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INITIAL STUDY PLAN (2007)

IS THERE A WAY THE TOUCH SENSE CAN BE USED IN MOBILE 
INTERACTION DESIGN TO PROVIDE FOR RICHER AND MORE NATURAL-
LIKE INTERACTION?

WHAT QUALITIES AND CHARACTERISTICS ARE NEEDED IN MOBILE 
HAPTIC INTERFACES TO TRANSLATE INTO KINESTHETIC ILLUSIONS 
THAT ARE TOTALLY BELIEVABLE?

WHAT ARE THE TOOLS, PROCESSES, METHODS AND THEORIES NEEDED 
FOR INTERACTION DESIGNERS TO GO ABOUT DEVELOPING 
MEANINGFUL INPUT OR OUTPUT FORMS WITHIN A TECHNICAL DEVICE 
THAT FEEL NATURAL TO THE USER?

PHASE 1: UNDERSTAND THE PLAYING FIELD

PHASE 2: BUILD, SKETCH, TRY, PLAY, EXPOSE

PHASE 3: PACKAGE THESIS
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ABSTRACT 
This article explores and discusses some challenges of prototyping 
haptic (touch) interfaces early on in the design process. Using 
examples of prototyping activities for haptic interfaces that have 
strong ‘sketching qualities’, this paper elaborates on different 
prototyping levels and the consequences on fidelity, construction 
requirements and technical skills. It concludes by proposing 
various guidelines or insights relevant to the design of haptic 
interfaces by designers. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: User Interfaces - Haptic I/O, 
Prototyping, Interaction techniques.  

General Terms 
Documentation, Design, Reliability, Experimentation, Human 
Factors. 

Keywords 
Interaction Design, Interface, Haptic, Touch sense, Sketching in 
Hardware, Prototypes.  

1. INTRODUCTION 
The benefits of prototyping activities are generally well accepted 
in the Design community [2][3]. Prototypes can be used to test 
and evaluate possible solutions (usability and requirement-
oriented approaches), but they can also be seen as tools to 
stimulate reflections, objects to frame, refine, and discover 
possibilities [6].  

Over the last decades designers have developed their skills, tools 
and methods to build prototypes. Numerous tools and systems are 
currently available to aid, support and ease the prototyping of 
graphical user interfaces or ‘GUIs’ (paper prototyping, screen 
mock-up, Flash simulator, etc).  

Outside the realm of the visual and auditory domains, there is 
limited knowledge and literature how to go about prototyping for 
the other senses (touch, smell and taste). Recent advances in tools 

and applications [4][8] have made it more accessible to build 
tangible and interactive systems that interact with the physical 
world. Can these tools help prototype and sketch non-traditional 
interfaces quickly and efficiently? 

 

2. SKETCHING HAPTIC INTERFACES 
The skin is a very complex, resilient and refined organ. It offers 
extreme sensitivity and tremendous capabilities as a medium 
between the external world (objects and environment) and us. The 
sense of touch is relatively well understood and documented 
medically, but designing directly for it (or around it) is very 
uncommon. Braille and other assistive devices for visually 
impaired persons have been developed for some time now, but 
they usually address very specific needs and situations.  

Haptic interfaces are most commonly found today in game 
controllers (force feedback), training simulators and mobile 
devices (vibrotactile). These systems tend to be either very 
complex and expensive (medical and flight simulators), or 
extremely trivial (simple vibration). Can designers dive into the 
subject of haptic and fully explore its capabilities and limits 
throughout the design process? Is there room for rich, humane and 
natural-like sensorial experiences using the touch sense? 

The sketching or prototyping of haptic interfaces brings 
interesting challenges for designers: 

-How do you create touch stimuli with simple and cheap 
hardware? 

-How do you communicate and document the perception of touch 
without building the whole system/apparatus? What kind of 
language or lexicon you need to use? 

-How do you account for personal differences/vartiations in the 
human haptic perception, and considering that haptic is a dynamic 
process? 

-What is sufficiently good or acceptable for haptic feedback?  

-What is ‘low-fi’ for haptic interfaces? 

These points demonstrate the great difficulties that one has to 
address in order to prototype haptic and generally other non-
traditional interfaces. 
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SKETCHING IN HARDWARE
VS

EXPERIENCE PROTOTYPING

SKETCHES
VS

PROTOTYPES



SKETCHING IN HARDWARE
OR PROTOTYPING?



Buxton, 2007





Prototypes are filters that traverse a design space 
and are manifestations of design ideas that 
concretize and externalize conceptual ideas.

The Anatomy of Prototypes

A “good” prototype is very dependent on what you are trying to explore, 
evaluate, or understand. 

Lim, Y.-K., Stolterman, E., and Tenenberg, J. 2008



Economic principle of prototyping

The best prototype is one that, in the 
simplest and the most efficient way, 
makes the possibilities and 
limitations of a design idea visible 
and measurable.

Fundamental prototyping principle

Prototyping is an activity with the 
purpose of creating a manifestation 
that, in its simplest form, filters the 
qualities in which designers are 
interested, without distorting the 
understanding of the whole.

The Anatomy of Prototypes
Lim, Y.-K., Stolterman, E., and Tenenberg, J. 2008

The Principles of Prototyping
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Sketching in Hardware and Building Interaction Design: tools, toolkits and 
an attitude for Interaction Designers 
 

Camille Moussette, Umeå Institute of Design, Umeå University, Sweden, 
camille.moussette@dh.umu.se 

Fabricio Dore, IDEO, Munich, Germany, fdore@ideo.com 

Abstract 
In this paper, we present a Sketching in Hardware perspective to Interaction Design (IxD) 
education and practice. We start our discussion by highlighting the differences between 
Prototypes and Sketches, and explaining why we believe the term Sketching in Hardware is 
suitable and appropriate to the IxD practice. We introduce a short history of the term and its 
origins before relating it to Experience Prototyping activities and other related design 
processes/methodologies.  

Our main discourse consists of observations and a critical analysis of academic activities and 
professional work suggesting that Sketching in Hardware remains quite challenging despite the 
recent progress in the development of new tools and toolkits. The low barrier to entry and the 
explosion of tools and toolkits are very welcome, but this democratization can also be 
misleading. The learning curve is still steep in many ways. The current sketching tools seem to 
have leapfrogged our design skills and our ability to deal with that avalanche of technical 
capabilities.  Designers regularly loose a critical perspective on their sketching and prototyping 
activities. We noted that students and designers alike spend a lot of time mastering intricate 
tools and debugging technical issues when they should be developing, evolving and fine-tuning 
interesting experiences or sketches informing their design process.  

We close our discussion with a review of various toolkits and building blocks currently available 
to interaction designers for designing new technology and future concepts. We ultimately 
suggest five guiding principles to be taken into account in the design of new toolkits or 
upgrading of existing ones. These same principles and qualities not only can, but should also 
radiate in the experiential qualities, well beyond the built material artifacts. Sketching in 
Hardware is not just playing with electronics; it has serious implications and repercussions in the 
way we design stuff.  

Keywords 

Interaction Design, Prototypes, Prototyping, Sketches, Sketching in Hardware, Toolkits, 
Experience, Design Tools.  

 

Prototyping is a core aspect of design activities. As a loose definition, prototypes are 
manifestations of a design made before the final artefacts exist. Many authors have written 
about the various forms and variations of prototyping activities (Buchenau & Suri, 2000; Buxton, 
2007; Houde & Hill, 1997; Lim, Stolterman & Tenenberg, 2008; Shön, 1982). They often diverge 
in the specifics but globally, they describe the same design activities used to filter a design-
space and build corresponding representations. In the field of Interaction Design (IxD), such 
design activities are often encompassed in terms like Experience Prototyping, Hardware 
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FIVE HIGH LEVEL 
CHARACTERISTICS OR QUALITIES
FOR SKETCHING IN HARDWARE TOOLS AND ACTIVITIES

1. OPENNESS AND LEVEL OF VISIBILITY/ACCESSIBILITY

3. ADDED VALUE WHEN TIME IS LIMITED

2. HACKABILITY

5. HUMAN FRIENDLY

4. VERSATILITY OR 5 WAYS OF DOING THE SAME THING



1. OPENNESS AND LEVEL OF 
VISIBILITY/ACCESSIBILITY
SOURCEBINDER.ORG



2. HACKABILITY
HARDWARE APPROPRIATION



2. HACKABILITY
REPURPOSING OFF-THE-SHELF TECH



3. ADDED VALUE WHEN TIME IS LIMITED
ALLOW THE DESIGNERS TO EXPERIMENT DIFFERENT VERSIONS OF THE ‘EXPERIENCE’



3. ADDED VALUE WHEN TIME IS LIMITED
BUILD SOMETHING CONVINCING TO BE PRESENTED TO PEOPLE





analog/continuous

binary

I2C

3. ADDED VALUE WHEN TIME IS LIMITED
ALLOW FOR IMPROVEMENTS AND MODIFICATIONS AT A LATER POINT IN TIME
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Haptic interface

Haptic interface presents synthetic 
stimulation to proprioception and skin 
sensation.



Haptic perception

Combination of somatosensory perception on the 
skin and proprioception, no limited to one organ

First sense to develop in humans and may be the 
last to fade.

20x faster than vision, we can notice two stimuli 
just 5 ms apart.

Can sense displacements on our palm as low as 
0.2 microns in length.



Haptic perception

Haptic interaction is very often multimodal

No clear boundary between sound and vibration, natural overlap

Visual or audio cues can augment haptic perception

Active vs passive touch
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USING HAPTIC FEEDBACK FOR NAVIGATION.
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How do you describe and design haptic I/O?

Measurement unit for haptic? Audio => dB

Does it work across devices, humans, contexts, brands?

Lexicon & vocabulary?

Hardware based or perception based?

Notation system for I/O? Music, sequencer, etc.



grow, explode, shrink, scale, rotate, 
pulse, flick, rest, disappear, clutch, 
release, hold, capture, pin, prompt, 
confirm, repeat, stable, glide, slide, 
stop, hit, kick, cancel, ease in/out, ramp, 
augment, increase, decrease, agitate, 
shake, twist, transform, bounce, cycle, 
follow, guide, grab, screw, implode, 
circulate, constrain, channel, force, lead, 
invite, smooth, hard, harsh, solid, soft, 
compliant, bounce, spring, break, stop, 
collide, permute, accelerate, react
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ABSTRACT 
This article explores and discusses some challenges of prototyping 
haptic (touch) interfaces early on in the design process. Using 
examples of prototyping activities for haptic interfaces that have 
strong ‘sketching qualities’, this paper elaborates on different 
prototyping levels and the consequences on fidelity, construction 
requirements and technical skills. It concludes by proposing 
various guidelines or insights relevant to the design of haptic 
interfaces by designers. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: User Interfaces - Haptic I/O, 
Prototyping, Interaction techniques.  

General Terms 
Documentation, Design, Reliability, Experimentation, Human 
Factors. 
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1. INTRODUCTION 
The benefits of prototyping activities are generally well accepted 
in the Design community [2][3]. Prototypes can be used to test 
and evaluate possible solutions (usability and requirement-
oriented approaches), but they can also be seen as tools to 
stimulate reflections, objects to frame, refine, and discover 
possibilities [6].  

Over the last decades designers have developed their skills, tools 
and methods to build prototypes. Numerous tools and systems are 
currently available to aid, support and ease the prototyping of 
graphical user interfaces or ‘GUIs’ (paper prototyping, screen 
mock-up, Flash simulator, etc).  

Outside the realm of the visual and auditory domains, there is 
limited knowledge and literature how to go about prototyping for 
the other senses (touch, smell and taste). Recent advances in tools 

and applications [4][8] have made it more accessible to build 
tangible and interactive systems that interact with the physical 
world. Can these tools help prototype and sketch non-traditional 
interfaces quickly and efficiently? 

 

2. SKETCHING HAPTIC INTERFACES 
The skin is a very complex, resilient and refined organ. It offers 
extreme sensitivity and tremendous capabilities as a medium 
between the external world (objects and environment) and us. The 
sense of touch is relatively well understood and documented 
medically, but designing directly for it (or around it) is very 
uncommon. Braille and other assistive devices for visually 
impaired persons have been developed for some time now, but 
they usually address very specific needs and situations.  

Haptic interfaces are most commonly found today in game 
controllers (force feedback), training simulators and mobile 
devices (vibrotactile). These systems tend to be either very 
complex and expensive (medical and flight simulators), or 
extremely trivial (simple vibration). Can designers dive into the 
subject of haptic and fully explore its capabilities and limits 
throughout the design process? Is there room for rich, humane and 
natural-like sensorial experiences using the touch sense? 

The sketching or prototyping of haptic interfaces brings 
interesting challenges for designers: 

-How do you create touch stimuli with simple and cheap 
hardware? 

-How do you communicate and document the perception of touch 
without building the whole system/apparatus? What kind of 
language or lexicon you need to use? 

-How do you account for personal differences/vartiations in the 
human haptic perception, and considering that haptic is a dynamic 
process? 

-What is sufficiently good or acceptable for haptic feedback?  

-What is ‘low-fi’ for haptic interfaces? 

These points demonstrate the great difficulties that one has to 
address in order to prototype haptic and generally other non-
traditional interfaces. 
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Abstract: This paper presents our initial findings about the problems and challenges of designing 

haptic interfaces. We support our discussion with observations and analysis of design activities 

realized in by our research group and design students. We conclude with initial ideas about how to 

structure, document and evaluate haptic qualities in the design process. Our hope is to expose the 

many questions and issues in this nascent design activity to eventually expand our haptic design 

toolbox and library, and bring consistency and rigor within the field. 

 

Key words: Haptics, Multimodal, Touch sense, Prototyping, Design Tools, Sketching in 
Hardware. 

 

 

 
1. Introduction 
Over the years, design researchers and practitioners have refined our understanding and mastery of building 

systems that human can interact with relative ease and success. Most of the systems and devices surrounding us 

can now sense, monitor and track our commands, actions and movements via diverse input mechanisms or 

interfaces spanning many if not all of our senses. Unfortunately, the output repertoire of these systems is 

generally limited to the visual (indicators, pixels, etc) and auditory channels. Very few systems actively engage 

with users over our other senses. 

 

While designing nontraditional interfaces is increasingly popular [10], it is still a very young and uncommon 

field. Design tools, methods and vocabulary around and supporting the topic are scarce and many of the work 

can be seen as ‘one-off’ or tend to be very experimental [3].  

 

Our research aims at exploring how researchers and designers can work in this new field, where the tools and 

techniques seem limited, and to some extend unstructured. Our work mostly focuses on designing haptic systems 

(for the sense of touch), where interfaces use the sensation of touch to provide information to the user [18].  

 

Designing for touch poses many challenges. We have limited abstract representations and no clear lexicon to 

describe and quantify the perception of touch. Should a haptic stimulation be described by its mechanical 

characteristics (analogous to the decibel for sound) or by its perceptual qualities registered by the user? Building 

PUBLICATIONS
IASDR, WORKSHOPS AND SEMINARS 



Perception of touch: a collection of small and converging cues

Often technical problems/issues (i.e stiffness, latency) completely kill the 
interaction

Synthesizing movement and haptic feedback is not trivial, can be highly 
technical

Formal evaluation and comparison is impossible

Have to build stuff to inform/grasp/evaluate/discuss

Problems verbalizing and communicating sensations

CHALLENGES AND DIFFICULTIES



QUALITIES AND AESTHETICS OF 
HAPTIC INTERFACES

Naturalistic interactions are a good fit, but not an absolute rule

Tight sensory coupling seems appreciated

Difficult balance between aesthetic and functional qualities

Timing, quality/precision, consistency, robustness, others [MacLean]

Haptic interfaces generally don’t fit well in our tactile eco-system
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DESIGN CONSTRAINTS FOR MY MSRC INTERNSHIP

Build 4-5 demos in 12 weeks

Handheld, ungrounded, fixed shell & size, one material (MDF)

Linked with UI, if appropriate

Simple components and parts (no high-end solutions)

Stimulation first, more abstract than feasible

Self-service (no experimenter intervention)
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FINDINGS AND INSIGHTS

Assembly technique matters (glued vs screwed)

Noise is almost inevitable and always felt

Exploit material properties

Absolute vs relative change (specially for CoM)

A good medium for shared understanding

Technical but valuable

Build modular (parts, connectors, controls)
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“... is an enduring, basic human impulse, the desire to do a job well.”

Richard Sennett, The Craftsman
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FACULTY TO CREATE ARTIFICIAL OBJECTS, IN PARTICULAR TOOLS TO MAKE TOOLS, AND TO 
INDEFINITELY VARIATE ITS MAKINGS.
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IN IXD, NOT INVENTING NEW HAPTIC TECHNLOLY 



TRAJECTORIES
DOCUMENTING MY ACTIVITIES AND INTELLECTUAL WHEREABOUTS



NEXT 2 YEARS
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FRAME AND WRITE THESIS



THESIS OUTLINE

SIMPLE HAPTICS

PROTOTYPING AND SKETCHING IN HARDWARE

DESIGNING HAPTIC INTERFACES, TOOLS AND CHALLENGES

EVOLVING AN UNDERSTANDING AND VOCABULARY FOR HAPTIC

HOMO FABER & REFLECTION THROUGH MAKING

CRAFTSMANSHIP IN/FOR IXD

PROTOTYPES, SKETCHES, MATERIALIZATION OF DESIGN HYPOTHESES

TOOLKIT FOR HAPTIC IXD DESIGN

THEORETICAL GROUNDS AND PERSPECTIVES

HEIGHTENED SENSITIVITY FOR HAPTIC DESIGN
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OPEN QUESTIONS

PHD INDUSTRIAL DESIGN?

RELEVANCE AND RIGOR IN MY WORK

MOVING FORWARD >> PACKAGE THESIS

INTELLECTUAL MOTIVATION AND PERSPECTIVE

CONTRIBUTION, TO WHOM, WHERE, WHAT ???



SEE YOU IN 2 YEARS!
Camille Moussette


