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A B S TR AC T
Expressive input is the culmination of 18 weeks of prototyping, ideation
and research conducted as my degree project at Umeå Institute of
Design. The project presents three design provocations which aim to
raise questions about the potential opportunity to create a dialogue with
the physical controls we interact with.
While words like “smart” or “connected” get thrown around quite often,
this work aims to show that there is a role for expression within the
relationship we have with our devices.
Expression within this context is defined as how we can make user
interfaces that leverage the advances in sensors and feedback in order
to feel more human.
The work presents three scenarios that might exist within an Automotive
context, and demonstrates solutions that encourage users to maintain
visual attention on the task of driving.
The project was conducted by running a series of short sprints that were
focused on specific problems, the intention of this approach was to
identify unique opportunities for future design work to explore.
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The introduction section details the inital context
for the project.
This covers the initial contextual landscape for the
project, and details the project goals, collaboration
partner and personal interest in the project space.
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Introduction

BAC KG RO U N D
With the maturity of touchscreen devices, physical
inputs and controls are becoming increasingly
marginalized in modern interaction design. There
are however certain situations and tasks where
physical controls offer a better user experience.

Expressive Input

If we look at mobile phones as an example, we see
that as physical elements become less central to the
experience, they often become a cluster of controls
that allow users to achieve a number of tasks with
one control. In modern phones the on/of switch is
now also the sleep button, the volume controls can
also be used as individual buttons, and the home
buttons have different controls. Clustering multiple
control ideas into single devices leads to its own
challenges, as the concept of using one control
for multiple inputs can be confusing. This can lead
to a breakdown in learnability [21] and stretch the
user’s ability to interpret the mental model.

Touchscreen interfaces are not particularly well
suited to eyes free control. This is due to the
combination of factors such as the interaction
space and visual affordance.
Firstly, touchscreen interfaces rely on a uniform
interaction space, (the edges of the screen), which
allows for updating of the content within the space.
Information and controls can move from screen
to screen, meaning that users cannot develop
procedural memory[12].
Image 1 - The HMI System of the Mercedes S-Class

Secondly, the space itself offers only affordances
to allow the user to locate themselves, meaning
that even if users know where they need to touch,
there is no way of knowing if they are pressing
the right place. This makes it difficult to learn an
interface without looking at it, as the visual content
of the screen defines the major qualities of the
interaction.
This approach is of particular importance in
automotive HMI interface design. An appropriate
driving experience should prioritize the driver’s
ability to maintain the required level of focus on
the operation of the vehicle and the conditions on
the road. In such a situation where user’s attention
is at a premium, well designed physical controls
allow the driver to keep the focus of their attention
on the road, rather than having to shift focus to a
control on a screen.
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T H E S TAT E O F T H E I N D U S T R Y
There are essentially two schools of thought when
it comes to developing HMI systems.
The first is that taken by Mercedes, BMW and most
“traditional” automotive manufacturers. In this
approach the driver should be kept in the driving
position at all times, and a physical device in the
center console should be able to control almost all
functions of the HMI system.
The benefit of this approach is that is very easy to
maintain a correct posture for driving, which we
might take to mean the drivers shoulders are kept
back and parallel to the steering wheel.
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This too has its drawbacks. Learnability (the ability
to internalize the interface’s mental model) is
still quite low in such interfaces, and the method
of touching the screen for all interactions means
that the driver has to lean away from their seat
to touch the screen, taking the driver out of the
driving position. More alarmingly is that all touch
interactions require the user to look at the screen,
taking their eyes away from the road.
Image 2 - Correct and Incorrect Driving Posture

There are drawbacks in these systems too however.
They generally have a steep learning curve, and
interaction patterns are not consistent between
manufacturers or with modern smart phones. This
learning curve also means that when driving a new
car, a driver may be a greater safety risk due to the
HMI system.
The other school of thought is that of Tesla. They
have taken the stance that all physical controls
should be replaced by one central touchscreen
interface. This is quite bold, but also not surprising
given the companies approach to technology and
their Silicon Valley pedigree.

P R OJ E C T G OA L
The main goal of this project is to explore how
varying levels of interaction complexity can
be achieved with physical inputs by scaling
the user’s interaction with the physical control,
and investigating how information on screen is
interpreted with specific controls.

P R O J E C T C O L L A B O R AT O R
During this project I was able to engage with Jorge
Furuya who is a principle designer with the Android
Auto team at Google. We collaborated though
several video calls to discuss the progress work and
ideas. At the time he was working with vehicular
user experience design he was a great asset. His
guidance at key points of the project was vital and
helped me focus my ideas.

PERSONAL INTEREST

Image 3 - The HMI System of the Tesla Model S

Tesla’s design philosophy stems from the fact that
they position themselves as a piece of technology
rather than a piece of machinery. The interface
makes use of modern interaction design patterns,
styled on principles of iOS and android mobile
phones, and all physical affordances are replaced
with digital counterparts.
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This topic is the type of interaction design that
got me interested in the field. My first job after
graduation from my BA was to design enclosures
for touchscreen kiosks. From the start I have always
wanted to combine physical and digital design and
this project has given me a great opportunity to
do so.
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This section documents the initial secondary
research into driver experience, and outlines some
of the concepts that that influenced the later
concept development phase.
Following this, the methods of developing concepts
through design sprints, and an inital problem
analysis are outlined.
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RESEARCH
INITIAL CONTEX T
During my internship year I was able to participate
in a six month HMI project at frog design. This
has given me a fairly good initial understanding
of the field. Throughout the project I found what
interested me the most were the concepts of driver
mental models and how they map physical to
digital controls.

FOCUS
I came into this project with a fairly clear idea of
what I wanted to explore over the course of the
17 weeks. My aim was to focus on the way users
interact with the physical controls, and to try and
understand more about the relationship between
the user, the interface and the control method.
As I already had experience working in this space, I
chose to keep the area that I want to focus my work
on as small as possible.
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R E S E A R C H A P P R OAC H

D I S T R A C T I O N A N D AT T E N T I O N

My approach to the research phase of this project
was quite unique among my class. As I had a fairly
narrow topic already, for me the aim of the research
phase of the project was to dig deep into academic
papers related to cognition, distraction, and the
fundamentals of user interfaces.

NHTSA [11] offers three main methods of distraction
that occur with drivers.

My goal during the research section of the project
was to get a strong foundation of concepts that
I could then draw upon during the design phase.

Multiplexing

Image 4 - Types of Distraction
Tangibility

V i s u a l D i s t ra c t i o n

Distraction

Visual
Attention

Multimodality

DRIVER
EXPERIENCE
Mapping

Multiple
Resource
Theory

Cognitive
Load
Theory

Mental
Models

Figure 1 - The Research Space

S E CO N DA RY R E S E A R C H
Secondary research was undertaken by digging
into academic papers, articles and books related
to a few specific topics at first. Some key concepts
became clear during this process and connections
between concepts emerged. The main topic areas
identified were Driver Experience and Distraction,
Cognition, Digital Form giving and Tangible interaction, Multiplexing and Modal interfaces.
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Visual distraction occurs when an object or a signal
enters the drivers view and captures their attention. This might occur outside the vehicle, such as
another vehicle, or inside the car, such as a flashing
light on the dashboard or an animation in an infotainment system. Visual distraction is interesting as
it is also the precursor to the next main type, cognitive distraction.

Co g n i t i ve D i s t ra c t i o n
Cognitive Distraction is the way in which our ability
to make decisions or calculations is impaired by
another mental process. For example, having a
deep conversation with a passenger might affect
the drivers’ ability to concentrate on the speed
limit, or trying to remember a phone number might
make it difficult to focus on the traffic situation.

M a n u a l D i s t ra c t i o n
Manual Distraction is defined as any time the
drivers’ ability to physically operate the vehicle is
somehow affected. This might be taking a hand off
the wheel to adjust a control, or stretching a sore
foot on a long drive.
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WO R K I N G WITH D I S TR AC TI O N

M U LT I P L E R E S O U R C E T H E O R Y

Designing for distracted drivers comes with a
number of challenges. Distraction occurs on a large
spectrum, and is extremely individual. Drivers skill
level, age and confidence all play a part in how a
driver might be distracted from the driving task

Multiple resource theory is the concept[9] that
we have limited supplies of our various cognitive
resources, and when they are under stress, they can
block the ability of other information to be stored.

However, it also exists within a spectrum[13], which
makes it very hard to test. Unlike blood alcohol it is
very hard to quantify, and a driver is usually unable
to make an accurate self assessment.

Studies have shown that a secondary visual task
like looking at a song title can block primary
information from being stored in our short term
memory.

CO G N ITI V E LOA D T H E O RY
Cognitive load is the amount of stress our ability
to store information in memory is placed under by
any given task. Classic cognitive load theory[7]
defines three main types of cognitive load.

Capitalize on
Germane load

Reduce the
extraneous load

Image 5 - Crash-test Dummies
COGNITIVE
LOAD THEORY

V I S U A L AT T E N T I O N
Visual attention is related to the stimuli a driver
diverts their attention to, either voluntarily or
subconsciously.[9]

“When information is relevant
to the driver, endogenous
control purposely directs
attention to particular features
in the driving environment.
On the other hand, exogenous cues,
such as abrupt movements, draw
attention to a particular object or
location without drivers’ intention”
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Manage the
intrinsic load

Figure 2 - Cognitive Load Theory

I n t ri n s i c
Intrinsic load is defined by the complexity of the information to be learned. The amount is determined
by the interactivity of the elements being learned.
For example learning words in a foreign language is
relatively straightforward, however learning grammar is a lot harder, because the words in a phrase
influence each other.
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E x t ra n e o u s

M E N TA L M O D E L S

Extraneous load is caused by inappropriate display
of information, or irrelevant information, or having
to combine spatially different information. For
example, if an operator of a power plant has to
apply safety information displayed in one format
into an emergency happening in another format,
then there is an increased extraneous load placed
on him or her.

One way in which we decode and understand
abstract concepts is though the creation of mental
models. This is not a concept that is specifically
related to user interfaces, in fact it was originally
hypothesized in the mid 20th Century.

Germane
Germane cognitive load is essentially the idea
of practicing things to get better. In this case a
certain amount of load is required to construct
and automate “schemas” which allow for easier
completion of the task in the future[7].

M U LT I M O D A L I T Y
There is some concept of multi modality in most
things we do, and this might be because it is
actually a way in which we deal with cognitive
load. Think of an example of giving instructions to
a tourist who speaks a different language, usually
we point at things, we wave and create gestures as
a way to get a more complex message across. This
is an instinctive method of creating multi modal
information that we do when tasks get harder to
achieve as Sharon Oviatt[12] says

“Users respond to dynamic
changes in their own working
memory limitations and cognitive
load by shifting to more multi
modal communication as load
increases with task difficulty.”
It is interesting to think about this the other
way. When we are the tourist, do the additional
information modalities help? The trend [18] in the
Automotive space is definitely towards multi modal
interfaces, but how do we understand these more
complex systems?
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American philosopher Charles Sanders Peirce
[19]proposed the concept in terms of a cycle of
deduction of how a system works and then cross
checking against available facts. He proposed that
a user of a system:

“(...)examines the state of things
asserted in the premisses, forms
a diagram of that state of things,
perceives in the parts of the diagram
relations not explicitly mentioned
in the premisses, satisfies itself
by mental experiments upon the
diagram that these relations would
always subsist, or at least would
do so in a certain proportion
of cases, and concludes their
necessary, or probable, truth.”
This idea that mental models are created through
a continual process of internal mental hypothesis
and validation would align with the concept of
Germane cognitive load leading to learning.
In this case the work being undertaken is the process
of validation, which increases our understanding of
the system.

A F FO R DA N C E S &
F E E D - F O R WA R D
Affordances are a concept made famous within
the design world by Don Norman in The Design of
Everyday Things.[16] Originally proposed by James
J. Gibson in The Ecological Approach to Visual
Perception.[15] There is some conjecture around
the concept [17], and the two authors define and
use the concept differently.
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Norman defines the concept as:

“ (...)the perceived and actual
properties of the thing, primarily
those fundamental properties that
determine just how the thing could
possibly be used. [...] Affordances
provide strong clues to the
operations of things. Plates are for
pushing. Knobs are for turning.
Slots are for inserting things into.
Balls are for throwing or bouncing.
When affordances are taken
advantage of, the user knows what
to do just by looking: no picture,
label, or instruction needed.”
Norman’s definition is based on the users
understanding of how objects are able to be used
based on the information provided by the form,
it’s intended use. Gibson however suggests that an
affordance is all potential uses of an object in an
environment, whether or not a user can perceive
these or not.

Expressive Input

Feed-forward builds upon the Norman definition of
affordance and suggests that a function should be
able to give some indication of what will happen
when we interact with it.
How we do this is really at the will of the designer,
and we must have a keen understanding of signifier,
affordances and information display in order to
manage this. In tangible products Djajadiningrat et
al [3] note:

“For a control to say something
about the function that it triggers,
we need to move away from designs
in which all controls look the same.”
Automotive interfaces are renowned for large
arrays of nondescript buttons and knobs, which
largely don’t offer a lot of indication of their
function based on their form. This might be an
interesting area to explore when developing design
concepts within this space.

MAPPING
Mapping is the relationship between how
information is carried across physical and digital
mediums. For example, if a row of switches
operates a row of lights in the same order, this
might be considered a natural mapping, as the
spatial relationship of the switches matches the
spatial relationship of the lights.
AMBIGUOUS

NATURALLY MAPPED

Image 6 - An example of Normans affordance concept

Soegaard suggests that this difference in definition
identifies the difference in utility and usability of an
object. In terms of an Automotive HMI context, it
is important to consider how affordances related
to both the utility and user perception of a control
object will impact it safe use within the vehicle.
Figure 3 - Ambiguous & Natural Mapping
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Difficulties occur when we begin to map abstract
concepts we cannot physically interact with
Djajadiningrat et al highlight this;

“Natural mapping falls short when
dealing with abstract data that
has no physical counterpart.”

Methods

M U LT I P L E X I N G
Multiplexing is the concept of allowing multiple
methods of input to happen with one device. Maybe
the best example of this concept is a computer
mouse click. We can move the device and a click
will have a different effect on the system, we can
double click and that will have another effect again,
or we can click and drag.
These different gestures create multiple methods
of input possible with one modality of interaction. According to Buxton[2], multiplexing breaks
down into two main methods. Spatial, and Time
Based Multiplexing

S p a t i a l m u l t i p l ex i n g

Image 6 - Englbarts Chorded keyset and 3 Button Mouse

CONSTR AINTS
Constraints are the ways in which physical controls
offer specific limitations with how a system is used
Fuchsberger et al [5] identify constraints as “part
of any interaction design activity, as they inform as
well as challenge and limit the designer.”
Similar to affordances, constraints are If we think
about our Mercedes and Tesla examples, we can see
these emerging. The driving experience is already
very defined, yet there are additional constraints
imposed by digital systems and methods of control.
When physical controls are the key interaction
modality, such as in the Mercedes, the mental
model of the interface is constrained by the ways in
which we can interact with the control. It is the task
of the designer to make sure that the affordances
provided to the user make it clear and easy to
understand.
When touch is the primary mode of interaction,
such as in the Tesla, the constraints are related to
visual attention and positioning of controls within
the touch display.
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Spatial multiplexing is the idea of creating multiple
controls by placing multiple inputs within a defined
spatial arrangement. An example of this is the
keyboard, where each button triggers a different
letter. This method is beneficial in situations when
learnability must be low, for instance in the cockpit
of an airplane each switch has one single function.

T i m e b a s e d m u l t i p l ex i n g
Time based multiplexing is when multiple controls
exist within one button. The context of how the
user engages with the button changes it’s function.
For example, when using a mouse on a desktop,
a single click triggers one function, double click
triggers another, and click and drag triggers
another. This approach allows for greater control
and flexibility, however the amount of advance
knowledge required to use all the functions is also
much

RESEARCH OUTCOMES
The intended outcome of the research phase is
to create a solid base of insights into the problem
space that could influence the design phase.
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SPRINTS

D E V E LO P I N G

The idea of a sprint is to undertake tasks in a timeboxed fashion to avoid fatigue and to be able to
build on ideas and to iterate quickly. Each sprint
was broken roughly into five one day segments.
The approach was based on the Google Ventures
model of design sprints.

CONCEPTS
I D E AT E , B U I L D ,
E VA L U AT E , R E P E AT

D ay 1 – G a i n i n g Co n t ex t

This project was undertaken through a series of
sprints to create a broad range of concepts to
test ideas. My overall goal was not to create one
conclusive concept, but rather to create a range
of concepts that explore the idea expressive input
across different physical modalities.

The first day of each sprint is spent gaining context
about what will be developed during the week. This
process involves identifying interesting ideas from
research, or from outcomes of previous weeks’
sprints. In later stages of the project, most of the
context will come from trying to build on previous
weeks’ ideas or by trying to work against them.

2. BUILD

1. IDEA

3. LAUNCH

4. LEARN

Figure 4 - The concept sprints aim to create a
shortcut between idea creation and learning
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D ay 2 – I n i t i a l I d e a s

D ay 4 – R e p e a t

The second day of the sprint is about brainstorming
and building quick sketches of ideas. This process
involves building paper mockups, sketching on
paper and simple foam core prototypes. The aim is
to test ideas as quickly as possible without getting
caught up in solving every problem at the same
time.

The fourth day of the sprint is focused on finalizing
and completing the design of the prototype. This
day gives the opportunity to rebuild or refine
components of the prototype that still need work,
and also to develop an appropriate housing for the
design.

D ay 3 – B u i l d a n d t e s t
The third day involves more formalized building of
test models. This goal of the three is to get from a
range of ideas to a single idea that can be evaluated
further. This phase involves building mechanisms,
creating electronic components or writing code.
This day does not necessarily end with a final
prototype, however the general idea should be
clear at this point.
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D ay 5 – E va l u a t e , D o c u m e n t a n d r e f l e c t
The focus of the final day of each sprint is to
evaluate the design with users, document the
process and reflect on the outcome. The idea is to
be able to draw a conclusion from the week’s work
that will inform the future work. At this point each
sprint was being documented as a blog post that is
posted on my thesis blog.
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PROBLEM
A N A LY S I S
PROBLEM DESCRIPTION
All forms of automotive HMI that drivers interact
with, from physical controls to touchscreens, influence one or more of these distraction points. In
doing so, the driver must give away some aspect
of control of the vehicle to engage with the HMI.

DESIGN OPPORTUNITIES
There are two main design opportunities I would
like to explore within this project. Firstly, to explore
how physical controls can be clustered and
grouped to create more intuitive in-car interfaces.
Secondly, to explore the relationship between how
users perceive content on a screen and how we
control that content with disconnected physical
devices.

G OA L S A N D W I S H E S
The main goal of this project was to explore how
physical controls and digital interfaces can be
integrated into more cohesive experiences. Within
this scope I also want to:
• Explore the idea of variability of inputs through
a number of low fidelity prototypes and explorations of input concepts.
• Design physical and digital controls.
• Create working prototypes of physical and
physical interfaces.

Expressive Input

EXPECTE D OUTCOMES
With this project I expect to create and evaluate a
number of different concepts around the idea of
scaling interaction with physical controls. One thing
that can be understood from existing solutions is
that there is no magic bullet within this problem
space. The focus of this project is not on invention,
and the aim is not to “solve” any specific aspect
of eyes free interaction. My aim with this project
is rather to identify approaches designers can take
in order to create appropriate solutions involving
scalable interactions.

DESIGN PRINCIPLES
The outcome of the research was to establish three
design principles, which were driven by specific
insights gained through the previous weeks. In this
section I will outline the directions and how they
began to shape the design work.

E N CO U R AG E E Y E S O N
T H E R OA D D R I V I N G
This design principle stems from the NHTSA
guidelines into driver distraction. The report
indicates that specific activities that take the drivers
visual focus away from the road ahead generally
have a higher chance of leading to an accident.
Any design produced should encourage users eyes
to stay on the road. This might be done in a number
of different ways, however the research indicates
that there are some specific techniques that might
provide for better solutions. These are outlined in
the remaining two design principles.

With this project I hope to:
• Gain a clear point of view on the relationship
between physical controls and digital interaction
• Learn something new everyday.
• Create a high fidelity prototype of an HMI
interface.
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U S E M U LT I M O D A L
I N T E R FA C E S
A multi modal interface is one which involves two or
more methods of information or feedback in order
to convey its message more effectively. In the case
of the driving experience, the driver’s attention
is variable and needs to be focused on different
things at different times, and so an interface needs
to offer feedback through a number of different
modalities.

E X P L O R E VA R I A B L E
I NTE R AC TI O N
Variable interaction is the idea that multiple levels
of interaction might be possible by giving the user
a greater range of input.

MFA Interaction Design - Umeå University - 2016
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This section covers the concept development
phase of the project.
The concept development phase is divided into a
series chapters each covering covering one of the
the five design sprints that were undertacken and
a user workshop.
The sprints were conducted over a series of
six weeks, where the goal was to produce an
independent design outcome at the end of each
week.
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CONCE PT
DEVELOPMENT

23

Concept Development
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SPRINT ONE:

PROCESS

THE ENCODER

I started by taking a simple rotary encoder that
can be purchased just about anywhere, mine came
from Elektrokit here in Sweden.

EXPLODER
Reth i n k i n g th e rot a r y e n co d e r.

These are different from a potentiometer, in that
instead of measuring resistance across a set range
in order to measure position, they measure the
movement and the direction of rotation by sending
a series of on and off signals to a micro controller,
this is called gray code.

Image 8 - A typical rotary encoder in an HMI system

BAC KG R O U N D
One of the main interaction paradigms in the
automotive space is the use of the rotary dial. This
type of interaction is quite handy in interface design
as it fits into two separate mental models quite
easily. This type of control affords the opportunity
to move left and right through item selection, and
also up and down in a list of items.

A P P R OAC H
This first sprint was setup as a way to start investigating and reproducing components. It was also
as a way to start getting a grip with the interaction
patterns associated with automotive design and
start to building a framework for design principles.
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Figure 5 - Demonstrating the versatility
of encoders in interfaces

The micro controller can then decode the sequence
in which the signals have been received in order to
work out which way the encoder is being turned.
Once a signal sequence is complete, a value can be
increased or lowered by working out the direction.
I wanted to see if it was possible to replicate
this signal creation, and make my own encoder.
I started by pulling one apart to workout exactly
how it worked. This type is a mechanical encoder,
and they are based on two signal pins being linked
to the ground by a brush that is in the knob.

MFA Interaction Design - Umeå University - 2016
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I laser cut an MDF profile of the circuit mechanism
at round 20:1 scale. I thought this would be good as
a way to really be able to see if it was working, and
also as it would be easy to manipulate if it didn’t
work.

Image 9 - The internal components of a rotary encoder

EXPLORING COMPONE NTS

I laminated aluminium foil to create some conductive components. Doing this meant I was able to
recreate the two channel circuit of the rotary encoder.

I took close up photos of the mechanism in the
encoder and I found some interesting things. There
are actually two different circuits that operate
independently. One for the encoder and one for
the push-button. In my head I thought they would
somehow be related to each other, however they
are completely independent.
In addition, the “clicky” feeling of the encoders
rotation is actually a mechanical component. The
click has nothing to do with the operation, and
is simply to offer some greater precision when
making a movement, and so accidental movement
can be minimized.
Image 10 - The final, working MDF rotary encoder

I then started to prototype based on this principle.
Firstly, with a paper device, which didn’t really
work as maintaining contact with paper alone was
difficult. I was able to make the connections work
without rotation using a multimeter to check if the
circuit was completing in the correct order. This
encoder sends the signal in the pattern of Signal A
- On, Signal B -On, Signal A -Off, Signal B Off.

W H AT I L E A R N E D
The first sprint was a great way to start to engage
with hardware as a design tool. By taking things
apart and working out how they work, it is possible
to take things that might seem like they are too
difficult to build and see them as what they should
be, which is tools we can use to build things.
I think as interaction designers we can sometimes
get a bit disconnected from the technology we are
designing. I often times hear people saying “I’m not
an engineer, so I can’t do that”, or “I’m not a coder
so I don’t need to worry about that.”

Image 10 - Early paper prototypes

From this first prototype I was able to tell that the
concept was working, and I decided to scale up to
MDF for a second prototype.
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I think that the mindset creates a distance from the
tools of design. To establish a concept of expression
with digital components and controls, we need to
see them as tools in our belt, or paint for our brush.
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S PR I NT T WO :
THE PUSH (NOT
PULL) WHEEL
E xp l o ri n g fo rce a s a n i n p ut .

The aim of this sprint was to explore how changing
the amount of interaction we have with an input
device might effect how we interact with a simple
menu.

BUILDING ON PREVIOUS
K N OWLE DG E
This week was designed to try and free myself from
getting stuck on just one idea. I had a concept in
my head for a while before starting the degree
project, and I thought I should just try and do it in
a week to get it out of my system and move on to a
more explorative approach to the problem.
The initial idea was built upon two existing works.
The force touch track pad from apple and also
by the Stacked UI project by Rob Nero at Malmö
University.

Image 11 - Testing different knobs
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Image 12 - Rob Nero’s Stacked UI

Image 13 - Apple macBook trackpad

Expressive Input

My goal with this week was to try and explore the
implications of force input on a menu system, by
creating a dial that has different levels of control
based on how much input you make.

PROCESS
The process of creating the object was fairly
straightforward. The box houses a force sensitive
resistor, which changes resistance based on the
amount of pressure placed on it. This is housed in
the bottom of the box, and when you push down,
the resistance increases.
This was combined with a solenoid to create the
feedback. If the solenoid is activated for different
lengths of time, it creates different amounts of
clicking, from small “ticks” to larger, more clicky
sounds. This allows for different levels of feedback
to be passed on to the user, creating a sense of
scale to the interaction.

Concept Development

The final element was the rotary encoder. This
controls the ticking sound by triggering a function
every time a multiple of 2 is met. In the deeper menu
levels, the ticking happens every multiple of 5, then
10, giving the feeling of more defined spaces rather
than fine control.

W H AT I L E A R N E D
This week was good as I was able to get to an
outcome by the end of the week. I felt that I was
able to reach the point I wanted to, and I created
an object that I could then reflect upon for future
weeks.
I also learned in showing the concept to people
that physical affordance was important even at
early prototype stage. Making sure the objects are
“saying” what you want them to is important at all
stages.

Image 13 - A screenshot of the final video
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Expressive Input

SPRINT THREE:
STAC K E D CO NTRO L
St a ck i n g co ntro ls p rove s a co m p l ex t a sk

PROCESS
The aim of this sprint was to combine a number
of similar types of push buttons into one device.
In modern HMI systems physical controls there is
often limited space available in the center stack,
and so controls need to be multifunctional.

The idea was to create a device that would allow
for a number of different controls. My goal was
to explore a different control method than the
previous weeks. I started by thinking about buttons
as the modality I wanted to explore.

The idea of placing multiple controls within one
device is called Multiplexing, which is a topic I
discussed further in my research phase. In this sprint
I wanted to explore the concept of multiplexing by
trying to explore how I might be able to incorporate
a number of different modalities of a button into
one object to create a multi functional device.

The initial design featured a puck-like disc that
housed capacitive touch strips on the sides. The
sides could also be pushed in to activate two more
buttons internally.
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Initial testing on this proved that the pushing force
needed to activate the internal buttons was quite
difficult for most people, so I modified this so that
the buttons were easier to activate.
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Image 14 - creating a “springy” platform

Image 14 & 15 - Using springs and limit switches

T H E J OY- P U C K

W H AT I L E A R N E D

Directional control is a key function of most HMI
controls. To create this functionality, I installed the
puck onto a raised spring assembly. Under this four
buttons were located in an Up-Down-Left-Right
arrangement to create a joystick.

This week was probably the least successful of the
work that has occurred so far. One of the outcomes
of this week was that it became even more clear
that designing for functionality of a control requires
a very close relationship between the design of the
screens that go with them

The joy puck offers the user three different levels
of control. The user can control the directional
buttons, or these can be controlled in conjunction
with either the tap functionality or the press
functionality.
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There is a close relationship between the information architecture of the system and how a control
mechanism works, and vice versa. This was a valuable learning that must be reflected upon when
building physical controls.
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Concept Development

Expressive Input

In his book “The Humane Interface”, Jef Raskin
defines a mode as (page 42):

SPRINT FOUR:
GEARED MODES
I nve s tig ati n g d yn a m i c m a p p i n g a s a way
to co m b at m o d e co nf u si o n

“An human-machine interface is
modal with respect to a given
gesture when (1) the current state of
the interface is not the user’s locus
of attention and (2) the interface will
execute one among several different
responses to the gesture, depending
on the system’s current state.”
Within the context of an HMI system, modes are
important ways in which drivers can complete
specific subsets of tasks that are related to each
other. These might be things like navigation,
entertainment, communication or car control.

The aim of this sprint was to try and see how a
users place in a system can be better understood
by the user by creating a physical representation
of their location. The work in this sprint focused
on the idea of clearly identifying the mode of the
interface.

MODE CONFUSION

W H AT I S A M O D E ?

This is a major problem in automated flight systems,
where pilots need to have clear understanding of
how much control they have over the airplane at
any given time.

A mode is a segment of an interface that is designated to one specific task. Almost all controls
within a mode relate to one specific function.

Mode confusion is one of the most common causes
of error with interactive systems. It occurs when a
user has the wrong understanding of the current
mode of a system, and engages with the system as
if they are in another mode.

Image 16 - A screenshot from the documentation video
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I used processing to create a simple mock-up of
an interface with three distinct tabs representing
three modes of an HMI system. The use of tabs is
a common method of segmentation in HMI so this
was a good concept to test. The idea was to link
the function of a touch interface with the function
of a physical control, allowing them to represent
the same function at the same the time.

Image 17 - An early prototype with encoder

In HMI systems the problem is less severe, however
it is still important as if the driver has a clear idea of
the mode of the system, it will reduce the amount
of attention they need to give the interaction with
the system.

PROCESS
During this week I drew on some existing experiences
I had while working on HMI systems during my
internship at Frog Design. My aim was to explore
how modes might be explicitly communicated to
the user through the physical nature of the control.
The initial inspiration was the idea of the forked gear
lever in manual cars. This control provides the user
with a clear physical representation of which gear
the car is in by having a unique physical position
for each gear. The driver needs to physically move
the control from one position to another to change
the gear.

This means that when the screen was in the red tab,
the control would move to the same location and
allow access to those functions. The controls were
linked so that interacting with either the screen or
with the physical controls would both adjust the
other to present the same function.

W H AT I L E A R N E D
This sprint was valuable as it helped me to explore
the value of representation at all stages of design
that began to emerge during the second sprint.
The relationship between the physical control
and the screen was also really interesting to
explore. Mapping seems to really help with
understandability of location within a system, and
being able to provide some additional information
with the location of the physical control seems to
have benefits as well.

Image 18 - Testing components with a breadboard

N AT U R A L ( B U T
DY N A M I C ) M A P P I N G
My goal was to explore how mapping between a
screen interface and a physical control might be
enhanced by making the link between the two
really clear.

MFA Interaction Design - Umeå University - 2016
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WO R K S H O P WE E K
L ate s t a g e u se r re se a rch
During the early stages of the project I made a quite
clear decision that I would conduct user research
at a later stage of the development process. This
decision was made for a number of reasons. Firstly,
I felt that I had a fairly clear sense of the direction
I wanted to go with the design work, and so I did
not feel it was necessary to use primary research in
order to frame my problem definition.
Secondly I felt that I already had a fairly solid
understanding of the needs of drivers from previous
work conducted during my internship. So this was
also a chance to draw on past work to save some
time within the project.
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Lastly from a learning perspective I really wanted
to somehow assess whether or not my initial
conclusions were correct, and I chose to do this
by validating more formulated ideas later in the
project as a way of testing myself.
There are pros and cons to this method, and it
certainly might seem risky within a traditional
context, however my aim with this project has been
to think of every task as a learning opportunity,
and so if things haven’t worked then that is in some
ways more valuable than if they have.
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MUSICAL EXPERIENCE
IN AUTOM OTIVE
At this point it was clear based on the process I
was employing, that developing a fully detailed HMI
system would be far too large a task to complete
within the time frame of the project. With this in
mind I began to look for a context that might allow
for a wide range of interactions to be tested within
a defined area of HMI.

Concept Development

PA R T I C I PA N T S
The participants for the workshop were fellow
design students from a mix of product design and
interaction design. The participants were a mix of
drivers and passenger, and all came from different
countries with quite unique driving situations. The
group was really helpful and eager to participate,
which was invaluable.

I began to narrow my idea to thinking about control
of music and entertainment controls within the car.
This decision was drawn from some insights from
initial sprints and some thoughts about how driver
experience might change in the future.

Image 20 - The first exercise was intended to
warm the group up to the problem space

W O R K S H O P F O R M AT

Image 19 - The user group engaged in free discussion

The workshop consisted of three exercises that
were intended to draw out some interesting points
of tension in the experience of entertainment in the
car.
Image 21 - Mapping Concepts based on context

Interacting with music and entertainment allows
for exploration of ideas like list navigation (such
as finding a specific song), fine motor control (like
adjusting volume) and mode confusion (knowing if
you are in stored music, radio, podcasts or video
mode).
Based on this I decided to conduct a workshop to
try and explore some specific scenarios that might
highlight some interesting design opportunities for
further enquiry.
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WA R M U P
The first exercise was a warm up exercise designed
to get the group thinking about the problem
space in order to make the outcome of the two
main exercises a lot richer. The group was asked
to brainstorm about what types of media are most
important to them in the car, and when.

Image 22 - A participant sketching a concept

Image 21 - An example of the excercise sheet format

EXERCISE 1
In the first exercise the participants were given a
sketch sheet to help structure their results. The
task was to create a method of interaction within a
specific scenario that was pulled out of a hat. The
aim of this exercise was to gather some insight into
how specific types of content might influence how
people expect to interact with them.

Image 23 - A physical concept created in LEGO

The group was encouraged to be very selfish in
their solutions, only trying to solve the problem
for their scenario. This was intended to focus the
results around the specific task. They were also
encouraged to pick a role, either that of a passenger
or that of a driver.

Image 24 - A completed concept and worksheet

34

MFA Interaction Design - Umeå University - 2016

Expressive Input

Concept Development

EXERCISE 2
In the second exercise, each person drew an
attitude out of the hat and tried to then design a
physical control that would suit that attitude. The
aim here was to get some insight into how people
might imagine interaction in a scenario where the
users’ attitude might influence their expectation of
the outcome.

OUTCOMES
Image 25 - A user discusses his concept

Image 26 - A “record flipping” concept

The workshop was a good way to validate some
of the ideas I had been developing and to identify
some interesting use cases for future work. The
clearest outcome was the clear difference between
how people perceive the role of the driver and the
passenger. When designing for similar scenarios,
those focused on the driver generally opted for very
shallow interactions that would be possible with
little or no need to move from the driving position.
Whereas those who focussed on the passenger
were more comfortable with deeper interactions
that required greater attention from the user.
I think the most valuable outcome of the workshop
was the discussion that occurred during the share
outs at the end of each exercise. It was really
interesting to hear similar experiences emerging
with different people.
I think the most interesting idea that emerged was
the idea that social pressure plays part of peoples
musical experiences in the car.
When people were in charge of the music selection,
they often felt some sort of pressure to provide
music that everyone else in the car would like. This
is something that I hadn’t thought about up to this
point but it is definitely something I can relate to.

Image 27 - A completed concept worksheet
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Image 28 - A still from the final concept documentation

SPRINT FIVE:
DUAL US E R
I N T E R FAC E S
D e sig n i n g fo r m u lti p l e u s e r s

PROCESS
At this point in the project I thought it would be
important to try and reflect on the role of the driver
and passenger with the car.
The car experience is quite unique as both
passenger and driver have different needs when
interacting with an HMI system, and also have
defined positions within the car.
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The aim of this week was to explore and sketch out
an interface that could identify and adjust to the
users who are interacting with the system. This is of
importance in a driving context as the driver must
maintain as much attention on the act of driving
as possible, while the passenger has no such
constraint.
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This essentially means that there is no one interface
that will best suit the driver and a passenger. It was
with this in mind that I began to sketch based on
this concept.
The prototype was built in framer and processing.
The screen consists of a menu with two states, one
for the driver and one for the passenger.
As the user begins to interact with the screen, the
interface will adjust to the specific role of the user.
The driver will get an interface with larger, clearer
information with lower information density, while
the passenger will have more detailed controls and
deeper menus.
The prototype uses a leap motion to detect which
hand the user is using, this gives a pretty good
analogue to the driving situation as you can work
out which person is most likely to be using the
interface.

PROTOT YPING ANALOGUES
This prototype highlighted an issue that arose
fairly regularly throughout the project. When
prototyping, very often very complex situations
or interfaces need to be simulated. In this case,
prototyping an interface which would actually be
able to detect and respond to different users would
be very difficult.
Image 29 -A leap motion
embedded in an MDF case

Image 30 The driver and the user
operate with different roles in the car

However by pinning the prototype to some
assumptions, such as the driver using their right
hand to control the interface, and the passenger
using their left, the design intent of the prototype
could be achieved in a much simpler way.

W H AT I L E A R N E D
Despite the simplicity of the build, this prototype
was actually really well received by people I tested
it with. There is some quality to the interface
changing when you interact with it that people
really responded well to. It was at this point in the
project that the idea of a dialogue between the
user and the controller began to take shape.
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SPRINT SIX: LISTS
WITH F E E D BAC K
C re ati n g n o n -visu a l fe e d b a ck
Image 31 - Getting the components working

The Initial Idea for this week was to explore how we
might be able to move visual cues for understanding
of our location in a menu into physical feedback. If
we think of list of items, we rely on our visual senses
to interpret our place in the list, and how we need
to interact to get to what we are looking for.
If we think about interacting with the same list
without looking at the screen, we can see that this
is now a much harder task. Visual feedback such
as a scrollbar, alphabetical or numerical ordering
and the top and bottom of a list provide a number
of different sources of information that we use to
interpret our place within a system.
Image 32 -Mounting the motor and
encoder in an MDF casing

The goal of this sprint was to explore how we might
create feedback within a physical control that can
assist with non-visual place-finding.

PROCESS
This sprint saw a return to the rotary dial as a control
device. Whereas in previous sprints I explored how
user input might effect a control, during this sprint
I wanted to explore how a control might provide
feedback to the user.
The initial prototype contained a rotary encoder,
a solenoid, and a DC motor. The DC was attached
via a reduction gear to the rotary encoder. The
idea would be that when the user turns the wheel
Image 33 - The first attempt at gears

38

MFA Interaction Design - Umeå University - 2016

Expressive Input

Concept Development

Image 34 - The gear and the rotary control

past the end of a list, the wheel would then spring
back, letting the user know that there is no further
content to be scrolled through.
The DC motor was programmed to trigger when
the user got to the end of the list, in the opposite
direction to the direction that the user had been
scrolling. This worked quite well in creating the
feeling of hitting an invisible wall.

W H AT I L E A R N E D
This week was quite useful in exploring how to
create a physical interpretation of a digital concept.
In doing the work this week I began to see a lot of
possibilities in terms of how this might be expanded
upon.

Image 35 - The circuit for the solenoid

Image 36 - Close to finished
MFA Interaction Design - Umeå University - 2016

39

This section details how the inital sprints were
refined and further developed into the final three
concepts that formed the final project.
The process of refinement from the five sprint
outcomes into three core concepts is outlined and
then each of the concepts is detailed within it’s
own chapter.
The section ends with a documentation of the UID
16 presentation and a reflection on the project as
a whole.
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R E S U LT S
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REFINEMENT:
THREE
P R O V O C AT I O N S
ON INPUT IN HMI
From the completion of the initial 6 sprints, 3 clear
concepts began to emerge. It also became quite
clear that the value of the work was not in trying
to build a complete design solution that would
“solve” driver distraction. Instead the value was in
presenting some explorations of the dialogue we
have with physical controls, looking at how the
user, the physical control and the interface work
together.
My process was quite different from most, and as
such the final design was not a sum total of the
work undertaken during the project. Instead my
focus was on refinement of ideas that emerged
during the sprint phase of the project.
From this point the design direction was much
more focused on using the automotive space as a
way to provide some clear constraints and more
realistic use cases.
This was intended to make the work more
understandable to the layperson. However, the
interactions themselves and the specific qualities
of these would be the focus moving forward.
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Image 37 - Some shots of the concepts
in various stages of undress
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PROCESS
The process moving from the 6 initial prototypes
to 3 refined prototypes involved several steps.
The basic approach was to consolidate the
concepts that seemed to work together, finalise
the hardware packages and then build out the UI
mockups further.
As my process was quite different to others in my
class, the results of my project were like snippets
of concepts. The process from the sprint stage to
the final presentation of results was an additional
iteration on the concepts rather than aiming to
complete a final design.

Image 38 - Increasing the fidelity of the
gears using acryclic for a better feeling

C O N S O L I D AT I O N
Consolidating the ideas was an important step in
the refinement of the design concepts because
from the initial sprints, some clusters of ideas
seemed to emerge. At this point some basic use
cases seemed to be forming, and consolidation of
some of the ideas seemed to make sense at this
point.
The three concepts broadly related to;
• menu navigation through physical interaction
and feedback
• user modes and information display
• dynamic mapping between screen and control.

Image 39 - The encoder and neopixel assembly

H A R D WA R E F I N A L I S AT I O N
A majority of the work in refinement of the three
concepts was to finalise the hardware. This process
involved refining the mechanical aspects of the
prototypes, and building smaller and more sturdy
hardware packages.
This phase of the project involved at least two
iterations of each concept. The intent was to fine
tune the designs and make sure they worked as
intended.

Image 40 - The button with the lighting working
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P R OTOT Y P E M E S SAG I N G
One key factor when presenting prototypes is to
make sure that the prototypes convey the message
that you, the designer, intend. In this project I kept
hitting this issue and I often found it difficult to
convey my design intent without other questions
being raised.
In light of this some sleight of hand needed to be
undertaken in order to make sure the focus of the
prototype was always where it needed to be.

Image 41 - The MDF was bevelled to hide the joints

I decided to focus a lot of my attention on what the
message of each prototype might be, and try and
steer the user in the direction of only judging the
prototypes on the qualities that I wanted them to.
This idea formed the basis of how I chose to present
the prototypes at the degree show, and will be
discussed further later in this chapter.

U S E R I N T E R FA C E M O C K U P S
Due to the different hardware packages being
used, the UIs were developed in different ways.

Image 42 - The assembly of the motorized slider and
the encoder

The complexity of concept one meant that both
input and output were needed in the user interfaces.
Due to this the UI was developed in Processing to
allow for access to a greater level of control of input
and output by using the serial connection.
For concept two, the UI was also developed in
Processing to allow for communication to occur
back and forth between the interface and the
control.
With concept three, the UI was developed in Framer.
js, with processing acting as a communication layer
between the leap motion interface and the UI.

Image 43 - The concrete housings and the internal
acrylic chassis
MFA Interaction Design - Umeå University - 2016
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CONCEPT ONE :
L AY E R S O F I N P U T
The aim of this concept was to explore how
variability of a users input might allow for greater
control of digital interfaces, and how feedback from
the system might be able to dynamically respond
to the users’ actions.

Image 44 - A concrete housing and the acrylic chassis

CONCE PT SCE NARIO
The scenario for this concept is based on the
feedback I received from users in the workshop. In
this concept, a user is searching for an item in a
deep menu structure, in this case searching for a
song in a music library.

REFINEMENT
This concept was a refinement of the second and
the sixth design sprint. The goal was to present a
layered interaction that also would provide dynamic
feedback based on a users location within a menu
structure. The two key concepts I was exploring
were variable input and dynamic feedback
Image 45 - The button had internal
supports to help assembly
MFA Interaction Design - Umeå University - 2016
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VA R I A B L E I N P U T

TECHNICAL DESCRIPTION

When the user engages with the knob, the amount
of vertical force applied determines the level of the
menu in which they interact with. The metaphor
for this concept like diving from a boat, the user
pushes down on the knob to enter deeper menu
levels, and as they release the knob they return to
the surface levels.

The device consists of the following components;

The user is also able to make sense of their location
in the menu due to the different nature of the
“clicks” as they navigate line items, as they user
gets deeper, the navigation becomes more fine
tuned to allow for more focussed control
In practice this concept worked to an extent,
however it would take a lot of further fine tuning
and testing to solve problems relating to false
positives, however it is somewhat helped by the
second concept of dynamic feedback.

DY N A M I C F E E D B A C K
The user experiences dynamic feedback when they
reach the start or end of a list, and this is variable
based on the level and the specific context of the
menu.
When the top or the bottom of a list is reached,
the control actuates in the opposite direction,
creating the feeling that the user is being pushed
backwards.
The sensation is that of hitting a wall, or the edge of
a potentiometer, however it is completely controllable by the system. This gives the user a dynamic
physical cue as to their location within a menu.
The user also gets visual feedback both on the
screen which is coordinated with the physical feedback. The idea is to provide multi modal feedback
in order to increase understandability for the user.
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• A Yumo high resolution rotary encoder that
measures the rotation of the knob.
• Two force sensitive resistors to measure the
amount of pressure
• A 9v DC motor to provide resistance to the knob
• Neopixel 16 Ring
• Adafruit MotorShield
• Arduino Leonardo
The following custom components were built
• Lasercut gears
• Lasercut Acrylic knob to allow transmission of
light from the neopixels
• Internal Lasercut Assembly
• Concrete Enclosure
The device measures the rotation of the knob using
a high resolution rotary encoder. This sends gray
code to an arduino sketch where it is interpreted
as a variable, this value is shared with a processing
sketch.
The value is then presented as a location within
a list in the sketch, and this location is sent back
to the arduino. If the knob reaches the top or
bottom of the list, the DC motor will turn in the
opposite direction to the knob, creating the feeling
of feedback pushing the knob in the opposite
direction.
When the user places some force on the knob, it
triggers the interface to access deeper levels of the
menu. This also triggers the knob to change colour
corresponding to the level of the menu they have
reached.
The menu styles can be vertical or horizontal, and
of unlimited length, however the intent is that
menus should get shorter as the user gets deeper
into the menu.
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As the user gets to deeper levels of the menu, the
physical feedback gets less “clicky” and becomes a
more fine grained control, kind of like moving from
a clunky control on a car air-conditioning system to
the knob on a safe. This is intended to demonstrate
how variable feedback can allow for different use
cases within a menu system.

Figure 6 - The system diagram showing
the hardware and software interface

HARDWARE

9V DC MOTOR

24 NEOPIXEL
RING

TRIGGERS AT
THE START AND
END OF THE LIST

DISPLAYS
COLOR OF
THE MODE

ARDUINO

SENDS AND
RECIEVES THE
POSITION WITHIN
THE INTERFACE

SOFTWARE
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5V MINI SOLENOID

TRIGGERS WHEN
THE CURSOR MOVES
TO NEW LIST ITEM

SENDS
VALUE

CONTROLS
THE MODE
OF THE
INTERFACE

ROTARY
ENCODER

FORCE SENSITIVE
RESISTOR
X2

PROCESSING
SKETCH
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R E S U LT
The result of this concept was a system based on
three key interactions. Those being digital edges,
layers of feedback and force as a selection method.
These each were realised to different levels success
and different levels of understanding from the
users.
The digital edges interaction was very successful
as a concept, and this translated well in the final
prototype. With more time for fine tuning I think
this concept is very promising for interactions that
involve rotary controls.
The varying layers of feedback was also successful
in both concept and delivery. The aesthetic qualities
of the feedback is something that is perceived quite
well by the user, and so using this as a design space
is certainly very effective for designers.
The concept of using force as a selection method
was probably the least successful of the three
interactions, however i think there is reason for this.
The affordance of a wheel is already so embedded
in people that trying to alter peoples pre-existing
understanding presents problems.
In this case the concept of push / click to confirm
or enter is quite common, in existing HMI and in
other cases such as washing machines, home
entertainment systems etc.
Understanding pre existing mental models is key
when augmenting interactions or designing new
ones.

P OTE NTIAL FU RTH E R WOR K
This concept presented a number of potential directions for further work.
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The concept of clustering controls into singular devices might have a broad range of uses. One use
might be anywhere where a user needs to have efficient one handed control, for example in an industrial control system where the user needs to control
one function with each hand simultaneously.
Another place this concept might be beneficial is in
the area of input devices for competitive gaming.
This field often uses very complex mouse and
keyboard setups or specialised gaming controllers.
I believe that clustering controls based on the
amount of input a user makes might produce
interesting possibilities for interaction within
games.
Another place in which this concept might be
further developed would be in the miniaturisation
of existing control devices. Apple have been
doing this for sometime with the trackpad, initially
removing the button, and then increasing the
amount of input you can make through multi touch
input and then later through force touch. I think this
process might have a lot of potential
One area I intentionally avoided in this project but
I plan to explore further in the future is the area
of music synthesis and control devices. The MIDI
interface has had a lot of controls of things like
input velocity for several decades. In control of
synthesisers often musicians need to keep hold of
knobs to create the sounds they want. By putting
multiple control into a single knob, I think this
might increase the potential possibilities for sound
creation.
I think the digital edges concept has a lot of
potential in providing feedback for eyes free
control. Any function that is controlled through a
list and physical control might benefit from some
feedback physical feedback indicating where the
start and end of the list is. This might be in HMI
systems, media systems like DVRs or even in mobile
phone menus.
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SYSTEM FLOW
USER INTERACTS
WITH KNOB

HOW MUCH
FORCE IS THE
USER GIVING?

HEAVY
FORCE

THE USER IS
ENGAGING WITH
THE SYSTEM AT
A DEEPER LEVEL

SLIGHT FORCE

LEVEL TWO
ON THE MENU

LEVEL ONE
ON THE MENU

IS THE USER
AT THE END OF
THE MENU?

NO

THE SOLENOID
ACTUATES AND
SIMULATES A
SLIGHT CLICK

THE NEOPIXEL
RING INDICATES
THE LEVEL TWO

THE INTERFACE
DISPLAYS THE
MENU LEVEL ONE

THE INTERFACE
DISPLAYS THE
NEW MODE

YES
THE DC MOTOR
SPINS OPPOSITE
TO THE DIRECTION
OF THE KNOB

THE INTERFACE
DISPLAYS THE END
OF LIST STATE
Figure 7 - The logic of the system
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CO N CE P T T WO :
DUAL US E R
I N T E R FAC E S
The aim of this concept was to explore how
advanced sensing and manipulation of the form of
an interface might facilitate unique multiple-user
interfaces.

CONCE PT SCE NARIO
The scenario for this concept is based upon a driver
and a passenger sitting in a car, both wanting to
interact with the HMI system to adjust the music.
The aim with this scenario was to explore driver
and passenger roles within the design.

REFINEMENT
This concept was a refinement of the work
conducted in sprint five. The process of refinement
with this concept was focussed on creating a

realistic user interface concept that would clearly
represent the idea that two separate modes might
exist in an interface for specific users.
The user interface was built in framer.js with a processing sketch running as an I/O layer. The processing sketch runs a leap motion library which recognises which hand is being used. This information is
then sent as a keypress to an active framer sketch
which reads the keypress and updated the interface based on this.

DESIGN FOR SHARED USE
With this concept I tried to explore the concept
of designing user interfaces for multiple types of
users with different needs and requirements.
Through the user workshop I held I was able to
pinpoint the different needs of the passenger and
the driver when interacting with an HMI system.
Generally the more visual attention they could
safely give to the operation of an HMI system, the
more likely it is that they will want to have a greater
sense of control over the system

I N F O R M AT I O N D E N S I T Y

Image 46 - Casting the housing in concrete
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One strategy I tried to employ was the manipulation
of information density on the screen when different
user types were interacting with the system.

53

Results

Title

Image 47 - The UI in Driver Mode
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Image 48 - And again in Passenger Mode

MFA Interaction Design - Umeå University - 2016

55

Results

Expressive Input

USER REACHES
FOR THE
CONTROL

LEAP MOTION
READS THE
USERS HAND

IS THE HAND
A LEFT HAND?

NO

YES

THE USER
MUST BE THE
DRIVER

THE USER
MUST BE THE
PASSENGER

PROCESSING
TRIGGERS “O”
KEYPRESS

PROCESSING
TRIGGERS “P”
KEYPRESS

FRAMER.JS
HEARS THE
KEYPRESS

FRAMER.JS
HEARS THE
KEYPRESS

THE INTERFACE
DISPLAYS
“DRIVER MODE”

THE INTERFACE
DISPLAYS
“DRIVER MODE”
Figure 8 - The system logic
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Information on the screen was divided into primary
and secondary priority based on the mode of the
interface (in the case of the prototype, music was
the chosen mode)
As the user type changes from driver to passenger,
the secondary priority information appears on the
screen to give the passenger a richer experience.

TECHNICAL DESCRIPTION
The device consists of a leap motion hand recognition device presented in a mock-up physical control. By sensing whether the user is using their left
or right hand, the interface can interpret which side
of a car they might be sitting on.
The interface consists of a processing sketch
and a framer.js sketch running simultaneously.
The processing sketch interprets the leap motion
information and then triggers a keyboard press.
In the framer.js sketch a listen event waits for a
keypress to occur, then triggers a switch in the
interface between two modes.

Figure 9 -System diagram

HARDWARE

LEAP MOTION

SOFTWARE

PROCESSING
SKETCH
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R E S U LT
While technically the most simple of the three concepts from a prototyping perspective. This concept
was probably the most effective in sparking conversation and interest around the ideas presented.
The basic idea of designing for multiple users in the
car was quite clearly understood by most, and the
idea of transitioning between levels of information
density as a way of targeting each user was also
quite well received.
I think the fact that this concept was presenting
only one main idea, rather than trying to prototype
a system or collection of ideas was the reason it
was so effective. This concept required the least
explanation and so that is why i think it was so
effective.

P OTE NTIAL FU RTH E R WOR K
This concept demonstrates that there a lot of potential in the space of designing interfaces for multiple users or shared user interfaces.
There is currently a push towards developing “driver modes” for smartphones which will limit the
amount of interaction the user can have with their
device, and I believe this can and should be extended to the HMI systems.
While the concept was presented in the fairly
simple scenario of music selection, it is not difficult
to see how this might be scaled to a larger interface
concept with modes based on the role of the person
using the system.

FRAMER.JS
SKETCH
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CONCEPT THREE :
A DA P TI V E
CONTROLS
REFINEMENT
This concept explores how the mapping of physical
controls to digital interfaces might be improved by
creating more dynamic physical inputs. The intent
was to explore the relationship between mapping
physical controls and screen based interfaces,
which is one of the current standard models of
interaction in automotive HMI.

CONCE PT SCE NARIO
The scenario for this concept is a driver interacting with an HMI system that has 3 main modes. The
driver will interact with the system in different situations. Stopped, city driving and highway driving.

Image 49 - I was running out of components
so I had to break an earlier prototype

MFA Interaction Design - Umeå University - 2016

The concept was refined by exploring UI elements
and additional mapping of colour between interface
and control.

VERBOSE MAPPING
With this concept I explored the idea of very
deliberate modes in order to combat confusion
within a menu. In this concept the idea was taken
much further to explore the idea of mapping being
a actual physical state of the control. In this case
with the control moving to match the open tab in
a menu.

Image 50 - The mold for the knob, this allowed for the
precision of laser cutting with the imprecision of concrete
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Images 51-53 - The three UI modes and
the related control position
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Figure 10 - The system logic

USER CHANGES
THE MODE IN
THE SYSTEM

IS THE USER
INTERACTING
WITH THE
IPAD?

NO

THE USER MUST
HAVE MOVED THE
PHISICAL CONTROL

YES
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PROCESSING
TRIGGERS ARDUINO
TO CHANGE
THE MODE

ARDUINO TRIGGERS
PROCESSING
TO CHANGE
THE MODE

ARDUINO
CONTROLS THE
MOVEMENT OF THE
SLIDER TO ALIGN
WITH THE MODE

ARDUINO TRIGGERS
THE MOVEMENT OF
THE SLIDER IN THE
REVERSE DIRECTION

THE NEOPIXEL
STRIPS INDICATE
THE NEW MODE

THE NEOPIXEL
STRIPS INDICATE
THE NEW MODE

THE INTERFACE
DISPLAYS THE
NEW MODE

THE INTERFACE
DISPLAYS THE
NEW MODE
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CO NTE X T UA L F E E D BAC K
Similarly to in concept 1, the idea variability of
feedback was tested in this concept as well.
Here the idea of variability was explored in relation
to the context of the vehicle at a given time. If the car
is in operation and interacting with HMI functions
would impact safe driving, feedback provided to
the user is much greater. Giving an indication much
in the same way as the gear stick and clutch give
the driver feedback in a manual vehicle.

TECHNICAL DESCRIPTION
The concept consists of a motorised sliding potentiometer, a rotary encoder and two neopixel strips.
The potentiometer creates feedback in the opposite direction to the way the user pushes it unless
the knob is located into three specific spots. This
creates the effect of a three “slots” which map to
the three tabs of the interface.

HARDWARE

This is similar to when a gearstick gives you feedback when you leave the clutch engaged.

R E S U LT
This concept was quite successful both in terms
of explaining the concept and also in terms of
identifying some potential for further development.
The idea of direct mapping of an objects physical
form and it’s digital form is quite interesting, and
while I presented it in a fairly rudimentary way, the
concept was very well received by the users who
engaged with it. There was a strong “Aha” moment
from a number of the people I showed it to.
In this concept mapping was achieved through
colour and position of the control and the interface.
However there is a lot more potential for exploration
in this area.

P OTE NTIAL FU RTH E R WOR K

MOTORISED
SLIDER
POTENTIOMETER

8 NEOPIXEL STIP
x2

TRIGGERS AT
THE START AND
END OF THE LIST

DISPLAYS
COLOR OF
THE MODE

IPAD RUNNING
DUET DISPLAY

TOUCHSCREEN
TRIGGERS THE
CHANGE OF MODES

ARDUINO

SOFTWARE

In a driving situation, when a user is driving, the
feedback when changing the control will be larger,
discouraging the driver from changing the mode
of the interface.

SENDS AND
RECIEVES
THE MODE OF
THE INTERFACE

PROCESSING
SKETCH

I believe this is an interesting area of exploration
and there may be further exploration in the idea of
mapping interfaces with dynamic physical forms.
This is an area raised by Baskinger and Gross [1]
and I would like to further explore the relationship
between physical form and digital affordance.
In a future scenario I see opportunity for the form of
physical control devices dynamically adapt to the
current state of an interface and provide different
input and feedback based on this.
It would be particularly interesting to explore how
shape and texture might dynamically change to
allow for different mapping potential with a digital
interface.

Figure 11 - System Diagram
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EXHIBITION
For the exhibition I presented the three functional
prototypes demonstrating the concepts.
To achieve this I rebuilt the the inner assemblies of
all three devices and cast concrete blocks to house
them in.
This decision was based on an intention to remove
some focus on the physical forms that the designs
might have in the “real world” and place them into
a slightly more abstract place.
Rather than having conversations around the
physical form of each button or slider, I instead
tried to make each object a representation of the
fundamental nature of each interaction.
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Image 54 & 55 - Users trying out the concepts at UID 16
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P R E S E N TAT I O N
The presentation of 3 working concepts was very
difficult to achieve. I spent some very late nights in
the last week of the project trying to get everything
to work. In the end trying to manage 3 computers
running different operating systems, 3 different
screens, and 3 prototypes didn’t quite work out as
well as I would have hoped.
One of my goals with this project was to build “real”
things, rather than models or representations. I feel
as though I got as close to this as I could, however
in the end making three concepts was probably not
the smartest idea from a presentation perspective.
I felt a lot of pressure to make the work presentable,
but I feel like this doesn’t really match with what I
feel the goals of an education should be.

Image 56 & 5 - Presenting the concept

While I totally understand and agree that work and
ideas should be shared, I feel like the UID Talks
format doesn’t work for every project, particularly
more explorative projects like mine that may not
reach a solution at the end.

MFA Interaction Design - Umeå University - 2016

65

Results

66

Expressive Input

MFA Interaction Design - Umeå University - 2016

Expressive Input

Results

REFLECTION
ON THE PROJECT
P o s t c a r d s f r o m t h e e d g e o f o b s o l e s ce n ce
I think that placing the context of this project in the HMI space will
ultimately make the work feel locked in time. I made a point to avoid
autonomous vehicles in my design decisions in order to try and focus on
the areas that I really wanted to learn more about, such as the relationships
between physical controls and systems.
While this was a deliberate choice, I do think when I look back on the
project in coming years it might seem more and more dated.

E x p r e s s i ve Sys t e m s
This project is called expressive input, but I think that Expressive Systems
might be a better name. I was really trying to explore how we can make
user interfaces that leverage the advances in sensors and feedback in
order to feel more human.
I focussed on physical input devices and simple screens and menus,
and I tried to explore expression without personification. We often see
interfaces that have a human voice, or who even represent themselves
as a character. I tried to explore how there might be other elements of
expression that we might be able to use as designers. I think this is a
larger topic that I hope to explore further.

MFA Interaction Design - Umeå University - 2016
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ON PROTOT YPING
Prototyping as an ideation technique
My process during this project differed from the approach of many of my
classmates, and also from a more standard design project.
Realistically the thesis project is the last time that we as designers
completely control our own destiny, and as such I felt it was of highest
importance to use the experience to try as many things as I could.
One of the main things I tried to explore in this project was using
prototyping as an Ideation technique. To start building things without a
plan of where they might lead. In my past as a product designer this was
not something that was possible, as it is expensive and risky to do with a
client’s money.
However I found that the times during the project that I was able to do this
actually lead to the most interesting results, and I think this is important
to highlight.

“Build-first” design
The way I would describe the process I took would be “prototyping
to ideate”. The idea being that you build things first and make design
decisions when you have enough information to make them.
This was difficult in the context of the project because it does take a
lot of time to build things and it means that the amount of time you are
designing becomes shorter compared to the amount of time you are
building things.
What I learned from this is that there is always a quicker way to prove or
disprove an idea, and that you shouldn’t be afraid of walking away from
an incomplete idea if you can see that it isn’t working or you can already
learn what you need to learn.

Expressive Input

Results

Prototype Small
In an interaction design context, prototyping is often seen as an act
of completion or execution of an idea. I think that by prototyping on a
lower fidelity, we can lower the stakes, and in turn it becomes of greater
importance as a design tool.
The relationship between the time spent building a prototype and time
spent evaluating a prototype is often not an even equation. By prototyping
things in a small and lightweight way, this balance can be adjusted and we
can iterate a lot more quickly and get a lot further.
There are prototyping tools all around us, and this is especially true in
the interaction design lab at UID. As designers we need to be nimble and
have enough humility to show ideas at there minimum quality rather than
polishing them.
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POSTER

Expressive Input
Creating a dialogue with physical controls

Layers of Input
The aim of this prototype was to explore how variability of a
users input might allow for greater control of digital interfaces.
By varying the amount of force placed on the rotary control,
the user is able to access deeper levels of the menu.
The rotary dial is also capable of providing in-context feedback
to the user, so when the end of a menu is reached, the dial will
provide resistance.

Geared Modes
This prototype was designed to test the relationship between
how we map information and how we understand modes within
a system.
By creating a direct, physical link between the mode a system
is in and the control, we might be able to create systems that
are clearer and easier to understand.
The prototype also explores how physical controls might be
able to encourage specific behavior when it is most suitable.

Dual User Interfaces
This prototype explores the idea that different users have
different needs from digital systems.
Within the context of a passenger car, the control is able to
identify the type of user, and then present a interface that is
best suited to their role.
The driver is presented clearer, glanceable information while the
passenger is presented media rich content and finer control.

James McIntyre
Australia
jmcintyre83@gmail.com
www.pinthirteen.com
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