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Abstract  
 
This thesis focuses on the development and evaluation of a haptic interface for the advanced comfort seats 

in a car. This work has the main stakeholder Volvo Car Group in mind but is formally conducted at Luleå 
University of Technology. More adjustments options have been added to the driver seat in personal cars 

due to rising demands in user customization. The interaction with these new functions takes attention 

from the driver and no standardized interface has emerged. This thesis aims to evaluate the user satisfaction 

when haptic feedback is introduced to the interface. To be able to evaluate the user satisfaction and to 

answer the main research question: How does the driver perceive the use of the advanced seat functions during 

driving when haptic feedback is introduced to the interface compared to visual feedback systems? a test rig with haptic 
feedback was built. During the situation analysis car dealers were visited and an analysis of the current 

interfaces and usage of them was done. To further grasp the field of haptics relevant literature regarding 

haptics was consulted to see which technologies are available and the work that has been done on the 

subject so far. A theoretical framework is collected to see early in the process if something similar has been 
done and to be able to make informed decisions based on the research already performed. The methods 

used to achieve results revolve around doing small and frequent tests to be able to early approve or discard 

a concept. Two different feedback generating systems was evaluated, at first a “balloon” concept where 

an air bag is inflated under the upholstery to create feedback. This concept got discarded due to difficulties 

making it work properly even though it holds merit. The other concept which was used in the test rig 
creates feedback with DC-motors rotating a weight eccentrically. To control these vibrating motors a 
relay circuit was built which were connected to a digital I/O-box. A program was created to enable the 

user to operate the interface via buttons on the seat. The buttons that the user interacts with were created 
with rapid prototyping and attached to the side of the seat close to the standard buttons. The design of 

the circuit, program and physical interface went through several iterations each. The user tests aimed to 
evaluate the user satisfaction when they used the interface with different types of feedback such as haptic 
only, visual only or a combination of the two. The main tool for evaluation was the Microsoft product 

reaction cards (PRC) complemented with interviews and some collection of hard data such as time for 
completion of tasks. Lane change task (LCT) was used during the tests to simulate driving and make the 

user focus on something other than adjusting the seat. The results from the Microsoft PRC got visualized 
using a word cloud and the user opinions are summarized to be able to compare the results from the 
different types of feedback. In the test where the users tried the interface for the first time the visual only 

interface got the fastest time for task completion and the least negative remarks. But in the test where the 
user drives the LCT the interface with haptic feedback only got the fastest time and least negative remarks. 

The time values taken from the tests did not hold statistical significance but their tendencies point in the 
same direction as the users opinions. In all three tests where the user drives the LCT during adjustment 
of the seat they experienced some kind of stress or frustration but it was significantly smaller with haptic 

feedback only and the users where more positive towards the haptic only interface. This haptic interface 

should be further explored and evaluated in regard of the efficiency and effectiveness to see if it could be 

a way of improving the driving environment. This thesis shows that the haptic interface improves the user 
satisfaction during driving, it also shows tendencies that the use of the interface is faster and distracts the 

driving less when haptics is introduced. The recommendation for Volvo Car Group is to continue 

working on this concept and that visual and haptic feedback is available for the driver when the car is at a 

standstill. When the car is moving the driver should only get haptic feedback so that they are not distracted 

visually during driving. 
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Sammanfattning 
 
Denna rapport fokuserar på utvecklandet och utvärderandet av ett haptiskt gränssnitt för avancerade 

komfort säten i bilar. Arbetet har Volvo Car Group som huvudsakliga intressent men är formellt utfört på 
Luleå tekniska universitet. Fler justeringsmöjligheter har tillkommit i bilsätet i och med ökade krav på 

användaranpassning. Interaktionen med dessa nya funktoner stör förarens koncentration mot vägen då 

inget standardiserat användargränssnitt har utvecklats. Målet med detta arbete är att utvärderar användarnas 

tillfredsställelse samt att svara på forskningsfrågan: Hur uppfattar föraren användandet av de avancerade 

sätesfunktionerna när haptisk feedback introduceras i användargränssnittet jämnfört med visuell feedback system? För 

att kunna svara på dessa frågor byggdes en testrigg. Under nulägesanalysen besöktes lokala bilhandlare och 
de befintliga användargränssnitten samt användandet av dem analyserades. För att få en djupare förståelse 

för haptik undersöktes relevant litteratur för att se vilka tekniker som finns idag samt få en blid av det 

arbete som redan är genomfört i området. Det teoretiska ramverket sammanställdes tidigt i arbetet för att 

se om något liknande har genomförts samt för att kunna ta kvalificerade beslut baserade på forskning som 
redan är genomförd. Metoderna som användes för att nå resultat kretsar kring att genomföra små tester 

ofta för att tidigt kunna utvärdera koncepten. Två feedback genererade koncept utvärderades, först ballong 

konceptet där en luftblåsa blåses upp under stolens klädsel för att skapa feedback. Detta koncept avfärdades 

då det visade sig svårt att genomföra praktiskt även fast konceptet i sig har fördelar. Det andra konceptet 

som slutligen användes i testriggen skapar feedback med likströmsmotorer som roterar en vikt excentriskt. 
För att kontrollera dessa vibrerande motorer skapades en reläkrets som kopplades till en digital I/O-box. 
Ett program skapades för att användaren skulle kunna kontrollera gränssnittet via knappar på sidan av solen. 

Knapparna som användaren interagerar med skapades med hjälp av en 3D-printer och integrerades på 
sidan av stolen i anslutning till de standardknappar som redan satt där. Designen av kretsen, program och 

det fysiska gränssnittet genomgick ett antal iterationer vardera. Användartesterna syftade till att utvärdera 
användarnas tillfredsställelse när de använde gränssnittet med olika typer av feedback: endast haptisk, endast 
visuell eller en kombination av de två. Huvud verktyget för att utvärdera var Microsoft product reaction 

cards (PRC) kompletterat med intervjuer samt insamlandet av ”hård” data så som tid för lösandet av 
uppgift. Lane change task (LCT) användes under testen för att simulera körning samt att få användaren att 

fokusera på något annat än att justera sätet. Microsoft PRC resultaten visualiserades med hjälp av ord moln 
och användarnas åsikter sammanfattades för att kunna jämföra resultaten från de olika feedback nivåerna. 
I testet där användaren upplever gränssnittet för första gången fick endast visuell feedback mest positiva 

anmärkningar samt snabbast tid för lösandet av uppgift. Under testet där föraren kör LCT fick gränssnittet 
med endast haptisk feedback snabbast tid och mest positiva anmärkningar från användarna. Tiderna som 

samlades in under testerna har inte statistisk signifikans men tendenserna hos dem pekar åt samma håll som 
användarnas åsikter. I alla tre test där användarna kör LCT och justerar sätet upplevde användarna någon 
typ av stress eller frustration men dessa negativa känslor var betydligt mindre i testet med endast haptisk 

feedback. Användarna var också generellt mer positiva mot att endast ha haptisk feedback under körning. 

Detta haptiska gränssnitt bör undersökas och utvärderas vidare med prestationsmått i fokus för att se hur 

det påverkar förarmiljön. Denna rapport visar att haptisk feedback ökar användarens tillfredsställelse under 
körning, den visar även på tendenser att användandet av gränssnittet går snabbare samt att det distraherar 

föraren mindre när haptik introduceras. Rekommendationen till Volvo Car Group är att fortsätta utveckla 

detta koncept. När bilen står still skall föraren få tillgång till visuell och haptisk feedback för att det ökar 

förståelsen för gränssnittet. När bilen rör på sig skall föraren endast ha tillgång till den haptiska feedbacken 

för att inte distraheras visuellt i sin körning. 
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1 Introduction  
The focus of this report is a master thesis project involving design of a haptic user interface, 

for adjustment of an advanced car seat. The project was performed during the spring of 2014 
for the stakeholder Volvo Car Group, as the final examination for a degree of Master of 

Science in Industrial Design Engineering at Luleå University of Technology (LTU). Volvo 

initially wanted to examine the possibility of and the customer value associated with 
implementation of haptic feedback in the driver seat. Haptic feedback in the seat in this 

context refers to the user receiving a signal from the activated function in the seat that they 
can feel. To examine the effects on usability while adjusting the seat during driving has 

therefore been a major part of the current project. The methods used are the ones 
implemented in the Industrial Design Engineering program at LTU. This master thesis is 

written with the client company and main stakeholder Volvo Car Group in mind, with the 
purpose that Volvo Car Group should be able to use it as a guide-line in determining if 

haptic feedback should be implemented in their interface.  

 

1.1 PROJECT INCENTIVES 
Since the introduction of cars in the late 

1800s there has been a massive 
technological evolution (Akamatsu, 

Green & Bengler, 2013). When cars first 
were introduced, and in some countries 

still today, the seats simply consists of seats 
that are bolted to the floor. Rising 

demands on driving ergonomics and user 

customization have led to more and more 
adjustment options in the cars seat. The 

rapid technological advancements in the 
driving environment run the risk of 

exceeding the research regarding human 
factors and human-computer interactions 

which might effect the safety in a bad way 

(Walker, Stanton & Young, 2001). 
Today, at least in the western world, some 

car seats have so many functions that it is 
hard to map each function to a button, 

without the interface being cluttered. A 
representative example of this is the seat 

function and interface BMW uses (Figure 
4). To control the lumbar support there is 

one button with two degrees of freedom, 

the hip and side support uses one button 
to inflate and one to deflate, seat length 

one button, seat position, height and tilt 
one button with three degrees of freedom, 

back, shoulder and neck support one 

button with three degrees of freedom. As 
you can see there are a lot of buttons and 

functions and in this particular seat 10 
degrees of freedom to control, and 

according to Normark (2014) the 
increasing number of functions in a car is 

problematic when there are a button for 

everything. It easily becomes cluttered 
and hard to grasp the entire interface 

when the designers try to represent each 
function with a specific button. With this 

many buttons the user have to search with 
his/her hand for the right button and then 

adjust the function, while doing this the 

driver might be tempted to take their eyes 
of the road to find the buttons more easily. 

The driver should never take their eyes of 
the road for more than 2 seconds to ensure 

save driving according to Zwahlen, 
Adams & DeBals (1988). It seems like the 

design of the user interface is important to 
ensure the driving safety.  

 The advanced functions are fairly new 

compared to the basic adjustment 
possibilities and the interface for the 

advanced functions has had shorter time 
to mature and find a proper mapping. The 

standard functions such as seat position 
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and back tilt are somewhat standardized 

since the seat can be represented with 
buttons that look like a seat.   

 Some car seats have so many functions 
that it is hard to map each function to a 

button without the interface being 
cluttered, the common solution today is 

to combine multifunction control (MFC) 
panel with visual feedback. The purpose 

with this thesis is to examine if haptic 

feedback in the driver seat can be used to 
increase the usability and at the same time 

make the interface more user friendly. 
Since accomplishing safe driving relies 

mainly on vision (Hills, 1980) the 
introduction of haptic feedback could 

make driving safer since the driver does 

not have to look at the interface to make 
informed decisions while adjusting the 

seat. 
 Haptic feedback in this context refers 

to making the user aware of which 
function is active by sending out a signal 

that the user can feel. The idea is that the 
advanced functions act as the generator of 

haptic feedback as well. When for 

example the lumbar support is activated it 
will move back and forth so that the user 

can feel that it is in fact the lumbar support 
that is active. This will hopefully lead to a 

more intuitive interface that allows the 
user to be more focused visually toward 

the road. It will also add functionality to 

the interface without adding production 
time or cost since the added feature is at 

the software level. The customer -
acceptance and -value will also be 

evaluated all in the purpose of finding out 
if Volvo Car Group should apply this 

technology to their products. This 
assignment is created by Volvo Car Group 

but formally performed at Luleå 

University of Technology (LTU). The 
main stakeholder is the driver, his or her 

needs that are to be examined in terms of 
acceptance, usability experience, and user 

value. Secondly, Volvo Car Group is a 

major stakeholder, as project owner. The 

major needs for Volvo Car Group is to 
gain information whether or not to invest 

in haptic feedback in car seats.  
 

1.2 PROJECT OBJECTIVES 
The aim of the current master thesis 
project is to evaluate the customer value 

and usability of the introduction of haptic 
feedback to the seat adjustment user 

interface. A test rig was constructed to test 

these parameters. The test rig will be 
compiled of a standard Volvo seat with 

feedback generating elements embedded 
in the upholstery in the places 

corresponding to where the functions will 
be. To control the feedback elements 

some circuit building and programming 

were done. The test rig was designed in 
such a way that you can choose which 

type of feedback is available: only haptic 
or visual or a combination of the two. 

Since this thesis ran in parallel with 
another thesis work written by John 

Hansson Winqvist the satisfaction part of 
usability and building the test rig was the 

main focus in this thesis and effectiveness 

and efficiency was the focus of the other 
thesis. The results in this thesis are in the 

form of an analysis of the user’s thoughts 
of the different type’s feedback with 

haptic feedback in particular.   

1.2.1 Research questions 

The overall aim of this project is to 

understand: 
How does the driver perceive the use of the 

advanced seat functions during driving when 
haptic feedback is introduced to the interface 

compared to visual feedback systems? 
From this aim a number of research 

questions are formulated: 

1.   What happens to the driver’s 
attention toward the road during 

an adjustment of the seat when 
haptic feedback is introduced to 

the interface?  
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2. Is the task of adjusting the seat 

completed faster compared to 

visual feedback systems, when 

haptic feedback is introduced?  

3. Does the user find the interface 

more intuitive when haptic 

feedback is introduced?  

4. Which combination of feedbacks 

does the user prefer, haptic, 

visual or a combination of the 

two?  

5. What type of haptic signals work 

in a driving environment? Are 

there specific amplitudes, 

waveforms and frequencies that 

gets amplified or decreased in a 

driving environment and the 

human body?  

6. User acceptance, does the user 

appreciate the introduction of 

haptic feedback to the interface? 

7. Is the haptic feedback clear to the 

degree that the user doesn’t have 

to take aid from the visual 

feedback? 

The questions above are answered in the 

conclusions chapter. 

 

1.3 PROJECT SCOPE AND 
LIMITATIONS 
Haptic feedback will be examined in 

combination with visual feedback. The 
haptic feedback will only be applied to the 

driver seat. Satisfaction is the main part of 
usability that will be investigated, 

effectiveness and efficiency is the focus of 
another thesis work running parallel with 

this one. The satisfaction will be evaluated 

with user tests. The advanced functions in 
the test rig are simulated with vibrations, 

and will not move when the user 
“adjusts” them. The way seats are adjusted 

today will not be questioned; this due to 

the timeframe and that it would move the 
focus of the work from evaluating haptic 

feedback to evaluating the interface. This 
work will not investigate or do any deeper 

analysis of the frequencies created in cars 
or the once created by the test rig. No eye 

tracking ore gaze analysis where done 
during this work due to the time and 

equipment demanding aspects.  

1.3.1 Schedule  

This project will be performed during a 

20 week period between 140123 and 
140606. The work is planned based on 40 

hour work weeks, The part goal of 

creating a working test rig is important so 
that the parallel thesis work have 

something to perform its tests on. The 
reason that the test rig does  not have to 

be done until half way through the work 
period is that the thesis work running 

parallel is a bachelor’s degree level and 
does not start until then. A Gantt chart 

describing the different stages of the thesis 

work process can be found in Appendix 
1. 

 

1.4 THESIS OUTLINE 
The following is a description of the 

content in each chapter.  
Chapter 2  

The situation analysis was done as the first 
step in this work to get a solid 

understanding about the user interface 
and seat functions already on the market.  
Chapter 3 
The theoretical framework served as a 

guide of how to implement the haptic 

feedback based on other relevant work 
done in this domain. 
Chapter 4  
Method and implementation describes all 

the work that has been done to create a 
working test rig and the user tests.  
Chapter 5  
Results and analysis displays the results 
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from the user tests to be able to answer the 

research questions. 
Chapter 6  

In this chapter the lessons learned during 
the work are discussed as well as a 

reflection over the work process and a 

recommendation for the continued work 

for Volvo Car Group.  
Chapter 7  

This chapter regards the conclusions from 
the work as well as the answers for the 

research questions. 
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2 Situation analysis 
 
The existing top of the line comfort seats that the car manufacturers offer has a lot of 

functions. The functions are so many that it is problematic to create a user interface with 
intuitive mapping and one button per function. Especially since the buttons often are located 

at the side of the seat resulting in no visual conformation.  
 The car companies who offer comfort seats to its customers have solved the problem in 

a variety of ways: by adding visual feedback to an interface with a multifunction control 
(MFC) panel with scroll and accept/back buttons. BMW and Jaguar has managed to 

represent all the seats functions with buttons at the side of the seat, one example is shown 
in Figure 1. Another solution is to use the touchscreen and adjust the seat from there. With 

a seat that has around twelve degrees of freedom it easily gets difficult to map the interface 

in a way that most of the users find intuitive. The different types of interfaces are listed in 
Table 1 and are described further in later chapters. The common denominator with the 

interfaces that uses a screen is that they draw visual attention from the driver’s main task, 
which is to control the vehicle in a safe way. The advantages of creating a more intuitive 

user interface reach beyond just increased safety. The link between the physical interface 
and the function it controls are far from intuitive even if the interface provides visual 

feedback. It would be profitable to make a more direct link between the interface and the 

function it controls even when the car is standing still. It could lead to higher user acceptance 
and less time spent on understanding the interface. 

 
Figure 1: How do you adjust the seat width? This multifunction control (MFC) is from a Jaguar 
YouTube (2014d). 
 
Table 1: Different categories of interfaces and thesis concept. 

Described in 

chapter: 

2.2.1 BMW 

and Jaguar 

2.2.3 Audi 2.2.2 Mercedes 

 Buttons at 
the side of 

the seat 

Buttons at the side of the seat plus visual 
feedback 

Navigation wheel 
plus visual feedback 

Multifunction 

control (MFC) 

One button 

per function, 
direct 

feedback  

One scroll button and one button to 

adjust the active function 

One navigation 

wheel (scroll button) 
push to accept, pull 

to go back 

Visual feedback No feedback Center stack screen Center stack screen 

Thesis concept: 

added haptic 

feedback 

 Active function nudges the user when it 

gets selected. Example: select lumbar 

support and the lumbar support moves 

back and forth to notify the user.  
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2.1 VOLVOS ADVANCED 
COMFORT SEAT 
In this chapter the functions of the seat 
Volvo Car Group is implementing will be 

described. 
 The functions in the seat will be 

actuated by electric motors, this according 

to Volvo Car Group. The user will 
control these functions via a 

multifunction control panel (MFC) with 
two buttons, one button that switches the 

active function and one button that 
adjusts the active function. A similar MFC 

is used by Audi (chapter 2.2.3 Audi). 

 The functions of the advanced car seat 
will be divided into two categories named 

standard functions and advanced 
functions. The standard functions are the 

once that operate the position of the seat 
such as seat height in the Z-direction, seat 

position front and back in the X-
direction, seat tilt and back rest tilt which 

rotate around the Y-axis. See Figure 2 for 

a description of the coordinate system. 

 
Figure 2: Coordinate system used for 

description of directions. 

 The advanced functions are the once 

numbered 1 to 7 in Figure 3 these 
functions are adjusted with the MFC. The 

seat cushion length adjuster adjusts the 
length of the seat in the X-direction. Seat 

cushion width and the seat squab width 
adjust the width of the seat in the Y-

direction. Seat squab height adjusts the 

position of the support for the shoulders 
in the Z-direction. The head rest can be 

adjusted up and down in the Z-direction 

as well as the enclosure of the head in the 
Y-direction. The lumbar support can be 

adjusted up and down in the Z-direction 
you can also adjust the size of it in the X-

direction.  

 
Figure 3: Describes the advanced functions 
of the comfort seat and their degrees of 
freedom, illustration provided by Volvo Car 
Group. 

 

2.2 COMPETITORS 
To get a more comprehensive view of the 

way users adjust the seats and how 

different car makers built their seat 
adjustment interfaces the local car 

dealerships were visited. 
 Interfaces and functions of other car 

manufacturers comfort seats were 
analyzed and tested if the particular seat 

model was in stock in Luleå. In the case 
that the specific comfort seat was not 

available, the manufacturer’s websites and 

other internet sources were consulted to 
get a crude understanding of the degrees 
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of freedom the seat has and the layout of 

the interface. 

 

2.2.1 BMW and Jaguar 

Use an interface where all the functions 

are represented by a set of multifunctional 
buttons on the side of the seat, see Figure 

4 below. The interface has no visual aid. 
The user has to use the method of trial and 

error to get an understanding of the 
interface. The BMW interface was tested 

during the visits at the car dealerships, it 

will be described in more detail later. The 
Jaguar interface was evaluated through an 

instructional video YouTube (2014d).  

 
Figure 4: Button mapping of Jaguar 
YouTube (2014d) (above) and BMW 
(below). 
 

2.2.2 Mercedes 

Mercedes uses a visual user interface that 

is controlled by a navigation wheel and 
confirm/back button, Figure 5. In a 

Mercedes you control the advanced seat 
settings by first pressing the seat button on 

the center console or by accessing the 

settings via the menu system. At the seat 
settings you select the function and then 

adjust it. There are different layers in the 
interface so a confirmation has to be made 

when you have navigated to the function, 
and if there are multiple adjustment 

options to that function you have to select 
and confirm that to, before you can 

actually adjust it. This makes a simple 

adjustment a very taxing task visually. The 
standard and memory functions for the 

seat are located at the side of the door so 
some visual conformation of the button 

mapping is possible.  

 
Figure 5: Seat controls (above), display 
(middle) and the navigation wheel between 
the front seats (below). YouTube (2014a). 

 

2.2.3 Audi 

Audi uses the standard setup of buttons 

you see on most car brands for adjusting 
the common settings such as seat height, 

tilt and back rest angle as well as neck rest 
height, Figure 6. The buttons are mapped 

to look like the different parts of the seat. 
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For the advanced settings you scroll 

through them via the multifunction lever 
and adjust the selected function with the 

four way control buttons inside the 
multifunction lever. As you scroll through 

the advanced functions a picture is shown 
on the screen as visual feedback to let the 

user know which function is active.  

 
Figure 6: the multifunction lever (left) with 
four way control buttons inside and 
standard seat controls (right). YouTube 
(2014b).  

During the study of which functions 
competitors uses and the interface 

solutions they have the conclusion was 
that the majority of functions is operated 

with electric actuators, but in the case of 

shoulder rest, lumbar- and hip- support it 
is common to see that they are 

pneumatically controlled. For the 
intrigued reader an instruction video 

made by continental was found that quite 
handily shows the variety of functions and 

the technical solutions for them, the link 

can be found in references YouTube 
(2014b). 

 

2.2.4 Car dealership 

To get experience of the different tasks 
and situations that occur when you adjust 

the seat in a car the local car dealerships 

were visited. Prior to the actual visits there 
where some preparation that had to be 

done, at first the car dealerships were 
contacted to make sure that they had the 

type of seats that were relevant for the tests 

and that they agreed to let us perform the 
tests. A list of the things to test and 

evaluate were compiled to make sure that 
the information from the different 

dealerships were comparable, that list can 
be found in Appendix 2.  

 This is the result from the visit at 
Müllers, Englunds bil AB and 

Bilkompaniet in Luleå together with 

some reflections and thoughts. 
 Of the seven different car models that 

were examined the BMW 535i was the 
only one comparable to the advanced 

adjustment capabilities that Volvo Car 
Group specified that their seat will have. 

There were of course more than seven 

different models at the three dealerships, 
but these were the ones with the most 

advanced seats.  
 The seats that have electrically actuated 

functions often try to mimic the shape of 
the seat when they design the buttons, the 

vertical rectangular buttons tilts the 
seatback and the horizontal button moves 

the seat up, down, front and back as well 

as tilt the whole seat. This type of 
mapping reinforces the user’s perception 

of how the controls are supposed to work. 
If the button looks like a seat and the seat 

moves upwards when the button is pulled 
up it gives an intuitive understanding of 

the interface. 
 
Tested car Models 
The different ways of adjusting the seats 

were tested to understand how the 
different interfaces can look and feel like. 

In two cases a small test was conducted 

and observations were made when a 
person adjusted the seat. One person was 

asked to try the Kia Sorento and another 
person the BMW 535i.  
 
Kia Sorento 2007 

The function operated manually on the 
seat was the neck rest (up/down). The 
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buttons in Figure 7 have the following 

functions from left to right:  
 Button 1 move the seat back 

and forth, up and down and tilt 

 Button 2 tilts the backrest 

 Button 3 adjusts the size of the 

lumbar support. 

 A simple test was conducted were a 23 
year old woman were asked to have a seat 

and adjust the seat into a comfortable 
driving position. It took about 30 seconds, 

when she got asked to adjust the lumbar 
support it took an additional 3 seconds to 

deflate it, she told us that she never uses 

the lumbar support. 

 
Figure 7: Seat controls from the Kia 
Sorento.  

 
Opel Mokka 2013 
The functions operated manually on the 

Opel Mokka were seat length Figure 9, 
headrest, seat back and forth, back rest tilt 

and tilting of the whole seat. The buttons 
in Figure 8 have the following functions:  

 Button to the left adjusts the 

seatheight  

 Button to the right 

pneumatically adjusts the 

lumbarsupports size and position. 

 
Figure 8: Seat controls from the Opel 
Mokka.  

 
Figure 9: Manual seat length adjustment on 
Opel Mokka. 

 
Opel Insignia 

Opel Insignia had almost the exact same 
functions as the Opel Mokka with the 

slight difference that the seat tilt is adjusted 
manually with the lever to the left in the 

picture (that function is adjusted 

electrically in the Mokka) and the tilt of 
the whole seat is adjusted by the button 

with arrows Figure 10 something that was 
done manually in the Opel Mokka. The 

interface differ between two models of the 
same brand even though the functions 

where practically the same.  
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Figure 10: Seat controls from the Opel 
Insignia. 

 
Citroën C5 2013 
In the C5 the only function that was 

manually adjusted was the headrest. The 
function of the buttons from left to right 

in the Figure 11: 
 Button 1 had three degrees of 

freedom and adjusted the height, 

moved the seat back and forth 

and tilted the whole seat.  

 Button 2 tilts the backrest. 

 Button 3 adjusts the hip support 

from the backrest.  

 Button 4 adjusts the size and 

height of the lumbar support. 

The height adjustment isn’t done exactly 

vertical but in e path that is tilted toward 
the steering wheel.  

 
Figure 11: Seat controls from the Citroën 
C5. 

 
 
 

BMW 535i 2011 
This was the type of comfort seat with 

adjustment capabilities the test was 

designed for. The only function adjusted 
manually was the ability to bend the 

headrest to make it enclose the head 
more. The functions of the seat and 

button interface in Figure 12:  
 Button 1 is a 4-way switch that 

controls the height and size of 

the lumbar support 

 Button 2 & 3 adjusts the hip 

support at the sides of the 

backrest 

 Button 4 adjusts the seat length 

 Button 5 adjusts the height and 

tilt of the seat as well as position 

back and forth 

 Button 6 adjusts the tilt of the 

backrest height of the neck rest as 

well as the tilt of the upper part 

of the backrest together with the 

neck rest. 

A simple test was conducted with a 23 

year old man, he was asked to have a seat 
and adjust the seat in to a comfortable 

driving position, and it took him 50 

seconds to do so. The test person worked 
at the car dealership but claimed that he 

only had basic knowledge of the comfort 
seat he tested.  

 
Figure 12: Seat controls from the BMW 
535i. 
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Audi A5 sportback 2014 
The lumbar support was actuated 

pneumatically and its size and height was 

controlled with the round button to the 
left in Figure 13. Other than that there 

were only basic functions operated with 
levers, the backrest tilt function were 

operated with a twisting knob. The length 
of the seat could be adjusted manually.  

 
Figure 13: Seat controls from the Audi A5 
sportback.  

 
VW Passat 2012  
The lumbar support is operated with the 

button to the left in Figure 14 and the 
angle of the back rest is adjusted with the 

rectangular button. The other functions 

are adjusted manually by levers. 

 
Figure 14: Seat controls from the VW 
Passat 

2.2.5 Reflections after visiting the 

dealerships 

The small test that was prepared in 

advanced was not relevant for the seats 
that were available, with the exception for 

the BMW seat. But since there was no 
other relevant seat to compare it with only 

two tests was conducted.   

 It took them 32 (Kia) and 50 (BMW) 
seconds respectively to adjust the seats to 

a comfortable driving position. A simple 
analysis of the time difference is that the 

BMW had a lot more functions and thus 
takes longer time to adjust.  

 The visits at the dealerships led to a 
greater understanding of the seat interfaces 

and the verity of functions that can be 

found in a car seat.  
For the complete question form see 

Appendix 2. 
 

2.3 CONCLUSIONS FROM THE 
COMPETITOR ANALYSIS 
Most car models that have electrically 
controlled seat functions use the 

“standard” buttons where the buttons are 

shaped as a seat and mapped in the most 
intuitive way. Pull the lowest rectangular 

button upward to heighten the seat and so 
on. But when more advanced functions 

get introduced there is no longer a 
standard solution of how to design the 

user interface, as mentioned above there 
are even differences within the same 

manufacturer. Some use an advanced 

control panel where they cram in a lot of 
buttons with no visual feedback and 

others have a multifunction control at the 
side of the seat adjacent to the standard 

buttons were you scroll through the 
functions and adjust them. These systems 

have some degree of visual feedback to let 
the user know which function is active. 

The last category of solutions that was 

observed is where the advanced functions 
are accessed through the media screen and 

interface. You first have to navigate to the 
seat controls and then chose the function 

and if there are more than one way to 
adjust that function you have to select the 

degree of freedom you want to adjust. 

These systems have many layers and 
require a lot of visual conformation or 

extensive learning. All types of observed 
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interfaces offer no feedback or just 

feedback via visual conformation which 
requires the driver to take his/hers eyes off 

the road to make the right decision.   
 When the functions that are called 

advanced in this thesis become more 
common some sort of standardization of 

how to solve the interface problems will 
occur. This thesis will show that haptic 

feedback is a feasible way of making this 

particular interface more intuitive, and 
that it can be operated without 

demanding visual attention. Since the cars 
becomes more advanced through time 

this type of high end comfort seats will 
probably seek its way in to the standard 

cars in the near future. When these 

functions become more common some 

sort of standard solution for the interface 

will probably emerge, and hopefully this 
thesis can be a step in the right direction 

for a more intuitive and less demanding 
interface. Since these types of advanced 

function are already becoming more 
common there is a need for a standardized 

interface that is less demanding and more 
safe for the user. 
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3 Theoretical Framework 
 
Relevant theories were examined to create an understanding of the knowledge that is 

established in the domain of haptic interfaces in cars. The reason for doing this is to deepen 
knowledge about certain areas. 

 
 

3.1 HAPTICS 
This work aims to answer the main 
research question: How does the driver 

perceive the use of the advanced seat functions 
during driving when haptic feedback is 

introduced to the interface compared to visual 
feedback systems? This is compared to other 

user interfaces with no feedback or just 
visual feedback. This being the main 

question there is a few other that needs 

answering. Does the task get solved faster 
when haptic feedback is introduced? Does 

the user find the interface more intuitive 
with haptic feedback? What type of 

interface does the user prefer, haptic, 
visual or a combination of the two? What 

type of haptic signals work in a driving 
environment? Are there specific 

amplitudes, waveforms or frequencies that 

should be taken in to account when 
designing the haptic signals? User 

acceptance, does the user appreciate the 
introduction of haptic feedback? 

 Haptic derives from the Greek word 
haptios and describes something that can 

be touched. Haptic is everything 

associated with the sense of touch that 
includes the knowledge of your own 

body the fact that you know how your 
limbs are positioned without looking. 

The sense of touch defines out physical 
presence according to Kern (2009). 

 Today we humans often solve more 
than one task at a time, and in the car case, 

you often adjust your seat while driving 

the vehicle. This means that the feedback 
from the road and environment compete 

with the information provided by the 

interface. When you provide the user 

feedback through different channels the 
information does not compete over the 

same cognitive resources, as it would if it 
had been provided by the sense of sight.  

This means that the driver can maintain 

focus on the road while still get 
information that eases the secondary task 

of adjusting the seat. Wickens (2002) 
describes how different senses can be 

compared to resources, sight has a limited 
amount of information it can provide to 

the brain and the same goes for the other 

senses. If you divide the tasks between the 
senses so that they each have one task to 

solve you will probably have a higher rate 
of success solving those tasks. A concrete 

example of this is if you are driving a car 
and are asked to receive a message, it 

would probably distract your driving less 
if you heard the message than if you had 

to read it yourself (Wickens, 2002). 

 There are situations where one of the 
tasks you are solving takes more of your 

attention or is more interesting resulting 
in inadequate attention toward the other 

task. Wickens (2002) brings up two 
examples of this where two assignments 

were solved simultaneously using sight for 

one task and hearing for the other. The 
secondary task where engaging to the 

point that the primary task was neglected. 
The tasks in the examples where driving a 

car and piloting a plane where the 
driver/pilot received acoustic messages 

which engaged them to the point that 
they missed information from the main 

task. This concludes that you have to be 

aware of in what context you divide the 
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feedback between the senses according to 

Wickens (2002).   
 The use of tactile feedback in a driving 

environment can have the following 
advantages according to de Vries, Van Erp 

& Kiefer (2009): tactile information does 
not compete with the visual and acoustic 

information generally associated with 
driving a car. Local vibration signals can 

be an intuitive way to provide spatial and 

warning signals to the driver. In this case 
intuitive means that the information 

provided are correctly interpreted and the 
right actions are made with little or no 

cognitive resource. One example of this is 
presented in the study by Martens & Van 

Winsum (2001) where they showed that 

the driver reacts faster to haptic signals 
provided through the gas pedal than the 

corresponding signal by speech.  
 Regarding frequencies, amplitudes or 

waveforms that would work better or 
worse de Vries, Van Erp & Kiefer (2009) 

provided some information on the matter, 
but in the form of vibration pulse 

duration. They discovered that for their 

test rig where they provided the user with 
direction information through the seat 

cushion the vibration pulses on/off 
duration that worked best were the 

interval 125 ms on and 125 ms off and the 
interval 250 ms on and 250 ms off.  

 When a task that demands visual 

information is performed while driving a 
vehicle Victor, Harbluk & Engström 

(2005) noticed that when the secondary 
task gets more complicated the driver 

tended to look less on the road.  

3.1.1 How is haptic feedback created? 

To be able to manufacture the testing 

equipment that was used during the user 
tests information on how to create haptic 

feedback was gathered.  
 de Vries, Van Erp & Kiefer (2009) used 

the same typ of vibrators that are used in 
silent alarms and cellphones in their test 

equipment. Immersion.com (2014) is a 

company that specializes on haptic 
feedback in handheld devices such as 

cellphones, tablets and gamepad 
controllers. According to immersion.com 

(2014) the purpose of this type of 
feedback is to give the user a more 

immersive experience from using touch 
screens where you push a graphical 

element on the smooth screen and a signal 

is created to simulate the feeling of 
pushing an actual button. They list a 

number of vibration generating 
equipment such as rotating and electro-

active polymer. By rotating means an 
electric motor rotating an eccentrically 

placed weight and thus creating 

vibrations. The electro-active polymer is 
a type of plastic that moves and creates 

vibrations when an electric current is 
passed through. 

Precisionmicrodrives.com (2014) is a 
company that manufactures and sells 

vibration actuators which are made to 
create haptic feedback. There are a few 

categories of vibration actuators. The 

rotary are the same type as the one 
mentioned above but they also mention 

another type: linear resonant actuator. 
The linear resonant actuator (LRA) is 

basically the same as a speaker but where 
the speaker moves a cone to create sound 

pressure the LRA moves a weight to 

create vibrations. The frequency response 
from the LRA is linear. 

 

3.2 DESIGN METHODOLOGY 
Before the work with the theory chapter 

started there were discussions concerning 
the workflow and structure with the 

project mentor. Making an interface more 
intuitive and decreasing the cognitive 

workload requires that you test the 

interface on people to get a relevant result. 
To be able to draw early conclusions and 

be able to steer the work in the right 
direction demands continuous testing. A 
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workflow that will apply to this type of 

iterative work is spiral product 
development process according to Ulrich 

& Eppinger (2012). Bohgard (2011) 
speaks about the project circle where the 

work is divided into the most important 
segments and where iteration is a part of 

the process. This project circle, together 
with the spiral product development 

process give the opportunity of early 

iteration and will lead to time savings in 
the long run. The development process 

according to Bohgard (2011) is: 
needfinding, planning, information 

gathering, evaluation, demand 
specification, function and purpose, 

conceptual design, refined design and 

finally construction. You initially run 
through all the stages fast and then back to 

step one again after each work through of 
the project circle the major focus is moved 

forward until the project is finished. 
 

3.3 PROTOTYPING 
To be able to perform the user tests and 
answer the research questions a test rig 

will be built. Buchenau & Suri (2000) 

describes “experience prototyping” as a 
method used to let the design team, users 

and clients to experience the prototype in 
the existing or future condition of the 

product. A prototype represents a product 
before the final design is decided and it 

can be represented by anything from 

paper sketches to various types of models. 
The purpose is to explore and experience 

how the product looks like, feels like or 
behaves like in different contexts before 

the final product exists to achieve a 
successful design (Buchenau & Suri, 

2000). In the paper Buchenau & Suri 
(2000) wrote, some activities was deemed 

very appropriate to evaluate using 

experience prototyping: 
• Understanding existing user experiences 

and context 
• Exploring and evaluating design ideas 

 

Since the purpose of this work is to design 
the test rig and then evaluate the user 

experiences the method of prototyping 
will be useful according to Buchenau & 

Suri (2000). 

 

3.4 USABILITY 
Since the purpose of this thesis is to 
evaluate the users satisfaction to see if this 

type of haptic feedback is appreciated by 
the users the term usability will be 

examined. Usability consists of three parts 
effectiveness, efficiency and satisfaction 

according to (ISO 9241-11 1998). The 

definition of usability is as follows: “The 
extent to which a product can be used by 

specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a 

specified context of use.” From the (ISO 
9241-11, 1998, p.2). To understand this 

definition we need to define the three 
parts that usability is composed of: 

“ 

 Effectiveness: Accuracy and 

completeness with which users 

achieve specified goals.  

 Efficiency: Resources expended 

in relation to the accuracy and 

completeness with which usesrs 

achieve goals.  

 Satisfaction: Freedom from 

discomfort, and positive attitudes 

toward the use of the product.  

                  
“ 

To expand on these definitions:  
 Effectiveness is about if the user can 

complete tasks, achieve goals with the 

product, i.e. do what they want to do. 
Effectiveness measures the interface’ 

ability to let the users do what they want. 
 Efficiency is about how much effort 

the users require to do this (Often 
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measured in time).  

 Satisfaction concerns what users think 
about the products ease of use.  

 For the interface to be usable these 
three parts play a significant role. The user 

has to be able to solve the problem in a 
reasonable amount of time and appreciate 

the interface for it to be commercially 
sustainable.  

  

3.4.1 User experience  

Since the efficiency and effectiveness of 

the interface will be examined in another 
thesis these are subordinate to satisfaction 

in this thesis and to evaluate satisfaction 

Microsoft product reaction cards (PRC) 
seems like and adequate method 

(Benedek & Miner, 2002).  
Benedek & Miner (2002) who developed 

the Microsoft PRC did it because during 

usability testing the efficiency and 

effectiveness is pretty straight forward to 
measure but the methods to evaluate 

satisfaction were inadequate. The ways to 
gain information of the users thoughts on 

a product were basically two methods. 
One were you let the user fill out a form 

and grade different aspects of the interface 
on a scale and the other method is that 

you interview the user. Benedek & Miner 

(2002) noticed that the users were 
reluctant to give negative feedback in 

both methods. And while you get a 
deeper understanding in what the user 

thought of the product with interviews it 
is a very time consuming method. 

Another problem with the grade form is 

that the questions are created by the test 
conductors and might not mean as much 

to the user. 
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4 Method and Implementation  

 
One goal of the current project is to develop a test rig which simulates the feedback the real 

seat would give you. The test rig served as a platform to evaluate how the interface was 
perceived when haptic feedback was introduced. The development revolves round two 

parts: prototyping and user tests.  
 During the course of this project there were continuous user tests of both big and small 

extent, to ensure that the conclusions were drawn from more individuals than just the 
designer. For example, during the design of the visual user interface was a good occasion to 

involve external information to make a better informed decision, this to get a better 
understanding of how the feedback is perceived.  

The different sections of this chapter are:  

 
Project planning with the subsections: 

Communication regards the routines used to inform the different persons involved in this 
project.  

Requirement specification lists the features that the test rig shall have. 
Budget describes the resources available during this project. 

 

Prototyping with its subsections: 
Investigating relevant equipment: describes the study of a seat that delivers haptic feedback 

in the lumbar position. This seat was used in another project at LTU.  
Prototyping of technical solutions: in this section the different methods of generating haptic 

feedback in the application of tactile feedback in a car seat were evaluated.  
Circuit board experimentation will regard the controls of the vibration generating 

equipment and the relay circuits in particular.  
Programing will concern the software side of the interface and how it was created so that 

future calibration was made possible.  

Building the test rig is the major part of the project. This is where the standard seat meets 
the haptic interface. 

User interface with its sub chapters: physical interface, visual interface and rapid prototyping 
show how the different parts that the user interacts with were created.  
 

User tests with the subsections:  
Test rig setup and calibration: describes the test rig that the users are testing and the 

calibration of the vibration signals.  
Usability tests with focus on satisfaction: describes the different parts, purpose and structure 

of the user tests. 
Qualitative tests: describes which parts of the test that produces qualitative data to help 

analyze the user satisfaction. 

Quantitative tests: describes which parts of the test that produces quantitative data to help 
analyze the efficiency and effectiveness. 

 

4.1 PROJECT PLANNING 
The different phases of the project were 

planned so that the persons involved 
could get a clear view of the process and 

the progression. The project plan was 
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analyzed and updated during the course of 

the project. The project plan will follow 
the version indexation V0.1 to V0.99 

until it has been handed in 140131. From 
V1.0 the project plan consisted of the 

rapport and was indexed with the date it 
was latest updated.  

4.1.1 Communication 

Meetings with the mentor from Luleå 
University of Technology occurred every 

Friday and every other Monday with the 
mentors from Volvo Car Group. The 

purpose of these meetings was to ensure 
that the work progressed the right 

direction and to discuss how to continue 

working until the next meeting. The 
meetings with Volvo Car Group were 

made through conference call. Between 
the Scheduled meetings communication 

was handled through e-mail. 48 hours 
before the meeting a summary was sent to 

the mentors at Volvo Car Group so that 
they could prepare for the meeting. If no 

major questions arose the meeting was 

postponed. The summary included a short 
text of the work that had been done since 

the last meeting, a description of the 
planed work for the coming week and 

finally the questions that had come up. 

4.1.2 Requirements specification 

To be able to answer the research 

questions the test rig has to fulfill some 
specifications.  

 The test equipment shall be able 

to provide feedback for all the 

functions Volvo Car Group has 

listed that the real comfort seat 

will have. 

 The user shall be able to receive 

feedback visually and through the 

sense of touch. 

 The test equipment shall have 

the ability to calibrate the signals 

with respect to amplitude, 

frequency and number of 

repetitions. The ability to 

calibrate is crucial to be able to 

optimize the test equipment for 

the user tests in order to receive 

satisfying results. 

 The test rig shall have the ability 

to switch between only haptic, 

only visual and a combination of 

haptic and visual feedback. 

4.1.3 Budget 

Volvo Car Group has committed to 

support this project with material such as 

a car seat, MFC, possibly actuators or 
other types of vibration generating 

equipment. Luleå University of 
Technology as the formal employer of this 

project has some resources to support this 
project.  

 

4.2 PROTOTYPING 
Prototyping was an important and major 

part of this project. Since the results are 

based on the users’ opinions during the 
tests of the test rig, it seemed reasonable 

to conduct user test during the design of 
the test rig as well. To produce the test 

rig, experience prototyping (Buchenau & 
Suri, 2000) was used. Buchenau & Suri 

(2000) states that “— the prototyping goal is 

to achieve a high fidelity simulation of an 
existing experience which can’t be experienced 

directly because it is unsafe, unavailable, too 
expensive, etc.” To receive valid results 

from the user tests the test rig have to 
simulate the real product with as much 

accuracy as possible. This shows the 
importance of prototyping in this project. 

 
Procedure for designing the test rig 

 Step one: remove the air bag 

from the seat to avoid accidents. 

 Consider different methods of 

generating haptic feedback. 
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 Test how different types of 

haptic feedback are perceived. 

 Evaluate what type of vibration-

generating equipment best 

simulates the actual function in 

the seat; also consider which type 

that fits the purpose best. 

 Apply feedback generating 

equipment to the places in the 

seat where the actual functions 

will be located.  

 Evaluate how fast the hardware 

allows you to switch between 

functions and still be able to get a 

clear sensation of which function 

is activated.  

 MFC multifunction control is a 

panel with buttons or turn 

gauges or a combination of the 

two that allows the user to 

navigate through the functions 

and adjust them accordingly. It is 

located on the side of the seat. 

 Connect the MFC to the 

feedback generators in the seat 

and visual interface with the 

possibility to choose the 

combination of feedback 

elements: only haptic or visual or 

a combination of the two. 

 

4.2.1 Investigating relevant equipment 

The purpose of this test was to gain 
information in how different frequencies, 

amplitudes and waveforms felt. No data 

on frequencies or amplitudes were 
collected. 

 To get an understanding of how 
feedback in a seat could feel like some 

exploration with an existing lab setup 
were done Figure 15.  

 With consultation from André the 

author of: 3D signal sounds for driver 

assistance systems (Lundkvist, 2013) the 

acoustic shaker was mounted on the seat 
se Figure 16. Andre also gave us a basic 

introduction to the software synth 
program called reason. The shaker is 

placed in the lower back area of the seat 
and it correlates with the feedback 

position of lumbar support. Initially the 

feedback was weak and made a lot of 
rattling noise, the shaker had to be aligned 

with the PVC pipe so that the piston 
didn’t touch the edges of the pipe see 

Figure 17. The alignment was achieved by 
adjusting the nuts that held the shaker in 

place see Figure 16. Next step was to 

move the piston as close to the upholstery 
as possible without it actually touching. If 

the shaker is impeded in its movement 
you might damage the voice coil. When 

the calibrating was done the tests could 
begin.  With the plugin keyboard at hand 

the person in the seat could play notes and 
feel them instantly. The different octaves 

were methodically played through from 

high to low. At the high notes amplitude 
was too low to be able to feel and just 

made a high pitched sound. This test 
resulted in the conclusion that the 

feedback signal hade to have fairly low 
frequency and the larger amplitude the 

better (within reasonable limits). The 

“form” of the wave also makes a 
difference in how the signals were 

perceived, the sine-wave have no sharp 
edges and didn’t feel as strong as the 

sawtooth-wave or box-wave, the 
difference between the wave types aren’t 

huge but they made a difference.  
The results from this tests was that the low 

frequencies could be felt clearer then 

frequencies just on octave higher and that 
correlated well with our preconceptions 

of how the feedback in the seat would feel 
like and also with the physical limitations 

of the electrical actuators in the seat 

https://pure.ltu.se/portal/sv/publications/3d-signal-sounds-for-driver-assistance-systems%28b08614e5-c6c0-4c00-b521-0559d6f5a0dc%29.html
https://pure.ltu.se/portal/sv/publications/3d-signal-sounds-for-driver-assistance-systems%28b08614e5-c6c0-4c00-b521-0559d6f5a0dc%29.html
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ultimately responsible of creating the 

feedback. The higher frequencies didn’t 
create any felt feedback at all just high 

pitched sound. The vibration feedback 
induced by this system were very local and 

if you arched your back and lost contact 
with the upholstery you couldn’t feel the 

signal anymore, this shouldn’t be a big 
problem in the real product considering 

that the system that creates the feedback 

moves a part of the seat much larger than 
the piston used in this test. The amplitude 

would reasonably become larger than the 
amplitude achieved in this test. 

 
Figure 15: Seat with shaker mounted in the 
back 

 
Figure 16: The back of the seat, the shaker 
is the gray cylinder with the red foundation. 
The piston alignment was done by 
tightening the nuts holding the shaker in 
place.  

 
Figure 17: The piston that the shaker 
moves is centered in the right PVC-pipe. 
This piston initially had to be aligned. 

The purpose of this test was to gain 
information in how different frequencies, 

amplitudes and waveforms felt. No data 
on frequencies or amplitudes were 

collected. 

 

4.2.2 Prototyping of technical solutions 

In this chapter two concepts of creating 

haptic feedback will be tried. 
 
The “balloon” concept 
To create a clear sensation of feedback 

from the places in the seat that are 

adjustable tests were made to determine 
the most suitable method. This concept 

was appropriate due to its ability to create 
force feedback similar to the signals the 

functions in the real seat will create. Party 
balloons were connected to a rubber tube 

so that when one balloon got compressed 
the balloon on the other end expanded 

Figure 18.  
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Figure 18: The first concept with balloons 

As part of one of the early small tests one 

balloon was placed between the seat and 
my body and squeezed the other balloon 

with my hand in a number of frequencies 
and fashions to feel the different type of 

feedback signals that could be created. Fast 

shallow squeezes created very little 
feedback whereas slower strong squeezes 

of the balloon created a distinct 
poke/push where the other balloon was. 

Using this concept force feedback could 
be created in the seat in a lean way 

because you don’t have to embed a 

motor, there´s only a tube and empty 
balloon in the seat where you want 

feedback. The optimal amount of air in 
the system appeared to be when one 

balloon was flat and the other inflated, 
without either of the balloons having their 

material stretching. When the balloon-
tube-balloon system was inflated to the 

degree that the rubber stretched the 

feedback decreased. Due to the material 
in the balloons stretching in the direction 

of least resistant the feedback is not nearly 
as distinct as if it would expand in every 

direction generating feedback by pushing 
the person in the seat Figure 19.  

 
Figure 19: Balloon expanding horizontally 
instead of pushing (in this case) the 
plywood upwards. 

In further testing of this concept an idea 

emerged: “balloons” in a material that 

does not stretch might be preferable so 
that air rushing to a “balloon” results in 

expanding not in the material stretching 
to achieve maximal felt feedback see 

Figure 20.  
 To explore this concept further plastic 

bags were created in a material that did 

not stretch as much as rubber. The 
methods that were used were tape and 

glue, since tape didn’t make it air tight 
glue was tested. The bags were at first 

glued together with melting glue from a 
glue gun, but the plastic sheet that were 

available had a similar melting point 
which resulted in the plastic sheet melting 

during manufacturing Figure 20. 

 
Figure 20: the closer bag is glued with 
melting glue before it reached its peak 
temperature but the plastic still crumpled.  

The method for creating plastic bags that 
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worked best was a combination of contact 

glue and folding. The folding and 
placement of the glue was very important 

to make it air tight. The glue was applied 
so that the forces acting on the seal were 

along the plastic sheet and not pulling it 
apart, and to make it air tight the edges 

were folded to make it harder for the air 
to get out Figure 21.  

 
Figure 21: Gray and green are the plastic 
sheet and the yellow the glue. In the bottom 
right corner between the gray and green 
are the inside of the bag. The figure also 
illustrates the folding of the edges (above). 
The figure below illustrates how the 
pressure applies forces on the glue. 

At first the tube was glued directly to the 

bag but that didn´t work and air leaked 
out Figure 22, so to get a tighter fit the 

end of a balloon were glued to the bag and 
the tube inserted to the end of the balloon 

Figure 23. That method worked quite 
well.  

 
Figure 22: The tube is glued directly to the 
plastic. 

 
Figure 23: Implementation of the end of a 
balloon as sealant to the tube.  

To create feedback in the seat the bag in 

the other end of the tube has to be 

compressed, in the early tests the bag was 
just placed between the body and the seat 

and the other bag was squeezed by hand 
to evaluate. With the arrival of some lab 

equipment Figure 24: acoustic shaker, 
laptop and keyboard the bag was 

connected to the shaker and notes were 
played in order to produce vibrations in 

the bag system Figure 25.  
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Figure 24: From the top: laptop and 
amplifier, shaker, keyboard, power unit. 

Conclusions from this test were that it 

needs to be low frequencies and large 

amplitude for the air to travel through the 

tube to the bag in the seat for it to make 
noticeable feedback. To increase the 

amplitudes at the receiving end of the 
system, the amount of air that moves has 

to increase. To move more air the size of 
the bag that pumps the air increased so the 

same amplitude from the shaker moves 
more air. A round piece of Plexiglas were 

created and mounted on the shaker so that 

the entire bag gets pushed. The table 
which the shaker stood upon also started 

vibrating this resulted in less efficient 
transfer of air. To resolve this problem a 

piece of plywood was fitted to the 
foundation of the shaker so that all 

vibrations were transferred to the bag 

Figure 25. 

 
Figure 25: The shaker applied with the 
round piece of Plexiglas and a bag between 
it and the wall (above). The bag is 
squeezed between the Plexiglas and a 
piece of plywood fixed to the shaker 
(below). 

When the whole system of bag-tube-bag 
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and shaker with Plexiglas and plywood 

were set up there were a few tests that 
concluded that even when the system 

seemed air tight it managed to leak out 
resulting in no transfer of vibrations. 

Many bags were made Figure 26 with 
variations but the critical area of the 

airbags was the corners and where the 
tube connected to the bag. To seal the 

corners was a manageable task but the 

connection with the tube was a lot 
trickier. After one week of testing and 

building the conclusion was that the 
concept had some value but to be 

successful in executing it extensive 
development had to be done. Deciding 

the optimal plastic for the bags, what tubes 

to use and coming up with a way to use a 
piston and cylinder to move the air instead 

of squeezing on a bag.  

 
Figure 26: Some variants that were tested, 
including ice-cube-bags and other random 
bags that could serve the purpose. 
 

Conclusions from the “balloon” 
concept 

There is merit to this concept, it holds the 
possibility to very accurately control the 

vibration signals via the acoustic shaker 
and it would also be able to create more 

of a force feedback then just vibrating. A 

realization that would have made this 
concept hard to incorporate in the test rig 

is the fact that you ether need one shaker 
per function or some kind of controlled 

valve system to change the active 
function. A valve system is another source 

of leakage in the system so it would have 

been even harder to make it work 
efficiently. Due to the time and material 

consuming aspects of getting the 
“balloon” concept to work properly the 

decision to test another concept were 
made. 

 

Electrically powered vibrating 
devices 
An electrical motor fitted with a weight 
positioned eccentrically produces 

vibrations when it rotates Figure 27. 

These type of vibrators are very common 
and can be found in cellular phones, 

gamepad controllers and other electrical 
devices that uses haptic feedback. One 

advantage with these type of vibration 
devices is that they are easy to 

manufacture and quite cheap.  
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Figure 27: Exploded view of a linear 
resonant actuator (above) and rotary 
eccentric vibrator (below). 
(Precisionmicrodrives.com, 2014). 

There are companies that sell a big variety 
of vibrating motors but instead of buying 

one the decision to try and make them 

were made to get the early testing going 
as fast as possible. Some small DC-motors 

were scavenged from a broken stereo, 
after dismounting the motors a nut was 

glued eccentrically to the shaft and a 
casing made from polyurethane foam was 

fitted Figure 28.  

 
Figure 28: Two DC motors one fitted with a 
nut (above), The motor fitted with the nut 
has a casing to shield the rotating mass 
(below). 

The casing is essential since the vibrating 

motor had to make contact with the 
padding of the seat or the body of a person 

to conduct the vibrations. Without the 

casing the eccentric weight might hit the 
surroundings and stop rotating.  

 The vibrating motor generated distinct 
vibrations and for further tests the strength 

of the vibrations can be calibrated in three 
ways: by altering the eccentric weight, by 

altering the distance of the eccentric 
weight to the rotation center or by alter 

the rotation speed. 

 During initial tests with the vibrating 
motor a problem emerged. The feedback 

signal in the seat should be able to vary in 
duration from fractions of a second to a 

few seconds this for the ability to calibrate 
the prototype set up. When the vibrating 

motor is turned on it revs up almost 

instantly to its maximal speed (fast enough 
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for the purpose of this test) but when the 

power is cut the inertia of the motor and 
the eccentric weight causes it to continue 

vibrating for about two seconds (not 
measured, but too long to be able to 

calibrate the signals for a short signal). The 
aim was to try to achieve feedback signals 

that were maximum 250 milliseconds 
long in order to create distinct signals 

without any perceived delay between 

them, (de Vries, Van Erp & Kiefer, 2009). 
To come up with a solution to this 

problem an adjustable resistor were added 
to the circuit with the hypothesis that if 

the maximal speed is lowered it will stop 
faster. The hypothesis was true but it 

didn’t stop fast enough. To make the 

rotation stop mechanically was tested by 
adding a flange of Plexiglas that touched 

the eccentric weight but all it did was 
make a lot of rattling sounds, and a 

mechanical break with moving parts felt 
too complicated at this stage of concept 

testing. Another solution to the problem 
would be to start the motor and then 

switch the polarities and then turn it off, 

this would result on the motor starting to 
rev up then braking then turning off. A 

power switch was soldered to the circuit 
and it worked like a charm, the system 

was now able to create short distinct 
vibrations. There was one drawback 

tough the wires caught fire. Imagine 

accelerating in a car and to stop you slam 
in reverse, it wouldn’t be a surprise if the 

drivetrain broke. The same thing with 
switching polarities on the motor the 

energy becomes heat when the rotational 
direction is reversed. When talking to the 

project mentor another solution emerged, 
instead of switching polarities it may be 

possible to slow it down by short circuit 

the motor and in doing so turning it to a 
generator. Another power switch was 

soldered on to the circuit and the new 
braking system was tested and this time it 

really worked, the rotation stopped almost 

instantly, the power switch can be seen in 

Figure 29 below.  

 
Figure 29: The round piece in the top of the 
picture is the adjustable resistance, and the 
switch connected to the vibrating DC motor 
is the one that short circuits the poles on 
the motor to brake it.  

In all applications for electrical system 

connection pins where soldered on to the 
wires, motors, power supply and switches 

to make it easy and fast to alter the circuit. 

Just clip on the new component instead of 
soldering it on and off, illustrated in 

Figure 30 below. The connection pins 
were scavenged from another broken 

stereo. 

 
Figure 30: The connection pins that made 
the testing and implementation much 
easier. 
 

4.2.3 Circuit board experimentation 

When the components for the test 

equipment arrived, André Lundkvist  
helped out a lot in the start phase. Initially 

the software for the I/O-box were 
installed, the interface in national 
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instrument max program where hard to 

comprehend and didn’t allow the visual 
feedback to be combined with the haptic 

in the interface. After discussions with the 
project mentor and Andre, matlab was 

selected as a better program for the task. 
Matlab and the add-on data acquisition 

toolbox was installed. The data 
acquisition toolbox was needed to be able 

to control the I/O-box. Andre helped 

write a program in matlab that with a press 
of a button starts the motor for one second 

and then short circuits the poles to brake 
the motor. The maximal speed of the 

motor is limited due to the design of the 
circuit controlling the motor, to be able 

to have more freedom in designing the 

vibration signals the motor speed had to 
be able to reach higher revolutions per 

minute than was possible. Several circuits 
were tested: 

 Circuit one: The first circuit that was 
tested was based on transistors with one 

loop that drives the motor and the other 
decelerating it by short circuiting the 

poles. This circuit design worked, but it 

had a great flaw, the current surging to the 
motor was limited by the transistor thus 

reducing the maximum speed of the 
motor. The speed of the motor was too 

low to create a significant vibration signal.  
 Circuit two: The second circuit was 

designed to eliminate the problem that 

appeared in the first circuit. To achieve 
this there were three transistors in each 

loop compared to only one per loop in 
the first circuit. The transistors were 

connected in a way that didn’t restrict the 
currant to the motor. But event thou the 

transistors were not the limiting factor any 
more the motors still did not achieve the 

same speed as if you connected them 

directly to the power supply. After some 
problem solving the speed of the motor 

could be raised by changing the resistors 
in the circuit.  

 The speed of the motor where now 

sufficient but the circuit where quite 

complicated and required many 
components compared to the first circuit. 

After some discussion with André it was 
decided that another circuit should be 

tested. 
 Circuit three: is based on a relay, a 

relay is basically is an electrically 
controlled physical power switch. The 

relay is in turn controlled by one 

transistor. This circuit worked exactly as 
was intended, the speed of the motor was 

not limited by the relay. When the motor 
was turned off the design of the relay and 

circuit grounded the poles on the motor 
and it decelerated quickly. The max speed 

of the motor could be achieved and this 

circuit design acquired a minimum 
amount of components. The circuit 

diagram can be found in Appendix 3. 

 
Figure 31: Setup of “circuit two” (upper left 
corner) Setup of “circuit three” (lower right 
corner of the experimentation board).  

As seen in Figure 31 there is a significant 
difference in the components and space 

needed to achieve the different circuits.  
Some things have to be adjusted but on 

the software side. When the button is 

pressed and held in the program sends out 
another signal directly following the first. 

The goal is that when the button is 
pressed the program only sends out one 

signal even if the button is continuously 
pressed. In this state the program switches 

function as soon as the vibration signal has 
ended if the switch function button is held 
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down.  

When the button that selects the function 
is held down the system could scroll 

between the functions or it could just send 
out the selected functions vibration 

feedback and stay there. These different 
interface alternatives should be evaluated 

and tested in regard to user acceptance. 
This was unfortunately not investigated 

further due to time limitations. 

 
Conclusions from circuit testing 

Circuit three is clearly the most 
appropriate and the following work will 

be based on that one until a problem 
should occur that require some redesign 

of the circuit. Circuit three requires few 
components and brakes the motor by 

short circuiting the poles, are the 

arguments that led it to be the circuit to 
base the following work on.  

 The next step in making the haptic 
feedback user interface was to make one 

circuit for each section of the seat that has 
an advanced function, after some trying a 

layout that would fit on the 
experimentation board was 

found. As you can see in 

Figure 32 below the six relay 
stations fit on the circuit 

board. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 32: Circuit layout on the 
experimentation board. 

Figure 33: Explanation of the different 
components.  

In Figures 32 and 33 above the motor and 

signal cable from the I/O-box are not 
connected. 
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 The signal cable from the I/O-box is 

connected to the resistor and the motor is 
connected to the naturally open slot on 

the relay and to ground. For now the 
work with the circuit is done, it might get 

some attention later in the process during 
the iteration. The next step is to expand 

the program so that it cycles the different 
functions. A circuit diagram can be found 

in Appendix 3. 

 

4.2.4 Programming 

The iteration process of the programming 
started with a program designed to test the 

circuits. The only function was to receive 

a signal from the button and to send out a 
signal to the circuit to run the motor for a 

specified period of time. The first circuit, 
circuit one required another signal to 

brake the momentum of the motor by 
grounding the poles. The same 

programming was used to evaluate circuit 
two and three. When circuit three was 

deemed appropriate for the purpose and 

expanded to control six relays Figure 32 
the function to cycle through the different 

relays was added. Also another button and 
the corresponding programming were 

added to the circuit to be able to cycle 
both ways between the six relay stations. 

Since the interface should be able to 

provide both haptic and visual feedback 
the program were added with the 

function to plot a picture corresponding 
to function of the relay station currently 

active in the program. For example when 
the cycle forward button is pressed and 

the relay controlling the seat length 
becomes active a picture of the seat with 

the front of the seat illuminated becomes 

visible. The process of manufacturing the 
pictures is described in detail in the 

chapter graphical user interface. 
 A button that adjusts the active 

function in the seat was added. But in this 
case it just sends a signal to start the motor 

for the active function for as long as the 

button is pressed to provide the user 
feedback that the selected function gets 

adjusted. This functionality were initially 
restricted in the project scope but since 

the aim was to create a test rig that was 
somewhat polished and delivers a 

wholesome experience to the user it was 
added. In hindsight the user experience 

from the tests would not have been as 

fulfilling without this function.   
 Three versions of the programs were 

needed for the tests: one where the haptic 
feedback is removed so that the interface 

just shows the picture and when the 
adjustment button is pressed the 

corresponding area vibrates to signal an 

adjustment. And one program should 
provide both haptic and visual feedback. 

And one program which only provides 
haptic feedback and shows a generic 

picture of the Volvo Car Group interface.  
 

4.2.5 Building the test rig 

For the advanced functions that provide 
feedback there are 10 vibrating motors 

needed. There are 6 positions that will 
provide feedback in the seat but since four 

of them create feedback on both sides of 
the seat 10 motors were needed. After 

buying the motors a nut was glued to the 

rotating shaft eccentrically to make 
vibrating motors of them, Figure 34. 
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Figure 34: Vibrating motors in the making 
Some planning hade to be done to make 

sure that the vibrating motors was placed 
in the correct positions in the seat. When 

the vibrating motors had been 
manufactured and connected to the 

circuit they should be placed on the 
positions in the seat corresponding to the 

actual functions. From this state all signals 
were evaluated in a small test conducted 

by me and persons available for small two 

minute tests to evaluate positioning and 
signal strength. When the positions for the 

vibrating motors have been determined 
the upholstery will be removed and the 

motors embedded in the foam. Then the 
same test will be run again to see if the fact 

that they are embedded changed the 

feedback signals. If the signals are adequate 
the upholstery will be reattached and the 

test will be run a third time. From here 
the strength and duration of the signals 

will be roughly calibrated. Some persons 
not involved in the project should be 

involved to get an unbiased assessment of 

the feedback signals.  
 To make sure that the padding in the 

seat did not interfere with the rotation a 
protective casing were mounted around 

the motor and nut. The casing in this case 
came from a cardboard tube; the choice of 

cardboard tube was simply made due to 
the fact that it was the tube with the best 

fit that was found, considering inner 

diameter. The cardboard tube was 
deemed strong enough for its purpose. 

 
Figure 35: Four vibrating motors with their 
protecting casing and wiring.  

When the encased vibrating motors were 
manufactured the next step was to 

connect the wiring. To ease the handling 
and minimize confusion the cables was 

labeled in each end. In the positions 

where there are two motors they were 
connected parallel and since the cable that 

were used had four wires those positions 
only needed one cable, which eased the 

handling quite a bit, six cables instead of 
ten. 

 To make sure that the feedback is felt 
and in a position representative of the 

function it simulates the vibrating motors 

were placed on the seat and a simple and 
fast test was performed. A person sat in the 

seat and the feedback was sent out. When 
needed the vibrating motors were moved 

to create a more distinct signal see Figures 
35 and 36.  
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Figure 36: Seat with the vibrating motor 
added to evaluate the placement. 

When the placement of the vibrating 

motors had roughly ben decided the 
textile covering the foam padding were 

removed. The vibrating motor placement 
was marked on the foam and a piece of 

foam cut away to embed the vibrating 

motor in the seat Figure 37. When all 

motors were embedded the same test was 
run again to evaluate the feedback signals 

and if the position of the signal was 
correct. Some changes had to be made: 

the vibrations from the side of the seat 
squab felt faint in comparison and were 

moved toward the center of the seat to get 
more contact with the person in the seat.  

 
Figure 37: Vibration motor embedded in the 
side of the seat squab. 

As you can see in Figure 37 above the 
foam that was cut away to move the 

vibrating motor filled up the hole where 
it used to be.  

 The vibrating motor located in the 

neck rest produced almost no sensation at 
all but a lot of noise. It depended on the 

fact that the foam in the neck rest was a 
harder type of Styrofoam and the socket 

was too large so the vibrating motor just 
rattled about making noise. To solve this 

problem the vibrating motor was 
enveloped in a thin layer of foam this 

making it more stable in the socket and it 

also made it come a little closer to the 
head of the person sitting in the seat, this 
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resulted in more distinct feedback and it 

also reduced the noise. The vibrating 
motors at the shoulder position were too 

far out and had to be moved closer to the 
center of the seat to make contact with the 

shoulders and convey the feedback signal. 
This was solved by rotating the vibrating 

motors so the eccentric weight came 
closer to the center of the seat. 

 

 
Figure 38: Vibrating motor have been 
rotated from a vertical position to a more 
horizontal one, this to enhance the 
feedback.  

As you can see in Figure 38 above the 
vibrating motor has been rotated and the 

foam that was cut away has filled up the 
area of the original position.  

 During some initial testing it was 

discovered that some vibrating motors 
struggled to start rotating. This occurred 

when the person in the seat applied 
pressure to the area of a vibrating motor 

so that the vibrating motor shifted in its 
socket and the foam padding came in 

contact with the rotating weight. To solve 
this problem the open area of the casing 

was added with a piece of Plexiglas to 

make sure that the foam did not interfere 

with the rotation of the vibrating motor.  

 
Figure 39: Reinforcement of the casing  

In Figure 39 above you can see the first 

step in reinforcing the protective casing. 

To make sure that the tube did not slide 
back a layer of tape was applied to the 

body of the motor. 

 
Figure 40: Reinforced casing with Plexiglas 
”lid” 

In Figure 40 above the casing has been 

reinforced and the protective Plexiglas 

“lid” has been applied. 
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Figure 41: Cables from the vibrating 
motors. 

To prevent the cables from tearing away 

from the connections to the vibrating 
motors the cables is secured to the seat. 

The piece of duct tape securing the cables 
is visible in the Figure 41 above. 

4.2.6 User interface 

To provide a more wholesome 
experience for the user while testing the 

interface some extra time has been spent 
on making it a little more polished than it 

would have been if the goal was to just 
make it work. Both the visual and physical 

interface has been given some extra 
thought since “look-and-feel” is 

important according to Normark (2014). 

This chapter will concern the different 
parts of the interface which the user 

interacts with. 
 
Physical user interface 
The physical interface was added with the 

ability to adjust the function even though 
no adjustments are available. When the 

adjustment button is pressed the active 
function just sends out a vibration signal 

for as long as the button is held down, this 
is done to convey a more realistic 

experience. This was done even though it 

was deemed not necessary initially in the 
work process, but since the aim with the 

test rig was to give the user a somewhat 
realistic and polished experience of the 

interface this function was added.   
 The buttons that control the functions 

in the seat should be able to do a few 

things such as scroll through the loop of 

functions both ways. When the desired 
function is active there should be a four 

way button that when pressed sends out a 
vibration signal to let the user know that 

the function is being adjusted. In this case 
there should be a four way button because 

the lumbar and neck support can be 
adjusted in four directions.  

 So now that the need for the buttons 

is clear the search for a solution begins. In 
the start of the project Volvo Car Group 

sent some button circuits and switches. 
The function of the switch was basically 

what was needed but it was very bulky so 
it was disassembled and the switch 

electronics was saved, see Figure 42 

below. 

 
Figure 42: The switch in the original state 
(above) and the actual switch soldered to 
the cable (below).  

The switch worked as it was supposed to; 
flip it and you cycle through the functions 

in that direction. The purpose of the four 
way button that adjusts the functions is to 
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send the same signal to the I/O-box 

regardless of the direction that is pressed. 
The button circuit that Volvo Car Group 

sent required the I/O-box to register 
analog signals in its default setting. The 

I/O-box used in this project only 
registered digital signals so some 

modification had to be done to the four 
way button circuit.  

 
Figure 43: Four way button circuit with the 
resistors bridged. 

To make the button circuit compatible 
with the I/O-box the resistors on the 

circuit were bridged see Figure 43. A 
piece of wire was soldered to each side of 

the resistors on the circuit to bypass them 

and make the signals readable to the I/O-
box. This resulted in that when any of the 

blue buttons were pressed they acted as 
the same on/off button and were 

compatible with the digital I/O-box.  
 The next step in making the physical 

interface was to combine these two 
buttons on the same platform. And the 

fastest and simplest way of doing so was to 

mount them on a thin piece of wood 
Figure 44.  

 
Figure 44: The switches are mounted on a 
thin piece of wood (above) and the buttons 
have been fitted with mockups of the 
buttons mad from polyurethane foam 
(below).  

As said before the entire user experience 
should improve if a higher level of detail 

is brought to the test rig. The time 
consumed in making buttons of 

polyurethane to a representable level of 
detail would far exceed the time it would 

take to make them using a rapid prototype 

method. 
 
Rapid prototyping 
So the buttons could have been pieces of 

polyurethane foam but since the aim was 
a little higher it was decided to use rapid 

prototyping. The first step was to measure 
the button circuit to be able to model the 

buttons in the correct scale Figure 45.  
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Figure 45: Dimensions and distances of the 
buttons were taken. 

The buttons were created in alias Figure 
46 and exported in a rapid prototyping 

format .stl. The buttons where then 
printed in a 3D-printing machine which 

uses plaster and colored glue.  

 
Figure 46: Buttons generated in CAD. 

Since the possibility to choose color was 

available the buttons was created in a dark 
gray paint to match the rubber and plastic 

on the seat. When the products are 
created in the 3D-printer they are very 

porous and need to be hardened. This is 

done by impregnating them with 
superglue, Figure 47.  

 
Figure 47: 3D-printed and impregnated 
buttons. 

Now when all the components were 

manufactured it was time to implement 

them in the seat. The first question to 
answer was where to put them, and the 

second how to do it. To the question of 
where, it seemed reasonable to install 

them in close proximity to the existing 
interface. A limitation where that the 

existing interface and the new buttons had 
to share the space behind the plastic cover 

and it would have been a too time 

consuming effort to alter the existing 
buttons, so the new buttons were installed 

as close as possible, Figure 48.  

 
Figure 48: Original interface (above) and a 
tryout of the placement for the additional 
buttons (below). 

 When the placement of the additional 
buttons were decided the plastic cover 

were removed from the seat. Holes 
corresponding to the buttons were cut out 

in the plastic cover and fine-tuned until 
the buttons fit snuggly and could move 

without snagging against the edges, Figure 
49.  
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Figure 49: the hole for the four way buttons 
was the first to be drilled in the plastic 
cover. 

The next step was to fasten the buttons to 
the plastic cover; this was achieved by 

using melting glue and polyurethane 
blocks to fasten it at the right distance, 

Figure 50. 

 
Figure 50: Mounting of the button panel. 

To make sure that the cables does not get 
torn off from the connection points on 

the buttons the cables were anchored to 
the plastic cover.  

 
Figure 51: Seats physical interface with the 

additional buttons to the right. 

The physical interface now caters to the 
demands, the original interface that adjusts 

the basic functions of the seat are 

connected to a power supply and the new 
buttons are connected to the relay circuit 

which enables the user to scroll through 
the advanced functions and get feedback 

when they try to adjust the selected 
function, Figure 51. 

 
Graphical user interface 

The purpose of the graphical user 
interface is to inform the user of which 

function is active and the possible ways of 
adjusting that particular function. A 

picture of the seat was taken and the area 
of the seat that is adjustable was 

highlighted and arrows describing the 
degrees of freedom added.  

 
Figure 52: The first picture of the seat (left), 
refined pictures with function area 
highlighted and explanatory arrows.  

These pictures in Figure 52 above were 

tested on a few persons. The purpose of 

the interface pictures was explained and 
the question: what do you think you can 

adjust and in which directions can it be 
adjusted, was asked. The entire question 

form can be found in Appendix 4.  
 The conclusion from the answers was 

that the pictures containing two degrees 
of freedom were confusing. The test 

persons had trouble interpreting the 

perspective and the directions of the 
arrows. The pictures showing functions 

with one degree of freedom such as seat 
length to the right in Figure 52 above 

were all interpreted in the right way.  
 From this simple test it was decided 
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that the pictures concerning lumbar and 

neck support should be redone. To make 
it more clear which directions the 

function are able to move a new picture 
was taken of the seat from the side so that 

the arrows would more clearly display 
adjustability up and down as well as front 

and back, Figure 53.  

 
Figure 53: The new perspective for the 
lumbar and neck support pictures. 

To continue the theme of a more 

immersive experience for the user of the 

test rig the mentors at Volvo Car Group 
was asked to send a generic picture Figure 

54 from their current interface.  

 
Figure 54: Generic picture from the latest 
Volvo Car Group interface. 

The pictures describing the functions 

were inserted to the interface picture but 
the red color of the arrows clashed in the 

blue and gray interface. The color of the 

arrows was changed to the same blue as in 
the interface, Figure 55.  

 

 
Figure 55: The interface with the seat 
picture implemented. 

To make the interface more self-
explanatory an idea from an interface used 

by Audi is used. The different stages of the 
loop are visible but the active function is 

highlighted, Figure 56.  

 
Figure 56: The physical (above) and 
graphical (below) interface Audi uses with 
the function loop visible.  

Audi uses the same type of physical 
interface set up as the test rig in this work, 

so it seemed reasonable to get inspiration 

from another interface with the same 
characteristics. To further increase the 

intuitiveness of the interface the loop is 
made as a visible element of the graphical 

interface. 
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Figure 57: The six stages of the graphical interface. 
After the iteration in the making of the 
graphical user interface the result is shown 

above in Figure 57. The loop is made 
visible so that the user can get a grasp of 

where in the interface they are at the 

moment and how many steps it is to a 
specific function. To cope with the 

situation where the users became 
confused by the functions where there is 

more than one degree of freedom the 
perspective of the seat in those functions 

is displayed more from the side to make 
the arrows easier to interpret. There is also 

a redundancy of information to help the 

user understand in form of a stylized 
image of the seat which also has the 

informative arrows.  
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Figure 58: An image of the interface showing the lumbar support. 

The loop is visible, the degrees of freedom 

are clearly displayed in a stylized symbol 
of the seat and an informative picture of 

the seat shows the area of the active 

function, Figure 58. The images are now 
ready to be implemented in the test rig. 

 

4.3 USER TESTS 
As mentioned in the programming 

chapter there are different programs 
needed for the different types of test that 

will be conducted.  
 The test will be divided in to two parts 

with three subtests each. Regardless of 

feedback type in the subtest the system 
will always send out a vibration signal 

when the user tries to adjust the active 
function. The tests was video recorded as 

a support when analyzing the answers and 
the test person’s performance. The video 

recordings also served as a tool to be able 

to quote the test person in their 
spontaneous reactions while experiencing 

the interface. 
 

4.3.1 Test rig setup and calibration 

The test rig setup is shown in the Figure 

59, the main screen in front of the wheel 
shows the road and the laptop to the right 

simulates the interface screen in the car. 
The wheel and pedals are secured so that 

they don’t move around. 

 
Figure 59: The setup of the test rig with 
seat, wheel and pedals, “road” screen and 
interface screen. 

The memory function in the seat is set so 

that the starting position of the seat is the 
same for each user. The vibration signals 

that the test rig sent out are between 150 

and 250 milliseconds and are calibrated so 
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that they feel similar. The different 

durations is due to the fact that the 
different vibration zones are felt in 

different ways and thus adjusted until they 
feel as similar as possible. The time 

interval for the vibrations is set according 
to de Vries, Van Erp & Kiefer (2009) and 

calibrated from there, since those intervals 
worked best for them and also felt “right” 

for this test. 

 

4.3.2 Usability tests with focus on 

satisfaction 

The focus in the user test will be to 
evaluate the satisfaction part of usability. 

This thesis work runs parallel with 
another project which will focus on the 

effectiveness and efficiency parts of 
usability. Some measures of efficiency will 

be taken in the form of the time it takes 
to complete the tasks which according to 

Blanco, Biever, Gallagher & Dingus 

(2006) is an important variable when 
evaluating secondary tasks. Regarding the 

effectiveness it will be obvious if the user 
fails in their task of adjusting the seat 

functions so some information will be 
gained in this category as well.  
Part one 
The tests in part one will be performed in 

a manner where the user only assesses the 
interface. These tests will be regarded as 

reference tests for the tests in part two and 

they might also have some qualitative 
merit. The test in part one will indicate 

how fast the users understand the interface 
and also what they think of it. 

 The person that does the tests on the 
interface without the driving simulation 

in part one should complete the test in 

part two as well to get an evaluation of the 
interface while the test person is 

somewhat familiar with the interface. The 
test person completed the test in part one 

and answered the questions and 
performed the Microsoft product reaction 

cards (PRC) test before doing the same in 

part two. The Microsoft PRC words can 
be found in Appendix 5. The feedback 

was the same in part one and two, for 
example if the person completed the test 

in part one with only visual feedback 
there will only be visual feedback in the 

test in part two as well.  
Part two  

In part two the user assessed the interface 
while driving a car simulator and 

performing minor tasks like lane changes. 

The task is relatively simple but requires 
visual attention towards the road which 

hopefully showed the differences between 
the different feedback systems.  The 

driving simulation program is called lane 
change task (LCT). 

 The subtests are equal to part one and 

two. For the entire test procedure se 
Appendix 6 
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Lane change task (LCT) 
There are a few ways of simulating driving 

while executing a secondary task one 

method is called Lane change task 
(Mattes, 2003) which will be used in these 

tests. LCT will be used to evaluate a 
secondary task during a driving like 

situation. The user drives along a straight 
road with signs indicating which lane to 

drive in. An example of what the users 
sees is shown in Figure 60 below. In this 

case the user should stay in the middle 

lane which is indicated by the arrow on 
the road sign.  

 
Figure 60: Screenshot from LCT, the sign 
indicates with the arrow that the driver 
should stay in the middle lane. 

The subtests that where conducted in test 
part one and two are: 

Haptic feedback: The only feedback 
available is the haptic vibration signals that 

indicate which function is active when the 

user scrolls between them.  
Visual feedback: The only feedback 

available is the visual images that indicate 
which function is active when the user 

scrolls between them. The images also 
indicate which stage in the loop the active 

function is in. 
Visual and haptic feedback: In this 

subtest the user will receive a vibration 

signal from the selected function and also 
a visual image of the active function and 

the adjustment options available. In the 
image the position in the loop is illustrated 

so the user knows which function comes 
after and before the active one.  

 During the tests only two versions of 

the program was used. The program that 

only provided haptic feedback and 
showed a generic interface image was cut 

due to the fact that it made it hard to 
know for the test conductor which 

function the user had selected. The 
programs used where the one with visual 

feedback only and the combo program 
with both visual and haptic feedback. 

When the tests with haptic feedback only 

were conducted the program with both 
haptic and visual feedback was used and 

the interface screen was turned so that 
only the test conductor could see it and 

know which function was active. 
Participants 

User demography: 21 persons performed 
the test where the test was divided in to 

three parts so 7 persons did the same test 

one of each: only haptic, only visual or a 
combination of haptic and visual 

feedback. 
6 females 15 males 

12 university students with the mean age 
of 24 years old 

2 military age 20 and 35 
4 university teacher’s age: 43, 43, 47 and 

57 

One education consultant age 42 
One driving teacher/instructor age 40  

One system architect programmer age 36 

4.3.3 Qualitative tests 

The qualitative portion of the test is 
where the test person is asked questions 

and answers how they experienced the 

interface. Microsoft PRC are a big 
portion of this and was chosen because its 

timesaving compared to a regular 
interview (Benedek & Miner, 2002), the 

interpretation of the person’s reactions 
from the experience is also important. 

This is where the satisfaction is measured 

and evaluated.  
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4.3.4 Quantitative tests 

The major part of the qualitative tests 
regards the time it takes to perform the 

tasks during different feedback settings 
both during driving of the simulator and 

the case where the interface is the only 

thing in focus. The time it takes to 
perform the tasks is the efficiency and the 

way the user solves the task is part of 
effectiveness.  
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5 Results and Analysis 
In this chapter the results from the user tests will be displayed and evaluated. Word clouds will 
be used to illustrate the results from the Microsoft product reaction cards (PRC) and they will 
be a visual support when evaluating the opinions from the users. The word clouds are not the 
main source for the analysis just a visual aid when interpreting the answers from the interviews. 
The words that are largest and in greatest contrast in the clouds are the words in the test that 
most users picked and the smallest word with least contrast are the ones that fewest of the users 

picked. The words that no one picked in the Microsoft PRC form are not visible at all. The 
following statements are compiled from the interviews conducted after the Microsoft PRC 

form was done.  
The interviews were conducted in Swedish and all quotes have been translated to English.

 

5.1 USING THE INTERFACE 
WITHOUT DRIVING TASK 
In part one the user had its first interaction 

with the interface and is asked to navigate 
to and “adjust” specific functions. After 

the test the user will use Microsoft PRC 
to express their impression of the interface 

as a whole. Their answers are then used as 

a foundation for a short interview to assess 
their thoughts on the interface. The 

following chapters:  
 5.1.1 Evaluation of the interface 

with visual feedback only 
 5.1.2 Evaluation of the interface 

with haptic feedback only 

 5.1.3 Evaluation of the interface 
with haptic and visual feedback 

combined 
Are a summary of the user’s thoughts and 

the interviewer’s impression of the user’s 
opinions about the interface.  
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5.1.1 Evaluation of the interface with 

visual feedback only 

These opinions are compiled from users 

that performed test part one with visual 
feedback only.  

 

Figure 61: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
one of the test with visual feedback only. 

From the Microsoft PRC a word cloud 

was created were the words that was used 
the most is largest and has the highest 

contrast. This is an effective way of 
illustrating the opinions of the user’s 

experience. As you can see in Figure 61 
above all seven users found the visual 

interface easy to use.  
 The interface with only visual 

feedback was perceived as easy to use, one 

button provided the vibration feedback 
and the other button shifted active 

function which was visualized on the 
screen. The visualization was done with 

clear and meaningful images of which 
function was active and the order of 

functions in the loop. The positioning of 

the buttons felt intuitive near the standard 
buttons which controls the position of the 

seat. For the users that had some 

experience of other electrically operated 

seats this system felt fast since the 
adjustments was easy to achieve. The 

driving teacher provided some interesting 
feedback where he said that -“a safe 

driving position is more convenient to 

achieve with this kind of controls 
especially compared to manually operated 

ones”. He also said –“I have to help my 
students adjust the neck support, while I 

hold the button that releases the neck 

support my student adjusts it to the proper 
height”.  The users’ impressions were that 

the interface is user friendly and invites 
the user to explore the functions as well as 

that the advanced functions complement 
the driving environment. 
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5.1.2 Evaluation of the interface with 

haptic feedback only 

These opinions are compiled from users 

that performed test part one with haptic 
feedback only.  

 
Figure 62: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
one of the test with haptic feedback only. 

Figure 62 above is a word cloud from the 

Microsoft PRC from users that performed 

the test with haptic feedback. The most 
notable words from the cloud are Useful, 

innovative and responsive which five of 
the seven users picked. By those words 

the interface can be described as 
something new for the users, no one had 

experienced haptic feedback in a seat 
before, the feedback felt responsive since 

there were no perceived delay between 

the press of the button and the vibration 
signal. The users understood which 

function was active when they felt the 
vibration signal which they found useful. 

One user described the buttons with the 
words -“the buttons feel rigid” that you 

really knew from the click in the buttons 

when they were pressed and the haptic 
feedback reinforced that certainty. The 

same person also said: “No mocking 

about” about the entire impression from 
the interface, one button to choose 

function and one to adjust it. Many of the 
users thought that this layout of buttons 

where one switches function and the 
other adjusts it is preferable to interfaces 

where each function is controlled by an 
individual button, which easily becomes 

cluttered. One aspect of the interface 
which made many of the users think it was 

easy to use and intuitive was that the 

sequence of functions was in a “line” from 
the top of the seat to the bottom along the 

body. This is a common opinion from the 
users that tried the haptic only interface 

but users that hade other types of feedback 
expressed it as well. 

 Some users found the interface difficult 
to use. When you only get haptic 

feedback it can be somewhat confusing to 

differentiate between the vibration 
created when you adjust the function and 

the vibration signal when you switch 
function. This should not be such a big 

problem regarding the finished product 
where if you adjust the function you feel 

the seat changing. This seemed to be a 
problem that occurred during the learning 

of the interface since no user mentioned it 
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during part two of the test. 

 

5.1.3 Evaluation of the interface with 

haptic and visual feedback combined 

These opinions are compiled from users 

that performed test part one with haptic 

and visual feedback.  

 
Figure 63: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
one of the test with haptic and visual 
feedback.  

From the word cloud in Figure 63 above 
concerning the test with haptic and visual 

feedback the most notable impressions 
were: understandable, controllable, 

organized and easy to use. The users 
found that the functions were organized 

in a logical order that correlated with their 

preconception of how it should work. 
This made the interface understandable. 

The users got a haptic signal from the 
activated function which amplified their 

knowledge of where in the interface they 
were. One user who thought it was easy 

to use said that –“after a few tries you 
know the interface”  

 One example of how dominant the 

vision is as a mean to acquire information 

is that one of the test persons didn’t realize 

until I told him that there actually where 
haptic feedback from the seat when you 

switched functions. I told him that the 
feedback were there when he mentioned 

that it would have been nice if the 
functions vibrated when they were 

selected. He then realized that this was a 

major part in the fact that he perceived the 
interface as very intuitive. Test participant 

MB thought that the extra functions in 

the car seat where just unnecessary and 
just perceived them as something that 

would take extra concentration and made 
the car more cluttered. This person would 

not buy a car with the extra adjustment 
option in the seat. This person’s view of 

the interface shifted quite a bit after the 

second part of the test. Another person 
thought that the interface was a bit 

complex at first due to the fact that the 
screen did not appear as part of the 

interface. This problem is most likely on 
the test rigs part, in a car is more natural 

to gain information from the screen. Four 
of the seven people picked useful and one 

of them said that –“the images help the 

understanding of the interface” Another 
person who said that the interface was 

controllable explained it like this –“you 
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have control of what you are doing and 

you know what you are doing. It feels 
comfortable finding and adjusting the 

functions”. 

 

5.2 USING THE INTERFACE 
WITH DRIVING TASK 
Part two of the test is performed directly 
after part one with the same person and 

the same feedback settings. In part two the 
test person performs the same tasks as in 

part one but while driving a simple car 
simulator (LCT). The simulation requires 

the test person to have attention towards 
the road to be able to follow the 

instructions. The information is presented 

as road signs and instructs the driver of 
which lane to drive in. During the 

simulation no performance values were 
taken from the driving, the simulation 

aimed to understand how the driver 
perceived the interface while they were 

occupied visually with a task more 
important than adjusting the seat. The 

time it took to complete each interface 

task was logged and they will be 
compared the conclusion part of this 

chapter. The following chapters:  
 5.2.1 The visual only interface 

evaluated during driving 
 5.2.1 The visual only interface 

evaluated during driving 

 5.2.3 The haptic and visual 
interface evaluated during driving 

 
are a summary of the user’s thoughts and 

the interviewer’s impression of the user’s 
opinions about the interface.  
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5.2.1 The visual only interface evaluated 

during driving 

These opinions are compiled from users 

that performed test part two with visual 
feedback during the driving simulation. 

 

Figure 64: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
two of the test with visual feedback only. 

The most notable word from this test is 

understandable and fast since the persons 

understood how the interface worked and 
were able to make the desired adjustment. 

If you look closer at the word cloud in 
Figure 64 there are a lot of words like: 

stressful, frustrating and insecure and so 
on. One person who thought it was 

difficult said –“it’s hard to let go of the 
visual task of driving and looking at the 

interface screen”. This sums up most of 

the words with a negative annotation to 
them, since the users only got visual 

feedback they had to look away from the 
road to see which function was active. 

The negative words really got 
overrepresented in the interview where 

the majority of users said something about 

how stressful and frustrating it was to have 
to look away from the road. Even though 

it was visually taxing one person said that 

it was controllable –“I was able to keep 
focus on traffic while using the interface, 

to have explanatory images instead of text 
helps”, this person relied on the visual 

information and was able to complete the 

tasks, and didn’t even notice that there 

were text that helps the user understand 
the images. One person said that it is hard 

to use –“you find the buttons but you 
have to look away from the road. It is hard 

to adjust the seat when driving even 
though the interface in its self is quite 

easy”. To sum up the users impression of 

the visual interface they understood how 
to use it and thought it was quite easy, but 

when they were driving they got 
distracted and stressed when they had to 

take their eye of the road. 
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5.2.2 The haptic only interface evaluated 

during driving 

These opinions are compiled from users 

that performed test part two with haptic 
feedback during the driving simulation. 

 

Figure 65: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
two of the test with haptic feedback only. 

In the word cloud concerning the haptic 

interface in Figure 65 above the words 

fast, understandable and effective stand 
out. With the haptic interface it took the 

users the longest time in general to 
understand how the buttons and functions 

were connected, but by the time the users 
have completed the test in part one every 

one could navigate them regardless of 

feedback settings. So by the time the users 
start part two of the test they can navigate 

through the interface. Since the users do 
not have to look away from the road to 

know which function is active they can 
remain visually focused toward the road. 

This in particular made the users think it 
was fast and effective. That 

understandable stick out in the word 

cloud is because they have learned the 
interface and sees the advantages of haptic 

feedback in this situation. One person 

who picked creative as one of the more 

outstanding words in Microsoft PRC 
described it like this –“a whole new way 

of getting feedback”. The follow up 
question was: would you like this kind of 

feedback in a car? -“yes, if the buttons 

where more obvious and you could see 

which function was active”. A factor that 
made the use of the interface stressful for 

one user was that when the hand did not 
find the buttons at once they searched for 

them with their gaze and took their eyes 

of the road. Another person thought it 
was simplistic –“you know were the 

buttons are without looking and you can 
keep your eyes on the road”. The main 

opinion about the haptic interface from 
the users is that it’s a simple interface that 

is easy to use and fairly straightforward, 
and they appreciated that they could focus 

visually on the road while adjusting the 

seat.    
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5.2.3 The haptic and visual interface 

evaluated during driving 

These opinions are compiled from users 

that performed test part two with haptic 
and visual feedback during the driving 

simulation.  

 

Figure 66: Word cloud comprised of words 
chosen during the Microsoft PRC interview 
after the test person had performed part 
two of the test with haptic and visual 
feedback.  

Responsive is the most notable word in 
the cloud in Figure 66 but only one 

person picked it as a significant word in 
the interviews. In this case it was 

regarding to the fast feedback received 

from the vibration signals. Accessible, 
useful and intuitive are more 

representable words from the users in this 
test. Because there were only two buttons 

that controlled the interface and the 
functions were laid up in a logical order 

and paired up with explanatory images the 

interface felt easy to use and intuitive. 
One user said after driving the simulator 

that –“it is distracting, the visual feedback 
is dominant and I didn’t feel the haptic 

feedback, I had to look away from the 
road and the driving suffered”. The users 

that found the interface hard to use were 

talking about using the interface while 
driving in particular, not the interface 

itself. To sum up the opinions from the 
some users in this test they thought that 

the visual part of the interface took over 
during driving and operating the interface 

so they did not recognize the haptic 
signals as much. The interface in its self 

was clear and understandable. While other 
users thought it was nice that they did not 

have to look away from the road, one user 
said this about meaningful –“it feels safer 

to operate the interface when you don’t 

have to look away from the road”. The 
test participant MB that had a negative 

view of the extra functions in part one of 
the tests said this about useful after the 

driving simulation in part two –“it feels 
like you could and would use this system 

if it was available in a car that you used”. 

The same person also said this about clear 
–“it is a clear interface and signals, you feel 

when you are at the right function and 
you do not make adjustments to the 

wrong function. 
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5.3 CONCLUSIONS OF THE 
TEST RESULTS 
Some users had trouble identifying the 

shoulder height vibration signal, this 
might depend on the fact that it is a very 

unusual adjustment option but also 
because this vibration in particular made a 

large portion of the backrest vibrate so it 
was hard to identify were it came from. 

This will most likely not be a problem in 
the finished product when the feedback 

comes from the function actually moving.  

 One reason there are no negative 
words in the visual word cloud and 

interviews from that test might be that the 
interface are similar to ordinary interfaces 

and how you interact with them, so the 
users learning curve was fast. One button 

switches function which can be observed 

on the screen and the other makes the 
adjustment. The adjustment button 

generates vibrations in the seat to simulate 
a change in the seat. The visual only 

interface was the one that users 
understood the fastest in part one of the 

test. It had clear feedback on the screen 
and only vibrates when you adjust the 

function so there are minimal 

misunderstandings.  
 Some of the difficulty in part two of 

the test came from the fact that the users 
had to interpret the instructions which 

were delivered orally and translate them 
to the right function, since there was no 

demand on their part of adjusting the 
function the test appeared unnatural for 

some of the users. This would not be the 

case in a real life situation where 
adjustments are carried out by the user 

when they want to achieve a specific 
change in the seat. In the real life case one 

part of the cognitive load will be 
eliminated, the one where they have to 

interpret the task, (Wickens, 2002) brings 

up a similar example where the driver 
loses concentration toward the main task 

due to an engaging conversation.   

 The majority of users found it stressful 

to some degree to operate the seat 
functions during driving, which is 

understandable. The test does not reflect 
on normal driving behavior in the sense 

that you don’t normally perform this 
many seat adjustments in such a short time 

period during demanding driving. One 
person said –“it is a lot harder to do this 

while driving” after part two of the test 

with visual and haptic feedback.   
 Users with haptic and visual feedback 

tended to focus more on the visual 
feedback during driving. 

 In the test where both haptic and visual 
feedback were available to the user their 

experience while driving the simulator 

depended a great deal on how much the 
test participant relied on the visual 

feedback. The persons relying on visual 
information thought that the driving 

suffered while adjusting the seat since they 
“had” to look at the interface screen. It 

happened that the user did not even 
realize that there was any haptic feedback. 

  

5.3.1 Quantitative measures 

During the tests the times were logged 

from the moment the user received the 
task to its completion. The mean time for 

each type of feedback was then calculated.  
 Table 2: Mean time of function adjustment 
from task acquisition to completion. 

Initial 

average 
part one 

Only 

visual 

Only 

Haptic 

Visual 

& 
Haptic 

Mean 

time (s) 

12 14 12 

Driving 

average 

part two 

Only 

visual 

Only 

Haptic 

Visual 

& 

Haptic 

Mean 

time (s) 

8 7 10 
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After inputing the values to ANOVA it 

turned out there were too few test 
subjects for the values to hold statistical 

significance (before driving 
F(2.18)=0.23, 

p=0.7994>.05, during 
driving F(2.17)=1.84, 

p=0.1893>.05). But even 
though the mean times are 

not statistically significant 

their tendencies are the 
same as the opinions and 

reactions observed during 
the tests. For first time users 

it was the haptic only 
interface that took the 

longest to grasp which was 

as expected, 14 seconds for 
the haptic and 12 seconds 

for the other two see Table 
2. The users got vibration 

feedback from both buttons 
and until they grasped the 

functions of them the interface appears 
difficult and hard to use. It is reasonable 

that the visual only and visual and haptic 

interface had about the same learning time 
in part one of the test and that it was faster 

than the only haptic interface, this because 
most users rely on the visual feedback to 

understand the functions of the buttons. 
The learning curve can be observed in 

Table 3. The fact that the images show the 

active function and the position in the 
function loop are contributing factors in 

making the interface faster to learn for a 
new user. The user can observe that the 

active function switches on the screen 
when they press the switch button, this 

helps the user understand the function of 
the buttons and the interface as a whole.  
 
 
 
 
 
 
 

Table 3: learning curve for the different 
types of feedback. 
 

 When it comes to the mean times from 

the tests where the users where driving, 
the tables are turned.  Now the shortest 

mean time for completion of the 
adjustment tasks where achieved with the 

haptic only feedback which took 7 
seconds. The visual only second fastest 

with 8 seconds and visual and haptic the 
slowest with 10 seconds see table 2. The 

time for task completion during driving 

can be observed in Table 4.  
  

1 2 3 4 5 6

Visual 00:35 00:11 00:09 00:05 00:06 00:07

Haptic 00:44 00:13 00:05 00:06 00:06 00:10

Haptic & Visual 00:38 00:14 00:06 00:05 00:07 00:05

00:00

00:07

00:14

00:21

00:28

00:36

00:43

00:50

T
im

e
 (

s)

Time of Task Completion in Part One
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Table 4 time for task completion during 
driving 
 

When you combine these numbers with 

the opinions from the users you are able 

to draw some conclusions. Since there 
was no visual feedback that could distract 

the user when they were driving in the 
haptic only test they were able to focus 

visually toward the road and drive safe and 
feel which function was active and adjust 

it accordingly. That the visual and haptic 

feedback test gave the slowest mean time 
might depend on a few factors one being 

that the numbers are taken from too few 
users and that they are not representative 

and one other reason might be that the 
visual part of the interface was too 

dominant and the users did not rely on the 

haptic part of the interface to its full 
potential. A third reason 

might be that it took 51 
seconds to adjust the 

second function for one 
user (substantially 

longer than the other 
users). This To have 

both haptic and visual 

feedback during driving 
might result in 

confusion instead of 
redundancy in the 

intake of information 
when the users split 

their attention between 

road, screen and haptic 
feel. In the test with 

visual feedback only 
there are only one 

source of information of 
which function is active 

which make the user 
pick its time when to look at the screen 

instead of the confusion that might occur 

in the case where both visual and haptic 
feedback are available. This might be the 

reason that the test with visual feedback 
only was the second fastest.  

 It might be worth mentioning that the 
task completion times are not statistically 

significant is because there are too small 

differences between different feedback 
systems, for an experienced user of the 

interface the type of feedback will 
probably not matter since they would 

know the interface by heart. 

 

  

1 2 3 4 5 6

Visual 00:11 00:08 00:08 00:05 00:07 00:06

Haptic 00:09 00:08 00:07 00:06 00:07 00:06

Haptic & Visual 00:10 00:16 00:06 00:08 00:08 00:09

00:00

00:02

00:05

00:08

00:11

00:14

00:17

00:20

T
im

e
 (

s)

Time of task completion in Part Two
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6 Discussion  
I have learned the fundamental skills in creating a theoretical framework for a thesis, and 
using that information to move forward whit the science within the field. My knowledge 

about circuit building and programming have increased drastically since I were a novice at 
the start. I have also gained a great deal of understanding in how to create and conduct user 

tests.  

 The components that create the feedback are the actuator that adjusts the seat. Since these 
improvements only concern the software side of the interface there are no extra 

manufacturing or processing needed and thus no negative impact on the environment. This 
aspect also concerns Volvo Car Group, they can increase the customer value by adding 

functionality to the software. They do not have to alter or ad hardware production features 
to achieve this increase in costumer value and safety. 

 During the user tests in this thesis one user said –“when my hand did not find the buttons 
at once I took my eyes of the road to look for them” and this occurred with an interface 

that uses two buttons. Zwahlen, Adams & DeBald (1988) says that the driver should not 

take their attention of the road for more than 2 seconds for safe vehicle handling. This 
indicates the importance of designing the interface to allow the user to achieve a change in 

the driving position without the attention towards the road suffering. And since the haptic 
only user interface allows the user to maintain visual attention towards the road while 

adjusting the seat it should be safer according to Hills (1980). The haptic user interface allows 
the user to use different senses for the main task (driving the vehicle safely) and secondary 

task (adjusting the seat) which may reduce the cognitive load according to Wickens (2002). 
The haptic signals do not compete with the visual and acoustic information normally 

associated with driving a vehicle according to De Vries, Van Erp & Kiefer (2009). The hapic 

signals are instant compared to the visual feedback were the user has to look away from the 
road and on to the screen before acquiring the information, and according to Martens & 

Van Winsum (2001) the driver reacts faster to haptic signals compared to corresponding 
signals delivered by audio. This concludes that driving the vehicle and adjusting the seat 

with haptic feedback only will give a higher success rate in both the main and secondary 
task which correlates with the results from the quantitative measures where the haptic only 

interface were the fastest and the users perceived it as least stressful during the tests.  

 

6.1 REFLECTION 
A lot of the decisions made during this 

thesis work were based on the time 
available. For example the decision to stop 

working with the “balloon” concept, this 
concept would have been more true to 

the force feedback the real seat would 
provide. But with limited time and 

equipment another more feasible concept 

were chosen. During the user test phase it 
would have been preferable to contact 

more participants and schedule them 
beforehand to achieve greater efficiency. 

As it turned out now participants were 

grabbed when they got time for the test, 
hence the majority of students. Some days 

during the user test phase where not 
productive due to few scheduled tests. 

Another positive aspect of contacting 
more participants would have been the 

ability to control the balance between 

male and female participants and the user 
demography as a whole. The test results 

would have been more reliable if the tests 
had followed the “test script” more 

thoroughly. For example it happened on 
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a few occasions that the participant was 

not informed that the advanced functions 
only vibrated and did not actually move. 

This led to some confusion on the 
participants’ part until the mistake was 

realized and they got informed. Mishaps 
like this will most likely effect the results 

of the “time for task completion”. If a 
more thorough study of how to create and 

perform user test had been made the user 

test phase of this work might have been 
more efficient, resulting in more 

participants or a better designed test or 
both. 

 

6.2 FUTURE WORK 
The continued work on this matter is 

somewhat already in action since another 

student (John Hansson Winqvist) at LTU 
is using the test rig constructed in this 

work to evaluate the efficiency and 
effectiveness of haptic feedback in the 

driving environment. The 
recommendation for Volvo Car Group is 

to continue this work with extensive tests 
to make sure that this type of added 

feedback does not impact the driving in a 

way that is not safe. The study participants 
can see the positive aspects of this type of 

feedback and is open and positive to the 
notion of finding this type of haptic 

feedback in their cars in the near future. 

 

6.3 RECOMMENDATION 
The results shows that there should be 

different types of feedback depending on 
if the vehicle is moving or standing still 

 

6.3.1 Feedback during driving 

While driving the vehicle there should be 

only haptic feedback so that the driver can 
keep the attention towards the road and 

not be distracted by visual feedback on the 
screen. 

 

6.3.2 Feedback while stationary 

While stationary the driver should get 

both haptic and visual feedback from the 
user interface. As shown in the 

quantitative tests the mean times for task 
completion were the same for visual only 

and haptic and visual combined.  The 
visual feedback helps a new user 

understand the function of the buttons 

and visualize the loop of functions. The 
haptic feedback is there for redundancy 

and the user gets an opportunity to 
understand those signals in combination 

with the visual information and it will be 
easier to learn what the different haptic 

signals represent. 
  

 

  



 57 

7 Conclusions  
The aim of this project was to understand: How does the driver perceive the use of the advanced 
seat functions during driving when haptic feedback is introduced to the interface compared to visual 

feedback systems? The following research questions were formulated and answered to reach 
the project aim. 

 

7.1 RESEARCH QUESTION 1 
What happens to the driver’s attention toward 

the road during an adjustment of the seat when 

haptic feedback is introduced to the interface? 
 Satisfaction is the main part of usability 

that have been investigated in this thesis 
and from the users reactions in the test we 

can conclude that operating the interface 
during driving is stressful regardless of 

feedback type. But the haptic only 

interface is the outstanding one where 
users are most comfortable. The 

comments from the users are more 
positive about the interface when haptic 

feedback is available, if you compare the 
word clouds from the tests during driving 

the positive remarks are more apparent in 
the two examples with haptic feedback 

than the one with just visual feedback. 

The word clouds are quite representative 
of the people’s opinions during the tests. 

When haptics is introduced to the 
interface the driver does not get as stressed 

as he/she would with only visual 
feedback. The visual feedback distracts the 

driver’s attention towards the road which 

made them stressed and insecure, and to 
be able to safely control the vehicle vision 

is important (Hills, 1980) and according to 
Zwahlen, Adams & DeBald (1988) the 

driver should not take their eyes of the 
road for more than 2 seconds to safely 

drive the vehicle.  
 

7.2 RESEARCH QUESTION 2 
Is the task of adjusting the seat completed faster 

compared to visual feedback systems, when 
haptic feedback is introduced?  

 While the haptic only interface had the 

longest learning curve, the times for task 
completion that where gathered during 

the user tests show tendencies that it was 
the fastest during the lane change task 

(LCT) driving simulation. The mean time 
for task completion with haptic feedback 

only during driving was 7 seconds 
compared to 8 seconds with visual and 10 

seconds with haptic and visual feedback 

Table 2. 
   

7.3 RESEARCH QUESTION 3 
Does the user find the interface more intuitive 
when haptic feedback is introduced? 

Even though only 2 of 7 participants 
ticked intuitive in the Microsoft PRC for 

the haptic interface during driving, 5 
participants ticked fast, 4 understandable 

and 4 effective. This combined with 

opinions like –“you know were the 
buttons are without looking and you can 

keep your eyes on the road.” And –“easy 
to understand were in the interface you 

are at the moment.” Makes the interface 
intuitive since intuitive means that the 

information provided are correctly 

interpreted and the right actions are made 
with little or no cognitive resource. Is it 

more intuitive then the visual only and 
visual and haptic combination interfaces? 

No not when the user encounters the 
interface for the first time, since the visual 

part is the most common way of acquiring 
information. But while driving the haptic 

only interface distracts the driving less 

which leads to safer driving and less stress 
and frustration while adjusting the seat. 
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7.4 RESEARCH QUESTION 4 
Which combination of feedbacks does the user 

prefer, haptic, visual or a combination of the 
two? 

 The answer to the question which type 
of feedback the user prefers gets a little 

tricky. The questions were written early 
in the process and the methods that were 

used during the test did not accommodate 
for an answer to this question since the 

users only experienced one type of 

feedback. Even though no single user 
experienced more than one type of 

feedback some conclusions can be drawn 
if we compare the results between the 

groups. The visual only feedback system 
was preferred during the learning of the 

interface and the interface with haptic 

feedback only was preferred during the 
test where the user drives the simulator. 

 

7.5 RESEARCH QUESTION 5 
What type of haptic signals work in a driving 

environment? Are there specific amplitudes, 
waveforms and frequencies that gets amplified 

or decreased in a driving environment and the 
human body?  

 Regarding the question of which type 

of haptic signals work best in a driving 
environment no deeper analysis have been 

done. Volvo Car Group was asked if they 
knew any specific frequencies or 

amplitudes that you should stay away 
from or would amplify in the car but no 

specific answer was gained and this 
question was not a high priority in this 

work. Volvo Car Group mentioned that 

the signals should differentiate from the 
frequencies and amplitudes of the 

vibrations created when driving to avoid 
that the haptic signals becomes 

overshadowed. The signals were designed 
to be distinct and direct in a way that the 

user would feel them as one short surge of 

vibrating sensation. 
 

7.6 RESEARCH QUESTION 6 
User acceptance, does the user appreciate the 

introduction of haptic feedback to the interface? 
 The users who tried the interface with 

haptic feedback were positive to the 
notion of finding that type of feedback in 

a car, a few were asked if they would want 
this system in their car and others said 

spontaneously that they would like this 
type of feedback in their car. 

 

7.7 RESEARCH QUESTION 7 
Is the haptic feedback clear to the degree that the 
user doesn’t have to take aid from the visual 

feedback?  
 To answer the question if the haptic 

feedback is clear to the degree that the 
user does not have to take aid from the 

visual feedback we once again look at the 

results from the user tests. The test where 
the users only got haptic feedback during 

driving got the fastest results. Even if the 
numbers don’t hold statistical significance 

this shows that the users are able to 
complete the task even while driving even 

though the only source of feedback was 
through the sense of touch. The user 

acceptance and attitude was higher with 

the haptic only interface than the visual 
only interface when driving. So the 

answer to the question is yes, the haptic 
feedback is clear. 

 

7.8 PROJECT OBJECTIVES AND 
AIM 
You can conclude from the user tests that 

while haptic feedback has a longer 
learning curve the users did not perceive 

it as stressful compared to the other types 

of feedback when they were using the 
interface while driving. If the tendencies 

from the time of task completion 
measurements are accurate the haptic only 

interface is also the fastest interface to 
operate while driving since the user can 

focus visually on the road and feel which 
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function is active. When the vehicle is 

stationary the user should get both visual 
and haptic feedback. The visual part of the 

interface helps the user understand which 
function is active and the haptic signals 

should be there for consistency so that the 
user is familiar with them during driving 

when the visual part of the interface is 
inactivated. 

 This thesis will be a step on the way of 

creating a safer driving environment and a 
help in the understanding and use of 

haptic feedback as a mean of conveying 
information in the driving environment. 

This thesis will contribute in creating a 
more intuitive interface for the advanced 

functions in the car seat, hopefully it will 

also set the standard for how the advanced 

seat interfaces are designed.  

 The improvements notable to the user 
is that they will experience a more 

intuitive interface. The interface will not 
distract the user as much while driving. 

The users will be able to achieve a more 
comfortable driving position with less 

effort. This results in safer driving due to 
better sitting ergonomics according to 

Harrison, Harrison, Croft, Harrison & 

Troyanovich (2000). The fact that this 
feedback system has potential to reduce 

the cognitive load by letting the driver 
focus visually towards the road and feel 

which function is active might also 
increase the safety (Wickens, 2002) (de 

Vries, Van Erp & Kiefer, 2009). 
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Appendix 1 (1/1) Gantt chart 

Gantt chart  
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Appendix 2 (1/1) Question form 

Question form 
Test number: 

Production year:                         Brand:                       Model:                     

The automated functions available on this seat, in addition to the standard adjustment capabilities such 

as height, tilt and seatback tilt. 

Lumbar  Height  Size Seat  Length  Width 

Backrest  Length  Width Headrest  Height  Width 

Other non-listed functions ar noted here. 

Kalle and John gets acquainted with the functions of the chair and how they are operated. 

Test person:  Age:                                sex:   Male  Woman 

The test person is asked to adjust the seat in to a comfortable driving position. The actions are noted  

Time:                                                                              

The test person is asked to perform a specific adjustment, for example adjust the size and position of the 

lumbar support or the seat cushions length and width 

Time:                               Exists Lumbar Exists Seat 

    Size   Width 

    Height   Length  

Questions: 

Ask the sales personel which functions the specific comfort chair has and how they are operated 

(pneumatically or electrically operated) 

Does the sales person experience any problems with the interface, both personal opinion and from 

customers. 

Document: 

Document the different actions taken by the test person when adjusting the seat. 

Take pictures of the interface. 

Film the usage. 

Control questions: 

Did you know that you can adjust the seatback width? 

Did you know that you can adjust the seatback height?  

Ask about functions they didn’t use.  



Appendix 3 (1/1) Circuit diagram 

Circuit diagram 

 

 



Appendix 4 (1/1)  Evaluation test of the graphical interface 

 

Evaluation test of the graphical interface 
Initial conditions: The pictures describe advanced functions in the seat and the degrees of freedom 

they have. 

Questions: 

When you see these images which adjustment do you assume is available? 

What’s your first impression? 

What information do you think that the image is trying to convey? 

What made you draw that conclusion? 

What in your opinion would make the message clearer? 

 



Appendix 5 (1/2) Microsoft PRC 

Microsoft Product Reaction Cards (PRC) 
Joey Benedek and Trish Miner 

Microsoft Corporation, 1 Microsoft Way, Redmond, WA 98052 

joeyb@microsoft.com and trishmi@microsoft.com 

 

The following table contains all of the words used on the product reaction cards described in the paper 

Measuring Desirability:  New methods for measuring desirability in the usability lab setting.   

Permission is granted to use this Tool for personal, academic and commercial purposes.  If 

you wish to use this Tool, or the results obtained from the use of this Tool for personal or 

academic purposes or in your commercial application, you are required to include the 

following attribution:  "Developed by and © 2002 Microsoft Corporation. All rights reserved.” 

If you choose to use these cards for your own research, we are very interested in your experience, so 

we can continue to refine the method.  Please contact us and let us know how it works for you. 

 

The complete set of 118 Product Reaction Cards 

Accessible Creative Fast Meaningful  Slow 

Advanced Customizable Flexible Motivating  Sophisticated 

Annoying Cutting edge Fragile Not Secure Stable 

Appealing Dated Fresh Not Valuable Sterile 

Approachable Desirable Friendly Novel Stimulating 

Attractive Difficult Frustrating Old Straight Forward 

Boring Disconnected Fun Optimistic Stressful 

Business-like Disruptive Gets in the way Ordinary Time-consuming 

Busy Distracting Hard to Use Organized Time-Saving  

Calm Dull  Helpful Overbearing Too Technical 

Clean Easy to use       High quality Overwhelming  Trustworthy 

Clear Effective Impersonal Patronizing Unapproachable 

Collaborative Efficient Impressive Personal Unattractive 

Comfortable  Effortless Incomprehensible Poor quality  Uncontrollable 

Compatible    Empowering Inconsistent  Powerful Unconventional 

Compelling Energetic Ineffective Predictable Understandable 

mailto:joeyb@microsoft.com
mailto:trishmi@microsoft.com
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Complex Engaging      Innovative Professional  Undesirable 

Comprehensive Entertaining Inspiring Relevant Unpredictable 

Confident Enthusiastic Integrated Reliable Unrefined 

Confusing Essential  Intimidating Responsive Usable 

Connected Exceptional Intuitive Rigid Useful 

Consistent Exciting Inviting Satisfying  Valuable 

Controllable    Expected Irrelevant Secure  

Convenient Familiar Low Maintenance    Simplistic  
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Test procedure for part one and two 
Before test check 

Test number: 

Have Microsoft product reaction cards printed and ready. 

Check that the function seat length is active in the advanced function interface. 

Make sure the right feedback level is active. 

Level of feedback:   

Visual  □ Haptic  □ Haptic & Visual □ 

Ask the test person 

Age:   Profession:  

Male  □ Female  □    

Level of pre knowledge about advanced car seats  

None  □ Some  □ Expert □ 

Tell the user: 

Describe the situation: There are functions in the seat that simulates the advanced functions by 

vibrating. There is only a vibrating sensation, the seat does not change when you try to adjust the active 

function. There are buttons to control these advanced function beside the buttons that control the seats 

standard functions (show if necessary). 

The test will be video recorded to be able to quote you and to log times. Are you okay with that? 

Part One: Only interface   □   

Part Two: Interface while driving  □ 

Ask the person to adjust the seat so that they sit comfortably for driving. 

The test person is not allowed to try the interface before the test. 

If part two of test describe the simulator and start the simulator before the test starts. 

Start video recording 

The test starts whit the seat length function active. 

Ask the test person to let you know when they have found and adjusted the function you asked for. 

Log time it takes to find the right function (the time will be logged through video recording). 
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The succession of functions the test person is asked to adjust (seat length active): 

1. Lumbar  2. seat squab height  3. seat width  

4. neck  5. seat length  6. seat squab width 

Note the time when the test person says they have adjusted it. 

From neck to seat length how do they scroll? (you can scroll the long way down to the seat length or 

you can go up one step to get back to the first function which is seat length). 

Ask the test person to select the lumbar support and adjust the height of it. Which direction? 

Everybody said up, not relevant question due to the obvious answer. 

Ask the test person to select the seat squab width and adjust the width so it becomes closer to the body. 

Which direction? Answers: Down 3, up 2, front 9 and back 7 

Notable reactions? If I as a test conductor and interviewer not something interesting or special about 

the users performance. 

Citation: If the user makes a remark that can be interesting or telling about the interface. 

 

Microsoft product reaction cards 

1. After test ask the person to tic the words best describing their experience with the interface. 

2. Then ask them to select the 5 words most representative of their experience. 

3. When five words are selected ask the person why they thought it was: (for example) intuitive. 

Conduct an interview based on these five words, if some word on the list that is ticked but not 

circled stick out from the overall impression of the user then ask follow up questions about that 

word in particular.  

Answers are logged in separate document.  

 


