to get suggestions for improvements, see the 
forms in Appendix I. 

In the introduction the participants were introduced to de structure of the test and informed 
that the test were anonymous. The scenario and task of the test were then informed to the 
participants and they were asked to says their thoughts aloud according to the method Think 
aloud during the test. The scenario and task was as follow: 
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Scenario: It is a sunny day in May and you are driving a route from Gothenburg to 
Malmö with a truck to deliver goods. You have just entered the highway. 

Task: Your task is to connect to a platoon ahead of you that is also going to Malmö. 
Follow the instructions and use the equipment to perform the task. 

7.3.1 EXPECTATION MEASURE 

After the structure and task of the test had been introduced to the participant and the 
participant had been placed in front of the steering wheel, with some time to observe the 
equipment, the participant was asked to rate the expected difficulty of performing the task. 
The difficulty was rated on a scale of one to seven were one represented very easy and seven 
very difficult. The question was then asked again after the first task had been performed. The 
prototype was then changed and the participant had time to observe the new equipment. The 
participant were then asked again to rate the difficulty of performing the task both before and 
after the second task had been performed. 

The goal of the expectation measure was to measure the expected and actual difficulty of 
using the concept. 

7.3.2 SEMANTIC DIFFERENTIAL 

The participants were also asked to fill out semantic differential scales after each of the tests 
to evaluate the concepts. The rating was made on a five step scale with one characteristic in 
one end and the opposite of that characteristic in the other end. The characteristics were 
formulated	   using	   the	   design	   criteria’s	   and	   involves	   aspects	   of	   usability (effective, effortless, 
time efficient, satisfying), ease of use (functional, simple, practical), novelty (unique, 
innovative), pleasure (exciting, beautiful, impressive) and safety (safe, high level of control). The 
answers could then be compared for the two concepts. 

7.3.3 DURATION OF TEST 

The duration for the participants to perform a task was measured to evaluate the efficiency of 
each concept. The time was measured for each concept from the moment when the scenario 
started until the task had successfully been performed. The difference between the concepts 
could then be compared. 

7.3.4 PROBLEM IDENTIFICATION AND COMMENTS 

To identify usability problems regarding the concepts all comments from the Think aloud 
method and problems that occurred during the test were noted. The participants were also 
asked to fill out a form regarding usability after the test of the swipe concept. The form 
included questions regarding the participant’s attitude towards the concept, if any problems 
occurred during the activation, if they would like to do any changes to the concept, if there 
was any unnecessary information and if there was any information missing. 

After the test many of the participants wanted to discuss the concepts so a general discussion 
about the concepts was held with all the participants individually after they had performed 
the tests and their opinions and ideas were noted. 
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7.4 RESULTS USER TEST 
The results from the user test was divided into four parts; expectation measure, semantic 
differential, duration of test and problem identification and comments. The result are divided 
in concept Button (during the test called Concept A) and concept ISSA (during the test called 
Concept B) and also divided in the order of performing the tests. 

7.4.1 RESULTS OF EXPECTATION MEASURE 

The results from the expectation measure are summarized in two plots where 1 represents 
very easy and 7 very hard, see Figure 62 and Figure 63. The first figure shows the result for 
concept Button which showed a unified result where the plots are primary located in the 
lower left quadrant for both the group starting and ending with concept Button. 

There is a slight difference between the group starting with concept Button and the Group 
ending with concept Button. The group starting the test with concept Button showed a result 
that had an overall higher values and with some plots that to go in to the higher left quadrant 
and the lower right quadrant. 

Figure 62: Measure of expectation - Concept Button. 

The second figure shows the results for the measure of expectation for concept ISSA, see 
Figure 63. The results for concept ISSA is primarily situated in the lower left quadrant (50%), 
expected to be easy and also perceived as easy to use. 25% of the tests were expected to be 
4/7 hard but where then perceived as easy to use. 12,5% was expected to be easy and then 
perceived as hard and 12,5% expected to be very hard and then perceived as very easy to use. 
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Figure 63: Measure of expectation - Concept ISSA. 

7.4.2 RESULTS OF SEMANTIC DIFFERENTIAL 

The results from the semantic differential is presented below. The results for novelty (unique 
& innovative) and pleasure (exciting, impressive & beautiful), that were included in 
assumption 1 and 2, for the two concepts are first presented according to distribution of rates 
from the user tests. The mean value for the five themes novelty, pleasure, safety, usability and 
ease of use are then presented for both concepts, divided according to which concept was the 
initial one during the user tests. 

 

Semantic Differential Distribution Measure of Novelty 

The distribution for novelty is presented below, see Figure 64 for the aspects of 
typical/unique and conservative/innovative. 

Figure 64: Results semantic differential distribution measure – novelty. 
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Semantic Differential Distribution Measure of Pleasure 

The distribution for pleasure is presented below, see Figure 65 for the aspects of 
lame/exciting, unimpressive/impressive and ugly/beautiful. 

Figure 65: Results semantic differential distribution measure – pleasure. 

Semantic Differential - Mean Value  

The resulting mean values from the semantic differential are shown in Figure 66 below. To the 
left are the results for the tests which began with concept Button and to the right those who 
began with concept ISSA. The values shown in the radar charts is the mean value from each 
test result for each of the five themes usability, ease of use, novelty, pleasure and safety.  

For the result of the tests which started with concept Button, the scores were very close on 
safety, usability and ease of use for the two concepts while concept ISSA got better scores on 
pleasure and novelty, which can indicate that ISSA performs better than the button concept 
regarding pleasure and novelty according to the test group. 
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A similar result was seen for the tests that started with concept ISSA, though both concepts 
were scored a bit lower on pleasure and novelty. Concept Button also got a slightly higher 
score on ease of use, see Figure 66. The result is shown in detail in Appendix J, where mean 
and median value are shown for each word of the five different themes. 

 

Figure 66: Results semantic differential – mean value. 

7.4.3 RESULTS OF DURATION OF TEST 

The results from duration of the test are presented in Table 4 and Table 5 below. Table 4 
represents the four tests which were initiated with concept Button and Table 5 represents the 
fours tests which were initiated with concept ISSA. For the tests that started with the button 
concept, there was no significant difference in the duration time for the two concepts. For the 
tests that were initiated with concept ISSA, the duration time for that concept was in average 
somewhat longer. Comments that were made by the participants during the tests were that 
they experienced learning from the first test and that the second one was therefore easier to 
perform. 

Table 4: Result of duration of test - Starting with concept Button. 
 

 
 
 
 
 
 

Table 5: Result of duration of test - Starting with concept ISSA. 
 

 
 
 

TEST NO. BUTTON ISSA 
1 46 42 
3 38 35 
5 27 32 
7 24 32 

Mean value 34 35 

TEST NO. BUTTON ISSA 
2 43 40 
4 27 33 
6 25 40 
8 27 36 

Mean value 30 37 
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7.4.4 RESULTS OF THINKING OUT LOUD AND COMMENTS 

Knowledge about problems experienced regarding concept ISSA by the participants during 
the test were gained from thinking out loud as well as their written responses to the questions 
that they were given. The experienced problems are assembled in Table 6 below. The number 
of participants commenting on the same problem is shown, as well as the participant’s 
comments regarding some of the problems. 

Table 6: Problems experienced of concept ISSA during user test. 

Other comments that were made during the tests were general opinions about concept ISSA. 
These comments are represented in the word cloud in Figure 67 below.  

Figure 67: Comments about concept ISSA from user test. 

PROBLEMS EXPERIENCED NO.  OTHER COMMENTS 
Missing information about if longitudinal and/or 
lateral steering is automated before platooning 

2 Maybe different colors can be used when 
you for example are able to connect to a 
platoon but only with longitudinal control 

Information in HUD too small 3  
Slow response to activation 1 Response must be quick to understand 

that you have done the right movement 
Not used to device 1  
Do not like having to let go of steering wheel with 
one hand while swiping 

2 You should be able to join platoon 
without letting go. You should be able to 
feel the system taking over control 
through the steering wheel.  
When I can see in the HUD that I am 
connected, then I feel secure to let go of 
steering wheel. 

Missing a brake indicator 1 It may be good if you are able to see that 
the vehicle is breaking when approaching 
one in front. 

Don’t	  like	  having	  to	  let	  go	  of	  the	  steering	  wheel	  to	  
perform the activation as told by the symbol 

1  

Will it work with gloves on or if you have dirty or 
wet hands 

1  
 

Information in HUD could be more centered, 
towards the point of view 

1 Maybe you could use symbols instead of 
text 

The phase between available platoon and being 
able to connect should be explained 

1  
 

A more obvious indication about a successfully 
performed swipe should be given 

1  
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For the information that was given to the participants in the HUD, the comments were that 
they generally understood all of the information given and that there were generally no 
information missing while performing the task. The participants did generally not experience 
that they were given any unnecessary information from the system. 

7.4.5  FOLLOW-UP OF ASSUMPTIONS 

The assumptions that were set up for the user tests are described below followed by a 
description of to what level they have been verified according to comments, semantic 
differential and measure of expectation, see Table 7. Regarding the results from the duration 
of the tests, no conclusion could be drawn related to the follow-up of the assumptions. 

Assumption 1: The final concept will be perceived as more pleasant to use than a 
button.  

Assumption 2: The final concept will be perceived as more novel than a button.  

Assumption 3: The final concept will contribute to the driver feeling safe and in control.  

Assumption 4: The final concept will be perceived as easy to use. 

Assumption 5: The final concept will perceived to have high usability (Effective, efficient 
and satisfactory goal achievement). 

Assumption 6: The information presented helps the user to understand the systems 
current state, transitions and intentions. 

Table 7: Follow-up of assumptions. 

 
 

 METHOD VERIFIED? COMMENTS 
Assumption 1 Semantic 

differential & 
comments 

Yes The results from the user test showed that the final 
concept was perceived as more pleasant to use than a 
button (4 vs. 3,1/5p). 

Assumption 2 Semantic 
differential & 

comments 

Yes The results from the user test showed that the final 
concept were perceived as more novel than a button 
(4,4 vs. 2,8/5p). 

Assumption 3  Semantic 
differential & 

comments 

Partly The total mean value of the experienced safety of 
using the concept was 3,5/5p. 

Assumption 4 Expectation 
measure & 
semantic 

differential 

Partly The total mean value of experienced ease of use of the 
concept was 3,8/5p in the semantic differential. For 
the measure of expectation, 87,5% of the tests 
experienced the concept to be easy to use. 

Assumption 5 Semantic 
differential & 

comments 

Partly The total mean value of experienced usability of the 
concept was 4,1/5p. 

Assumption 6 Thinking out 
loud & 

comments 

Partly The information presented to the user during the test 
helped the user to understand the systems current 
state, transitions and intentions, though some 
improvements are to be made. 
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7.5 RESULT CONCEPT EVALUATION 
The user test confirmed two of the assumptions and four partly. The results showed generally 
good responses to the concept. Some changes are to be made to improve the concept further: 

Concept 

 Use blue light to represents automation and white light to represents manual drive  
 Change the direction of the interactive surface in the opposite direction on the 

steering to signify an arrow pointing towards the platoon in front  
 
The user test showed that the information presented in the model of the HUD was generally 
easy to understand. Some improvements are to be made to the information to eliminate 
usability problems and make the information more clearly to the driver: 

HUD information 

 Indicate when lateral and/or longitudinal control is activated 
 Change the symbol that represents that you are able to let go of the steering wheel 
 Increase size of information in HUD 
 Clarify	   difference	   between	   “Available	   platoon”	   and	   “Ready	   to	   connect”	   earlier. Give 

information about how far away the platoon is and how you are supposed to drive to 
catch up.  
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CHAPTER 8  

RESULT 

The result of the project is presented in this chapter. Initially, details of the concept are 
presented, followed by a description of the information and interaction areas and the scenario 
where the concept is to be used. Lastly, additional details of the concept are described. 

8.1 DESCRIPTION OF CONCEPT ISSA 
Concept ISSA is presented in Figure 68 along with a description of main function, components 
and included areas for information and interaction, see Figure 69. The concept is on a 
conceptual level, no measurements, distances or time periods are specified. 

Figure 68: Front view and side view of Concept ISSA. 

Concept name: ISSA (Interactive Surface Swipe Activation). 

Main function:  Activation of automated mode for connection to a platoon. 

Components:  Two lights on the top and bottom of the steering wheel ring and a lighted 
touch sensitive surface in the center of the steering wheel. Structure in 
material surrounding the surface. The color of the steering wheel is black or 
dark grey to fit into other cabin interior. 

Interaction:  The driver interacts with the ISSA by swiping on the touch sensitive surface. 

Feedback:  Feedback is given to the driver visually by light indications. White light 
represents manual driving and blue light represents automation. Movement in 
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the light indicates in what direction the interaction should be done. Haptic 
feedback is given by the structured surface while swiping. 

Added extras: As accompaniments for the concept, information given in the HUD as well as 
auditory and visual feedback indicating successful activation, see section 8.2. 

Figure 69: Concept ISSA, information and interaction areas. 

8.2 SCENARIO FOR CONCEPT ISSA 
The scenario for the concept ISSA is presented in this section, including information given in 
the model for the HUD and on steering wheel.  

8.2.1 STEP 1 – MANUAL DRIVE 

Driving manually on a highway. 

 

Figure 70: Scenario Step 1 

HUD:    An overview of the road indicates your position.  

Steering wheel:  The light on the bottom of the steering wheel shines in a white light to 
indicate manual drive. 
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8.2.2 STEP 2 – PLATOON AVAILABLE INITIAL 

Driving manually. Receiving information about an available platoon ahead.  

Figure 71: Scenario Step 2 

HUD:  An overview of the road indicates your position and the position of the 
platoon. Information regarding an available platoon ahead appears, 
including information about distance, destination, and platoon leader 
and for how long you have to keep on driving to reach it. 

Steering wheel:  The light on the bottom of the steering wheel shines in a white light to 
indicate manual drive. 

Exceptions:  The information will only appear if a platoon is available, that you are 
allowed to connect and that it is in reach within a reasonable time. 

8.2.3 STEP 3 – PLATOON AVAILABLE INTERMEDIATE 

Driving manually. Platoon is visible ahead. 

Figure 72: Scenario Step 3 

HUD:  An overview of the road indicates your position and the position of the 
platoon. Information about the platoon is visible. An orange arrow 
appears that indicates that the system has the platoon in sight. 

Steering wheel:  The light on the bottom of the steering wheel shines in a white light to 
indicate manual drive. 
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8.2.4 STEP 4 – PLATOON AVAILABLE FINAL 

Driving manually. Connection to platoon possible. 

Figure 73: Scenario Step 4 

HUD:  An overview of the road indicates your position and the position of the 
platoon. Information about the platoon is visible. An arrow indicates 
that the system has the platoon in sight. A symbol appears and 
indicates that a swipe should be done to connect to platoon. 

Steering wheel:  The bottom light shines in a white light to indicate manual drive. A blue 
light moves upwards on the touch sensitive surface to indicate that 
connection is possible by swiping. The blue colored light indicates that 
the function for automatic driving. 

Exceptions:  If	   you	   don’t	   want to connect to the platoon, you will just keep on 
driving and the request for connection will disappear. 

8.2.5 STEP 5 – CONNECTION REQUEST RECEIVED 

Driving manually. Connection to platoon successful.  

Figure 74: Scenario Step 5 

HUD:  A map indicates your position and the position of the platoon. 
Information about the platoon is visible. The arrow changes color to 
blue, a pulse of blue light is generated in the cabin and a sound is heard 
to indicate that the connection request has been received. Symbol 
indicates intended transition, lateral and longitudinal control not yet 
active. 
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Steering wheel:  The bottom light and the touch sensitive surface is turned off. The top 
light shines in a blue light to indicate transition to automatic drive. 

8.2.6 STEP 6 – TRANSITION OF CONTROL 

System taking over control, lateral and longitudinal. Driver can let go of steering wheel and 
pedals. 

Figure 75: Scenario Step 6 

HUD:  A map of the road indicates your position and the platoon. Information 
about the platoon is visible. An arrow indicates that the system has the 
platoon in sight. A symbol indicates active lateral and longitudinal 
control. Haptic feedback is felt through the steering wheel when the 
system takes over steering. 

Steering wheel:  The top light shines in a blue light to indicate automatic drive. 

Exceptions:  If only longitudinal control is available, it will be indicated in the HUD. 

8.2.7 STEP 7 – PLATOONING INITIAL 

Automatic driving, lateral and longitudinal control. System closing up on platoon. 

Figure 76: Scenario Step 7 

HUD:  A map of the road shows your position and the platoon. Information 
about the platoon is visible. A symbol indicates active lateral and 
longitudinal control and decreasing distance. 

Steering wheel:  The top light shines in a blue light to indicate automatic drive. 
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8.2.8 STEP 8 – PLATOONING FINAL 

Automatic driving, lateral and longitudinal control. Platooning. 

Figure 77: Scenario Step 8 

HUD:  An overview of the road indicates your position and the position of the 
platoon. Information about the platoon is visible. Symbol indicating 
active lateral and longitudinal control for platooning and a short 
distance to the vehicle ahead. 

Steering wheel:  The light on the top of the steering wheel shines in a blue light to 
indicate automatic drive. 

8.3 SCENARIOS OUTSIDE OF USE CASE 
Solutions that are a part of the concept but not included in the use case are described below. 

8.3.1 DISCONNECTING FROM PLATOON MODE 

For leaving a platoon as the last vehicle in the line, a swipe in the opposite direction, as for 
connecting, will be performed. An indication is then made to the system that you wish to leave 
the platoon and take back manual control. The system will then slow down to increase the 
distance to the vehicle in front and wait for an appropriate distance before giving you the 
opportunity to break/steer to take over control. 

If another truck is positioned behind the truck in the platoon during the disconnection, the 
following truck get information and also increase the distance between the trucks temporarily 
giving the truck space to disconnect.  
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CHAPTER 9  

DISCUSSION 

This chapter consists of discussion of the result of the project, the area of interest, advantages, 
disadvantages and consequences associated with the result. The results is also discussed 
regarding three of the assumptions that were valued as interesting to discuss. Lastly, the outset 
for the project, the process and effectuation of the project is discussed and recommendations for 
future studies are listed. 

9.1 DISCUSSION OF RESULT 
The area of automated vehicles is currently emerging and the details of automated vehicles in 
a platoon has not yet been defined (Bergenhem, et al., 2012). The development of the concept 
ISSA has therefore investigated different solutions for interaction between a driver and an 
automated truck for activation of platoon mode in the near future. The development and 
investigation of concepts for interaction between driver and automated truck has intended to 
contribute to automated trucks becoming a feasible reality, through finding new suitable ways 
to interact with the automated vehicle. 

The development of automated functions entails several advantages, e.g. platooning for 
decreased fuel consumption (Alam, et al., 2015) but it also implies several challenges, e.g. 
interaction between driver and vehicle (Walker, et al., 2001) and also means adding yet 
another function to the truck. It is of great importance that the driver understands how to 
interact with the automated vehicle and that the driver gets suitable feedback. It is therefore 
of interest to investigate new solutions that are coherent with the purpose of the function and 
that gives appropriate feedback. 

Assumption 1: The final concept will be perceived as more pleasant to use than a button.  

Elements that were included in the semantic differential during the user tests regarding 
pleasant to use were exciting, beautiful and impressive. Compared to the other concept that 
was tested, the button concept, concept ISSA was perceived as a more pleasant way of 
interacting with a truck. The concept was perceived as an exciting and impressive concept 
which probably contributes to the pleasant experience. The interaction in Concept ISSA has 
also been designed with the intention of being coherent with its purpose (transferring the 
control of the vehicle forward) compared to pressing a button, which can also have 
contributed to the experience of ISSA being more pleasant to use. 

Assumption 3: The final concept will contribute to the driver feeling safe and in control.  

The general result from the user tests were that concept ISSA was experienced as safe to use 
and that the participants experienced a high level of control. Positive comments that were 
made were that the concept was easy to understand, good visual guidance, within good reach 
and that the function did not interfere with normal usage of a steering wheel. These 
experiences can all have contributed to the feeling of the concept being safe to use. 
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One important aspect during the development was that you should not have to let go of the 
steering wheel to activate. With concept ISSA, you have to let go with one hand to swipe but 
can keep the other one on the steering wheel which was experienced as positive and could 
have contributed to the feeling of safety and being in control while using the concept. When 
using the concept it also does not matter if you are left or right handed. Only one participant 
mentioned that aspect to be unsafe. Other problems experienced during user tests were 
mainly about changes that were desirable for the HUD such as to increase the size of the 
information somewhat and that information about lateral and longitudinal control were 
missing which can have contributed to feeling less safe when using the concept. These 
changes were made to the final concept, and further testing should be made to investigate if 
the changes has improved the understanding of the system and the feeling of safety. 

The development of the concept was focused on being intuitive and to give clear feedback to 
the driver. Compared to a button concept ISSA is intended to be more intuitive due to the 
activation gesture being performed in the direction of the intended control transition. The 
function will also only be available when the requirements for platooning are met so that 
activation cannot be made unintended under conditions that does not support platooning, 
which is intended to increase the safety of the concept.  

The goal of the activation is to transition the longitudinal and lateral control from the driver to 
the automated system. If the transition of control is not done correctly it can imply a danger 
for the driver and other vehicles in its surrounding. It is therefore of great importance that no 
unintended actions can be made and that the driver is aware of what mode is activated.  

Assumption 6: The information presented helps the user to understand the systems current 
state, transitions and intentions. 

Endsley (1997) mentions the importance of maintaining situation awareness for automated 
systems. A driver of automated vehicles also needs to understand what mode is currently 
activated and be able to monitor and understand the system in order to avoid inappropriate 
actions (Lange, et al., 2015). Concept ISSA is designed to give information on the steering 
wheel and in the HUD to help the driver understand current state and contribute to the 
situation awareness. During the user tests, the participants understanding of the concept was 
tested by the think aloud method. The general result was that the participants understood the 
information given in the HUD, the systems current mode and the mode transitions that 
occurred. The fact that the participants generally understood the information from the HUD 
and how to interact with the concept can also have been a contributing fact of the experience 
of safety and the feeling of being in control, as mentioned in Assumption 3. 

Norman (1990) describes feedback as essential for the appropriate monitoring of actions of 
automation in industries. If feedback is absent then the operator might not know if the 
request has been received or if problems have occurred (Norman, 1990). Apart from the 
information in the HUD, the steering wheel has two lights, one on the top and one on the 
bottom to give feedback about current mode and who is in control. Avoid mode errors, i.e. 
doing an appropriate operation for one mode when in fact you are in another mode (Norman, 
1983). The lights are designed with a direction as if pointing towards who is in control. The 
lights together with the information in the HUD gives the driver feedback of the current 
automation mode to improve mode awareness, i.e. the operator’s	   knowledge	  of	   the	  current	  
mode (Leveson, et al., 1997; Sarter & Woods, 1995). With the purpose of increasing mode 
awareness, blue light was chosen to represent automation (the top and middle lighted areas) 
and white light to represent manual driving (the bottom light). Feedback by sound (Brewster, 
2003) is also given in order to increase the understanding by multimodal feedback rather 
than simply visual (Lange, et al., 2015). The additional lights was not tested in the user tests, 
but is intended to further improve the drivers understanding of current mode. 
 



83 

General user experience 

Novelty and pleasure, that were aimed for when developing the concept, are both qualities 
that can be described as hedonic, which stimulate the user and the user’s identification to a 
product (Hassenzahl, 2004). Ease of use and usability, that were also aimed for, are qualities 
that can be described as pragmatic, which support the achievement of a goal (Hassenzahl, 
2003). By addressing both hedonic and pragmatic qualities a concept can be perceived as 
more desirable (Hassenzahl, 2003). The development of the concept ISSA has thereby focused 
on both hedonic and pragmatic qualities, and thus created conditions for a desirable concept. 

Some qualities in UX may be more important in the beginning of the experience while other 
are crucial in the long term, e.g. learnability and novelty which may be crucial in the initial 
acceptance while other aspects	  such	  as	  the	  product’s	  usefulness	  can be important for the long 
term use, as described by Karapanos, et al. (2009). The user tests showed that the concept 
was perceived as more novel than a button which can affect the user first acceptance of the 
function. The concept also uses a familiar and modern gesture in terms of swiping, which may 
be beneficial for the learnability. 

As described UX changes over time and it is important to consider the user’s	  experiences after 
a longer period of usage (Karapanos, et al., 2009). The user test investigated qualities that are 
associated with long term UX, such as usability and ease of use, but usage over a longer period 
of time was not investigated. The user test showed good results for the ease of use and the 
usability which can indicate good user experience over time, but further studies are 
recommended to investigate long-term effects. 

Advantages and disadvantages 

Brewster (2003) argues that visual feedback should not require too much visual attention. 
The final concept does require visual attention by both light and motion. This could be seen as 
beneficial because of it noticeably notifying the user of how and when to interact, however it 
could also be too visually demanding for the driver which could have a negative influence for 
safety. No comments were made during the user tests about if ISSA required too much visual 
attention or not. It is therefore important that the concept is tested further regarding this its 
demand for visual attention. Lange, et al. (2015) states that feedback can be given via multiple 
channels for a better result. The auditory and haptic feedback (by the material on the steering 
wheel and by the system taking over and beginning to steer when the transition of control is 
completed) is expected to strengthen the users understanding of the concept further than 
simply using visual feedback. 

The design of the concept was chosen in order to trying to achieve coherency and feeling of 
future in the function as well as being fitted into a Volvo truck. The interaction is intended to 
be familiar to the user in terms of swiping in order to activate something and coherent in term 
of swiping in the direction of the control transition. By incorporating the concept ISSA into 
Volvo trucks, there is a possibility of added value to the truck through the interaction being 
perceived as novel, desirable and contribute to a new way of interacting with the trucks. In a 
bigger picture, a desirable interaction to activate platoon mode can lead to the function being 
used to a higher degree and thus gaining the benefits of platooning, such as reduced fuel 
consumption (Alam, et al. 2015; Kato, et al., 2011), increased transport efficiency (Krupenia, et 
al., 2014) and truck hauler profits. Implications for the truck drivers associated with 
automated vehicles is not yet fully defined and could be both positive, in terms of comfort 
while driving (Ohlson & Osvalder, 2015) or negative, in terms of insufficient situation 
awareness (Merat, et al., 2012). 

The interactive surface could also offer possibilities to create new application areas, e.g. by 
using different lights, colors or different ways of swiping for other functions. 
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9.2 DISCUSSION OF PROCESS AND METHODS 
Outset for project 

The thesis was in the beginning of an exploratory nature with many undefined parameters 
such as defined requirements for HMI for autonomous trucks or a mutual view of how a 
connection to a platoon in detail should be done. 

Research found regarding the subject of HMI in automation mainly consisted of research 
made in flight- and production industry, which can be seen as somewhat but not completely 
valid for the purpose. Research about automation in passenger cars was also found, but as 
Nowakowski, et al. (2015) states, there is a difference in motivations for automation in trucks 
and cars and all design conclusions for cars is therefore not necessarily applicable in trucks. 
The lack of defined requirements and research regarding the area could have led to the final 
concept not addressing important requirements such as safety related issues. That will be 
determined as requirements for HMI in autonomous vehicles in the future. 

Since the area is within development, users also don’t	  have	  much	  knowledge or experience in 
the technology which can make it hard for them to imagine and to have opinions about the 
function of platooning. This lack of experience in the function could have had an effect in the 
results from the user involvement in the design process and making it less reliable. 

Effectuation of project 

According to ISO 9241-210 (SIS, 2010), valuable knowledge about the users opinions about a 
product can be contained by involving users in the design process. Truck drivers were 
involved in the exploratory phase of the project, but were due to secrecy issues not involved 
in the following phases. Instead, expert users from Volvo were used and judged as valid 
substitutes. The fact that expert users participated in the phases of concept development and 
evaluation, and not real users, could have had an effect on the results of those parts. Osvalder, 
et al. (2010) also describes that the participants in a user test should be ones similar to the 
target user for the concept. The target users for the concept are truck drivers and not expert 
users and therefore the participants of the tests should have been real truck drivers to 
increase the reliability of the results.  

Design criteria were formulated out of the interviews and information from literature. These 
criteria were not fully separate, but somewhat overlapped each other. As an example, the 
criteria	   “easy	   to	   use”	   was	   presented	   twice and the criteria aesthetically appealing and 
pleasant to use could be seen as addressing similar needs. The fact that some criteria were 
reoccurring or similar could have had an effect of the results of for example the concept 
scoring where the requirements were used for ranking the concept. Eventual similarity in the 
requirements were not considered and can therefore have had an effect that gave some 
criteria a higher significance during the ranking due to overlapping. 

During the exploration phase, semi-structured interviews and observations were made with 
truck drivers from PostNord to understand and specify the context of use and specify the user 
needs. The interviews and observation contributed with qualitative data from real users, 
which were analyzed and formulated into design requirements regarding user needs. As 
Osvalder, et al. (2010) describes, one disadvantage with interviews is that the data collected is 
self-reported and may thereby not agree with the actual situation. During the interview, the 
fact that the interviewer has to be present can also affect the answers (Osvalder, et al., 2010) 
which can have affected the results. The process of interoperating the data required subjective 
assessment which possibly affected the reliability of those design criteria. 

The choice of design for the concept in the end of the concept development phase was made 
by the authors. According to Osvalder, et al. (2010) a group of experts with knowledge in the 
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product can be used when a new interface is to be valued. An additional evaluation with 
expert could have benefitted the choice of design to further validate the choice. There was also 
no design study made of future Volvo trucks which could have been beneficial to ensure that 
the concept was well fitted into future Volvo trucks. 

During the concept evaluation, low-fi prototypes of concept ISSA and concept button was 
constructed in order to be used in the user tests. The two prototypes were constructed in 
order to try out functions rather than design, as Rettig (1994) proposes. But the low-fi 
prototypes can have affected the test participants experience of the prototype and have made 
them rank the concept lower in for example UX and looks. 

During the user tests in the evaluation phase, the synchronization between the test 
participant’s interaction with the steering wheel and the response given, in terms of feedback 
in the PowerPoint, did some times experience a delay which can have affected the participants 
total experience of the concepts and thereby also the results of the test. Osvalder, et al. (2010) 
also states the importance of treating all participants in the same way during user tests. The 
circumstance of delays during the tests did not occur in all tests but only some, which could 
have had an effect of the results of the tests. 

The numbers of participants could also have affected the results of the different tests. During 
concept evaluation, tests were made with eight participants which according to Osvalder, et 
al., (2010) is an appropriate number for usability tests. The number of participants can be 
seen as enough for finding most of the usability problems but more participants would be 
beneficial when concluding preferences and opinions of users. The survey regarding ideas 
was handed out to four experts because those were the only ones at hand with real experience 
in platooning. In the user tests for swipe alternatives, six people participated. To strengthen 
the reliability in the results from those tests, the number of participants could have been 
increased. 

9.3 FUTURE STUDIES 
The concept implies visual attention in terms of light and movement. Further testing should 
be done to investigate to what level this disturbs the user while driving, for example by using 
eye tracking. The design of the light and movement should be adapted according to the results 
of such a test. 

The fact that the UX of a product changes over time should also be investigated to see what 
improvements that can be made to ensure that the driver will be willing to keep on using the 
function in the future. 

For further development of the concept for possible future use, the technology, use of 
materials and design for the concept should be developed. More detailed tests should be 
performed regarding HMI and safety to better understand the interaction between the driver 
and the concept. Driver workload, under load and how to keep the driver in the loop should 
also be investigated, as well as economic aspects and cost of production. 

Other use cases should be investigated in order to see if the concept fits in to a wider 
perspective of use than simply connecting to an existing platoon from behind. For example, 
the interaction with the concept for connecting or leaving a platoon from the middle of a line 
of trucks should be considered. Use cases regarding the leading vehicle should also be 
investigated. 

The idea of the concept enables other possible applications for use than just platooning. What 
those applications could be should be investigated, as well as if the concept can be implicated 
into other use areas than just trucks. 



86 Discussion 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



87 

CHAPTER 10  

CONCLUSION 

This chapter describes the resulting conclusion of the thesis based on the purpose, aim and thesis 
questions. 
 
The purpose of the thesis was to develop a concept for a driver initiated joining to a platoon. 
The aim was to design a concept which is coherent with the function of joining a platoon, 
perceived as novel (i.e. different to conventional buttons and knobs that you find in trucks 
today) and that has good UX. The thesis questions were; 

 
Q 1 How can a concept for a driver initiated activation be designed to be coherent with the 

joining of a platoon? 

The concept ISSA is a concept developed for a platooning use case for connecting to an 
existing platoon. The design incorporates a lighted touch sensitive surface in the middle of the 
steering wheel and the activation is done by swiping forward over the surface. The activation 
gesture is designed to be coherent with its function in terms of transferring the control of the 
vehicle from the driver to the platoon in front. 

The concept is developed to fit into a future perspective of truck driving, to have a familiar 
design, good UX and contribute to the use of the function to gain the benefits associated with 
platooning. 

 
Q 2 What design criteria/attributes should be considered when designing the concept, 

regarding; 

iv. User needs 

User needs found regarding automated driving were safety, ease of use, functionality and that 
the concept should be aesthetically appealing. The intentions when developing the concept 
ISSA was to address these user needs. The results from the user tests indicate that ISSA is 
perceived as both safe and easy to use and that ISSA does not perform inferior to a 
conventional solution for activation in those subjects. 

 
v. HMI 

Regarding HMI in automated vehicles, visible system status, intentions and transitions were 
found to be central as well as to prohibit unintended actions and that the driver should be in 
control. ISSA is designed with the intention that the interactive surface should be obvious and 
that the light on the surface should help the driver understand when an activation is possible 
and what gesture to perform if wanting to connect. The top and bottom lights in blue and 
white is intended to increase the driver’s awareness of current mode and system status.  
The information given in the HUD is intended to give the driver information about system 
status, intentions and transitions. The results from the user tests indicated that the user did 
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understand the information that vas provided. To prohibit unintended actions, the concept 
has been developed to only be available when the conditions for a successful connection to 
platooning are met. 
 

vi. UX 

Central criteria that were found regarding UX were novelty, ease of use, pleasant to use, 
aesthetically appealing and effective-, efficient- and satisfactory goal achievement (good 
usability). The development of ISSA has intended to address qualities for UX and usability and 
the user tests indicated that the concept had good usability and that it was perceived as easy 
to use. The results from the tests indicated that ISSA outperformed a conventional solution for 
activation regarding novelty and pleasure of use for the test group used during the user tests. 
The comments from the user tests also indicated that ISSA was perceived as good looking. 
 

Conclusively, ISSA implies a new concept for interaction between driver and automated 
trucks, specifically developed for platooning. The concept could replace buttons in order to 
perform an activation that is coherent with its purpose of connecting to a platoon. ISSA is 
developed to have good UX and to incorporate novelty into the function. ISSA also enables 
other possible applications of use than just platooning. What those applications could be and 
the effects of the concept are still to be discovered as well as if the concept can be 
implemented into other areas than just trucks. 
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APPENDIX A  
 
INTERVIEW QUESTIONS 

 
Hej! 
Vi är två studenter från Linköpings universitet som just nu arbetar med ett projekt som 
handlar om lastbilskörning på motorväg. Har du tid att svara på några korta frågor (ca 10 
min)? 
 

1. Hur skulle du beskriva din typiska körning? (Mil per körning, typ av väg, tid på 
dygnet) 
 

2. Ungefär hur många år har du arbetat som lastbilschaufför? 
 

3. Vad tycker du är det bästa respektive sämsta med ditt jobb? 
 

4. Vad gör en bra körupplevelse? 
 

5. Vilken är din favorit tekniska produkt? Varför? 
 

6. Vilka stödfunktioner använder du/använder du inte vid körning på motorväg? (ACC, 
lane assist, GPS, collision warning system osv.) Varför/Varför inte? Vilka har du i din 
lastbil? 
 

7. Är det någon funktioner som du hade önskat fanns i lastbilen som inte finns idag? 
 
Har du hört talas om platooning?  
Tänk dig att du kör på en motorväg och ser ett lastbilståg framför dig. Lastbilarna i 
detta tåg är sammankopplade trådlöst och känner av varandra. Om du vill kan du 
lägga dig sist i detta tåg, din lastbil lägger sig då i automatiskt läge och du kan lämna 
över kontrollen helt till lastbilen.  
(Några fördelar: Spara bränsle genom att köra tätt samt att föraren i det första 
fordonet kan ha kontrollen över hela tåget.) 
 

8. Vad är din åsikt om platooning (positivt/negativt)? Hur tror du att en 
sammankoppling till en sådan platoon skulle kunna funka bra respektive dåligt? 
 

9. Hur hoppas du att arbetet som lastbilsförare kommer att se ut i framtiden? 
 

Tack för din tid! 
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LOTUS BLOSSOM 
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COMPILATION OF IDEAS 
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PUGHS MATRIX 

ACTIVATION – 1st step 

 

  

ACTIVATION – 2nd step 
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FEEDBACK – 1st step 

 
 

FEEDBACK – 2nd step 

 
 

FEEDBACK – 3rd step  
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SURVEY REGARDING IDEAS FOR ACTIVATION 
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SKEWING RESULTS 

 

 
  

Concept Ideas 
Concept 3  If you are not actively driving to approach the box, the system will 

understand that you are not interested in connecting to the platoon 
and the box will disappear 

Concept 4  A feed in the HUD showing your conversation with the system 
 A symbol is glowing to show when the system is talking and that the 

system is listening when you talk 
 You will get auditory information about the platoon when the 

activation is completed 
Concept 5  The activation is only possible when you are able to switch modes 

 Gear stick switching to manual automatically when performing an 
action that means that you want to take over control 

Concept 8  Clearly visible where you should hold your hands, e.g. marked by 
different material, shape, color 

 Not having to hold on for too long 
 Not only hold but squeeze gently to activate 
 A click can be felt to communicate that you have squeezed 

Concept 9  Visible in the shape of the steering wheel where to interact, e.g. by 
material, shape 

 Natural grip 
 Swipe e.g. upwards to activate and downwards to deactivate 
 Familiar design e.g. inspiration from sliders in smartphones for 

unlocking 
 Clear feedback that something is happening with e.g. light and sound 
 Need to perform a two folded gesture to activate to decrease the risk 

of unintended activation  
Concept 11  Symbol showing how to perform the action 

 Steering wheel moving slightly backwards after activation to 
symbolize the transfer of control 
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CONCEPT SCORING 

  



Appendix H 

APPENDIX H  
 
SURVEY SWIPE ALTERNATIVES 
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USER TEST MATERIAL 

  



Appendix I 

  



Appendix J 

APPENDIX J  
 
SEMANTIC DIFFERENTIAL RESULTS 
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