
 

 

 

Proceedings of the workshop: 

Guidelines for Haptic Lo-Fi 
prototyping 

 

19th of October 2008, NordiCHI 2008, Lund, Sweden 

 

Editors: Charlotte Magnusson, Stephen Brewster 

 

 

 

 

 

 

 

 

 

 

 

 

The workshop was organized with the financial assistance of the European 
Commission which co-fund the IP HaptiMap (FP7-ICT-224675). The organizers are 
grateful to the EU for the support given for carrying out these activities.   



Table of contents 
 
 Page

List of participants ….…………………..1

How to get early user feedback for haptic applications? ………….…………..2 

Haptic prototyping in the Multimodal Interaction Group at 
Glasgow 

.……………………..4 

Methods for Prototyping Vibrotactile Interfaces .……………………..7 

HAPI: haptic interaction for mobile devices ……………………..9

Tangible Models in Prototyping and Testing of Haptic 
Interfaces with Visually Impaired Children ...…………………..11 

Workshop: Guidelines for Haptic Lo-Fi prototyping ...…………………..13 

Prototyping of Haptic Interactions …...………………..15

Exploring interactive hardware prototyping ...…………………..17

Prototyping a Multi-Touch Interface -Dynamic Positioning 
System 

 
…………………….19 

Design of a tactile jacket with 64 actuators …………………….21 

The use of a lo-fi 3D prototype: modeling touch-based 
interaction in co-design 

 
…………………….23 

Designing a collaborative learning tool for collaboration 
between visually impaired and sighted pupils 

 
…………………….25 

Workshop documentation …………………….27 
 
 



List of participants 
 

Charlotte Magnusson, charlotte.magnusson@certec.lth.se, Lund University 
 
Stephen Brewster, stephen@dcs.gla.ac.uk , University of Glasgow 
 
Kirsten Rassmus-Gröhn, kirre@certec.lth.se, Lund University 
 
Erika Tanhua-Piiroinen, erika.tanhua-piiroinen@cs.uta.fi, University of Tampere 
 
Ebba Þóra Hvannberg, ebba@hi.is, University of Iceland 
 
Jack van den Eerenbeemd, jack.van.den.eerenbeemd@philips.com, Philips Research 
 
Paul Lemmens, paul.lemmens@philips.com, Philips Research 
 
Frøy Birte Bjørneseth, froy.bjorneseth@cis.strath.ac.uk, University of Strathclyde, Rolls Royce Marine AS 
 
Sabrina Panëels, sap28@kent.ac.uk, University of Kent
 
Jonas Moll, jomol@kth.se, KTH
 
Dries De Roeck, dries.deroeck@soc.kuleuven.be, K.U. Leuven 
 
Karin Slegers, karin.slegers@soc.kuleuven.be, K.U. Leuven 
 
Camille Moussette, camille.moussette@dh.umu.se, Umeå University 
 
Roope Raisamo, rr@cs.uta.fi, University of Tampere 
 
Jukka Raisamo, jr@cs.uta.fi, University of Tampere 
 
Tim Brooke, tim.brooke@nokia.com, Nokia Design 
 

  

1



How to get early user feedback for haptic applications?  
 

Charlotte Magnusson, Kirsten Rassmus-Gröhn, 
Department of Design Sciences, Lund University 

PO Box 118 221 00 
Lund, Sweden 

charlotte.magnusson@certec.lth.se, kirre@certec.lth.se

   
 

ABSTRACT 
In this paper, we describe different components we have found to 
be important to obtain user feedback in the early stages of the 
design process for haptic applications. We suggest that working 
prototypes, lo-fi models and scenarios are components that are 
needed to help the users express their ideas. 

Keywords 
Haptics, lo-fi, prototypes, design, user involvement, scenario. 

1. How to get early user input? 
It is often difficult for end users to contribute ideas to applications 
unless they literally get a firsthand experience of a system or tool. 
This is especially relevant when the technology is novel and a real 
niche for practical use has not yet been formed or when the 
technology is to be used in a new context. 
Therefore, in several of our projects we have used functioning 
prototypes that at least have a limited set of functions working 
when the users are first acquainted with a prototype. Technology-
as-language, i.e. using artifacts ascultural probes [1], is also 
described in a rehabilitation engineering context by Björn 
Breidegard [2]. It is especially important when designing for 
people with cognitive impairment and children. 
For people who cannot rely on paper prototypes or mock-ups, 
such as people who are blind or have low vision, the prototypes 
also need to be running with at least a limited set of functions to 
work as a base for discussion. This contradicts the open-ended 
mindset that is said to be needed to form a ground for innovative 
design, which implies that a lo-fi prototype method (such as using 
a paper prototype) is preferred to make it easier to rule out ideas 
or technological solutions [3].  

 
Fig 1. A lego model used in the design of a haptic 1st person 
gaming environment 

It is however possible to combine the use of working prototypes 
with more lo-fi type models. The point of using existing 
applications or prototypes is to give the user practical experience 
of what the technology is actually able to do. This understanding 
then forms the basis for the more lo-fi type models. In a student 
project aimed at designing a haptic gaming environment [4] a lego 
model (fig 1) was successfully used to explore how to use the 
keyboard or the PHANToM for: 

• Movement 

• Change of direction 

• Object interaction 
In this case the results were that the keyboard was suggested for 
avatar movements, while the cane (or PHANToM) may be better 
suited to object exploration and interaction. 
Still, the use of working prototypes puts extra demands on the 
developer/designer. The developer/designer needs to adopt an 
attitude that encourages the participating research persons to 
express any ideas or criticism, and refrain from being protective 
of the designed technology or even idea. It could be fruitful to 
adopt a mind-set that the early prototypes are more like sketches. 
A further problem one needs to deal with is the need for good 
scenarios to give the users the right context for the application to 
be developed. Also after firsthand experience of the system or 
tool, some users will be unable to contribute ideas unless they are 
faced with use scenarios that are sufficiently close to their own 
experiences to trigger their imagination. This was seen to happen 
to the teachers involved in the process of evaluating the AHEAD 
application [5]. They were invited to try the system but were 
unable to see the possible use for them in their respective 
contexts, until they were presented with the examples that were 
designed for them by making educated guesses of possible 
scenarios. The same has been observed and reported in Design 
side by side [6] and Just give us the tools [7].  
This is a kind of “chicken-or-egg” dilemma in the design of new 
technology and its introduction into new areas. The teachers 
mentioned above were not really able to come up with novel ideas 
that were far from the scenarios that we had built. 

2. Suggested method 
Starting from the above we observe that one needs to make use of 
working technology examples, particularly when the users in 
question have little or no experience of the technology to be used. 
This may be hard to achieve for immature technology, but 
prototypes or at least devices working in a similar way can be 
used as alternatives.  

2



To complement this one also needs materials to explore future 
designs. In the early stages these needs to be easy to manipulate 
so that the design space can be widely explored.  

Finally, some scenario is often needed to help users (and 
designers) getting a concrete context for the work.   

3. Conclusion 
To sum this up we suggest the following important components 
are needed to get fruitful user feedback in the early stages of the 
design process: 

• Working examples of the technology to be used. In the 
cases the users are already familiar with the technology 
in question this may not be necessary. 

• Simple prototypes that can be quickly generated and 
manipulated/changed to explore novel ideas. 

• Good scenarios to provide the appropriate context for 
the discussions 
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Introduction 

At Glasgow we work on a range of haptic devices including Sensable PHANTOM force-

feedback devices, Logitech Wingman force-feedback mice (Figure 1), and also tactile 

displays including tactile arrays and single point tactile actuators such as the EAI C2 Tactor 

(Figure 2). The prototyping techniques we use depend on the kind of haptic hardware used 

for a particular project. 

 

 
 

Figure 1: The Sensable Technologies PHANTOM and the Logitech Wingman force-

feedback mouse. 

 

 

Software prototyping of user interfaces using force-feedback devices is difficult. For these 

much code has to be written before anything dynamic can be prototyped. This does not allow 

the rapid, lo-fi approach to be used and it is hard to do good user-centred design. There can 

be nothing to show to users until some considerable amount of code has been written. This 

often also causes problems for students who are not good programmers as they do not get 

passed the programming stage and on to the novel interface design. 

 

To solve the problem we developed a simple haptic prototyping tool (ProtoHaptic [2]) that 

allowed the construction of simple haptic scenes using drag and drop techniques. This meant 

that non-programmers could create basic haptic interfaces very quickly. 

 

Prototyping user interfaces using tactile displays is much simpler. Devices like the C2 or the 

Tactaid (Figure 2) are driven via audio signals stored as sound samples, commonly as .wav 

files. We create these cues with sound editors or sequencers. This means they can be created 

and edited very quickly, making the prototyping of tactile cues very simple.  
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We have been working on the design of Tactons, tactile icons, which are structured, abstract 

messages that can be used to communicate non-visually [1]. We have investigated the 

different parameters of cutaneous perception that can be used to encode information. To do 

this involved much prototyping of different tactile cues using our audio editing tools and the 

techniques worked well. 

 

 
 

Figure 2: The EAI C2 Tactor and the Audiological Engineering VBW32 Tactaid. 

 

Problems with tactile prototyping come from the limited nature of tactile actuators that 

cannot deliver realistic feeling tactile stimuli. This makes it difficult to simulate real world 

surfaces and textures, for example. Using our auditory approach to creating the tactile stimuli 

causes a problem as most audio hardware on devices such as PDAs and phones can only 

drive two actuators and often needs amplification to make the vibrations strong enough. This 

means we have to develop special hardware or use external amplifiers which make mobile 

experiments more difficult to run. 

 

In addition, using actuators at different body sites is difficult due to wiring. Body location is a 

key parameter for Tactons as different locations are easy to identify. However, placing 

actuators is difficult as wires have to run to amplifiers or mobile devices. Better wireless, 

battery powered actuators would be very useful, but their design is challenging. 

 

Table 1 compares the advantages and disadvantages of force-feedback and tactile devices in 

terms of prototyping. 

 
Type Advantages Disadvantages 

 

 

Force-feedback 

Hardware is self contained. It 

might not be perfect but it is 

complete 

Need to write lots of code – 

makes user-centred design 

difficult 

 

Difficult for students or non-

computer scientists work with 

 

Is not really lo-fi prototyping 

 

 

 

Tactile 

Driving actuators with audio 

signals is easy 

 

Rapid prototyping using audio 

editing tools easy for students 

and designers – no code needed 

 

Can make rapid changes to 

Actuator hardware is quite poor. 

Often worse at tactile feedback 

than force-feedback devices are 

for kinaesthesis – hard to make 

realistic feeling cues. 

 

Hardware problems in terms of 

amplification of actuators and 
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tactile cues 

 

Good for rapid prototyping 

 

driving more than 2 at a time. 

 

Placing the actuators at different 

body locations is difficult due to 

wires. 

 

 

Table 1: Comparing force-feedback and tactile prototyping at Glasgow. 
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ABSTRACT
A prototype is a model of something to be further developed; the
higher  the  quality  the  better  it  simulates  the  desired  outcome.
This  paper  introduces  some  viewpoints  to  prototyping
vibrotactile  interfaces.  It  glances  into  different  prototyping
methods  and  introduces  some  hardware  and  software  tools  that
help  to  create  vibrotactile  interface prototypes using both haptic
input and output.

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Information Interfaces and Presentation
(e.g., HCI) –Haptic I/O, Prototyping.

General Terms
Design, Human Factors

Keywords
Haptic prototyping, vibrotactile interfaces, sensors, actuators.

1. INTRODUCTION
Generally,  prototyping  allows  designers  to  identify  major
problems  before  a  lot  of  time  and money  is spent  on designing
and  implementing  an  artifact.  For  the  humantechnology
interaction,  prototype  is  often  the  objective  that  can  be used  to
communicate the details of the user interface to the users or work
as a foundation for user experiments (e.g., [4]). We also use pilot
studies  to  validate  the  ability  of  experiment  to  measure  the
wanted  characteristics  and  to polish up the  instructions given to
the participants.

2. PROTOTYPING
This  paper  is  about  prototyping  vibrotactile  interfaces  and  is
organized  as  follows.  First,  we  scratch  the  surface  of  different
prototyping  methods.  Second,  a  couple  of  hardware  prototyping
methods  are  presented  together  with  few  examples.  Third,  we
introduce some applications and programming environments that
make  the  integration  of  both  haptic  input and  output  modalities
less complex process.

2.1 Prototyping Methods
The  next  categories  are  partially  adapted  from  Wikipedia
(http://en.wikipedia.org/wiki/Prototype)  dividing  the  prototyping
methods  based  on  either  their  technical  robustness  or  polished
appearance.

A  proofofprinciple  prototyping  is  used  to  quickly  try  out  or
validate  some  suitable hardware or software  technologies and  is
an  initial  step  before  starting  to  implement  the  real  prototype.
Often  this  includes  very  general  comparison  of  few  possible
alternatives to find out the one(s) to explore in greater detail.

A form study prototyping is used to try several different physical
styles and sizes (i.e., form factors or mockups) or virtual outlooks
without  any  real  functionality  of  the  final  artifact.  Several
iterations are usually carried out before settling on the final form.

A functional prototype (i.e., a working prototype) is an integrated
artifact  much  closer  to  the  final  design.  From  the  human
technology  interaction  point  of  view  these  are  often  the  end
products  that  will  be  used  in  the  user  studies.  Functional
prototypes  are  regularly  iterated  in  order  to  reach  the  required
functionality and stability.

In practice, we often appear to integrate the preceding categories
during  the  prototyping  process,  especially  when  creating
prototypes in a hurry. This is when we tend  to  rely on what can
be  called  as rapid  prototyping  –  a  term  used  both  for  a
manufacturing  process  and  for  a  software  implementation
method.  While  the  rapid  prototyping  quickly  provides  a
demonstration of what  the designed artifact is like,  rushing  into
developing a prototype may exclude other design ideas that could
be of benefit to the final outcome.

2.2 Hardware prototyping
Those  with  a  large budget and  enough design skills  can  benefit
from,  for  example,  shape  deposition  manufacturing  (SDM)  that
is  a  highend  method  that  enables  designer  to  rather  easily
transform  3D  CAD  models  into  physical  objects.  Figure  1(a)
presents  a  typical  3D  sketch  that  could  be  easily  created using
the  method.  For  more  about  the  SDM  process,  please  refer  to,
e.g., http://www.cs.cmu.edu/~sdm/.

(a)   (b)
Figure 1. A 3D CAD model (a) and a prototype device with

skin stimulator (b).

7

mailto:jukka.raisamo@cs.uta.fi
http://en.wikipedia.org/wiki/Prototype
http://www.cs.cmu.edu/~sdm/.


The  ones  without  access  to  sufficient  machinery  have  to  take  a
look  at  some less sophisticated  method. A quite common one  is
to  dig  around  every  closet  and  drawer  and  hope  to  bump  into
something  useful.  After  found,  the  object  often  dictates  the
geometry or the functionality of the prototype leaving just a little
if  none  room  for  iterative  design.  In  addition,  it  is  not  always
very  simple  to  find  another  similar  object  if  necessary  to
duplicate  the  prototype.  Figure  1(b)  shows  a  haptic  fingertip
stimulator making use of a small electric motor with a leadscrew
disassembled from an old CD drive [3].

Another  lowcost  method  is  to  adapt  techniques  familiar  from
other  contexts  to create  the prototype form. Sometimes  it  is  just
as  legitimate  to buy,  say, a bag  of modeling clay (e.g.,  [2]) or a
piece  of  balsa  wood  from  a  local  hobby  shop  and  create  the
prototype  form  from a  scratch  with  adequate  manual  skills  and
some  basic  tools.  Figure  2  presents  two  prototype  forms  made
from  balsa,  a very  soft wood  that  is  easy  to work. Although  the
outcome  is  often  not  close  to  the  one  made  with  highend
prototyping machinery and the repeatability of the outcome is far
from the factory tolerance as well, it still shares some benefits of
its highend cousin: it is rather easy to create, and its design can
be refined if required.

Figure 2. Two prototype forms made from balsa wood.

2.3 Software prototyping
In  order  to  turn a prototype form into a really  interacting haptic
display one must use software to control the hardware. Although
the role of the hardware should not be underestimated it is often
the  interaction  that  makes  the  difference.  Selecting  appropriate
tools  is  essential  as  sometimes  the  designed  features  may  be
limited by the limitations of the implementation environment.
For  programming  one  can  hang  onto  the  common  programming
languages, such as C/C++ and Java, that are convenient for those
who really knows how to program. However, Visual Basic is also
a  very  interesting  option  for  fast  prototype  development
especially  if  one  has  to  implement  GUIs.  There  are  also  some
quite  expensive  commercial  scripting  environments  available
like  Matlab  (http://www.mathworks.com/)  and  LabVIEW
(http://www.ni.com/) that provide libraries full of tools for signal
generation, processing, and test design.

There also are some freeware alternatives available especially if
one  is  working  with  voicecoil  type  actuators.  Audacity
(http://audacity.sourceforge.net/)  can  be  used  to  create  simple
static audio files. Another alternative well worth trying is called

Pure  Data  (http://puredata.info/)  that  is  very  versatile  dynamic
graphical  programming  environment  for  audio,  video,  and
graphical processing.

3. FROM INPUT TO OUTPUT
Currently,  the  user  interfaces  are  getting  farther  from  the
traditional WIMP metaphor and towards using different kinds of
sensors  as  input  devices.  For  instance,  the  Nintendo’s  Wii
Remote  device  as  well  as  Nokia’s  new  S60  mobile  phones
contains  an  embedded  3D  acceleration  sensor  that  can  be
accessed  using  a  special  API.  Those  wanting  to  use  different
kinds  of  sensors  in  their  own  prototypes  can  benefit  from  the
variety of data acquisition hardware available.

The software tools introduced in Section 2.3 can be used to map
the  sensor  input  into  output  driven  to  the  vibrotactile  actuators
that  transform  the  signal  into  stimulation.  A  review  to  tactile
actuators  is  given,  for  example,  in  [1].  Many  actuator
technologies,  such  as  piezoelectric  and  pneumatic  actuators,
require highly specialized controlling systems while the vibration
motors  with  rotating  offcenter  mass  are  simple  but  leave  just
little  room  for controlling  the  output  properties. Voicecoil  type
actuators  are  convenient  in  the  sense  that  they  can  be  easily
driven  with  an  audio  amplifier  sometimes  provided  by  the
mother device itself.
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ABSTRACT 

The HAPI project aims at exploring and developing new 
sensorial interaction techniques for mobile devices based on 
the touch sense. This research-oriented project focuses 
primarily on hardware sketching to evolve new ideas and 
possibilities. The goals are to explore how haptic interfaces 
and techniques could enhance mobile interaction to fully 
exploit and embrace users’ capabilities for richer, more 
intuitive and enjoyable experiences.  

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

INTRODUCTION 
The HAPI project was realized over 20 weeks has a degree 
project in the Interaction Design Masters program. The 
project set out to initially to explore the convergence of the 
touch sense, mobile devices and interaction techniques 
beyond button and screens. It was rapidly revised to a more 
manageable scope due to time and technical constraints. 
The project was ultimately defined as sketching interaction 
of hand-size haptic interfaces for mobile devices. 

The first part of the project mostly consisted of research and 
literature review on haptics and mobility. Design activities 
started very early on with rough prototypes and preliminary 
explorations in building interfaces. 

As the project evolved, the project divided the input and 
output systems to ease development. This design decision 
made building working (or semi-working) prototypes much 
easier and manageable. The input mode consisted of 
exploring how users control the device, while the output 
mode focuses of building devices or systems to generate 
stimuli to the user. Multiple iterations were realized in both 
forms, both in low and hi fidelity. The results were clearly 
beneficial to the understanding of haptic interfaces and 
sensorial design activities.  

INPUT STUDIES 
The explorations of the input mode were inspired by 
symbolic gestures that mimic real world situations or 
mechanical systems. The idea behind is: if the visual cues 
presented on the device would have some sort of 
physicality (weight, friction, inertia) how would you move 
them or navigate them without pushing buttons?  

I started my exploration with different tubes containing 
various items and weights. I looked how one uses his senses 
to deduct the invisible position of the weight in a tube. One 
of the main issues I faced is gravity: how to come up with a 
system that doesn’t depend on its orientation in space. Can 
you for example control or sense the sliding no matter if the 
device is perpendicular or parallel to the ground? 

After various rough models and qualitative inquiries, I 
decided to use electronic sensors, accelerometers and 
gyroscopes more precisely to capture and regulate gestures 
and input commands.  

The final iteration of input system consists of a fully 
working wireless gesture-based phone interface mock-up. 
The handheld unit can be nodded forward and backward to 
navigate a contact list on the screen. The sensor system is 
sensible to various level of acceleration: 

-regular nod : move one unit up or down 

-medium nod: move five units up or down 

In addition to the small nod gesture, large yank movement 
(upward or downward) will bring the cursor to first or last 
contact in the list. Flipping and positioning the phone 
horizontally screen down will activate the silent profile. 
Shaking the phone will reactivate the regular profile (sound 
on). 

These gesture and movements were chosen for their 
simplicity and possible association will real-life 
manipulation of mechanical devices. They were tested 
quickly with only three users. Further testing would be 
totally advisable to make sure these assumptions are right 
and valid across various user groups. 

OUTPUT STUDIES 
As mentioned in the literature and found in observations, 
the contact area between a mobile device and the user is 
usually very limited. Only a fraction of the device’s surface 
is in direct contact with the user’s skin. Users’ hand tend to 
wrap the device on at least one side and/or the back surface. 

I spent a lot of time during this project building, playing 
and experimenting with systems that generate haptic 
feedback. My first prototypes were not working at all. With 
perseverance and by going back to basic, I was finally able 
to come up with some solutions that communicate or 
validate my thoughts in a satisfactory way. 
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Most of explorations I built were using vibration or poking 
action to stimulate the users. The solenoids use for poking 
the hand at various locations require strong current to 
achieve sufficient mechanical forces. They size also poses a 
challenge for building hand-size interfaces. The vibrotactile 
pads proved to be much easier to incorporate in models and 
interfaces. They can be battery powered but their range of 
action is more limited than plain actuators.  

The final output system realized consisted of a grip 
containing an array of five small vibrotactile motors on its 
sides. The small vibration motors are controlled by a 
sequencer application running on a laptop. Various patterns 
and sequencer can be created and played back in the grip. 
For example, a progression can be sensed, going from the 
top to the bottom of the grip. A unique trigger/vibration can 
be used to indicate relative position (top, middle, bottom). 
The source of the stimulation can be identified on the palm 
of the hand.  

This module was intended more as a proof of concept that 
an testing platform. Finer stimulation, complex sequences 
and larger arrays of stimulating nodes (covering the 
perimeter of the back of the device) could be easily refined 
and developed. 

CONCLUSION 
Sketching interaction of hand-size haptic interfaces for 
mobile devices proved to be a demanding but very rich 
endeavor in the field of Interaction Design. Developing 
haptic interfaces quickly imposes new challenges as 
discussions and design decisions can easily ungrounded. 
Using hardware sketching and experience prototyping 
methods proved beneficial as the haptic qualities and 
capabilities can be readily appreciated. Building interaction 
design is not trivial and requires time, skills and 
perseverance, but the outcomes are essential if not the only 
source to inform design decisions in a project involving the 
touch sense.  
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Figure 1. Output Prototype, poking actuators 

Figure 2. Output Prototype, penta vibrating grip 
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ABSTRACT 
In our previous studies, tangible models have been proven to 
support prototyping and testing of haptic interfaces for visually 
impaired children. They can be used to pilot-test haptic interfaces 
and to support the learning phase of using a new multimodal 
system. We propose a wider use of tangible models in all phases 
of user-centered design and testing process. 

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: – Haptic I/O, Prototyping, User-
centered design   

General Terms 
Design, Human Factors  

Keywords 
Tangible models, testing methods, visually impaired children 

1. INTRODUCTION 
Multimodal interfaces which make use of haptic, auditory and 
visual feedback have proven useful for visually impaired children 
in both gaming and learning environments [1, 3, 5, 6, 7]. Some of 
the traditional resources for teaching visually impaired and blind 
people are relief pictures and maps, which the pupils explore with 
both of their hands. When applications are to be designed for 
visually impaired people, it is natural to utilize same kind of 
artifacts in the design process.  

Different tangible models made of carton or plastics have been 
utilized in testing the final applications [4, 6, 8] but they can also 
be used during the design process.  

2. TANGIBLE MODELS IN USABILITY 
TESTING 
With the SensAble PHANTOM devices, which many of the 
recent computer applications for visually impaired children are 
based on [3, 4, 5, 6, 7, 8], the interaction is conducted by a stylus 
instead of one’s hands. With the stylus the user has only a single 
point of contact and that makes the general impression of the 
object or the space somewhat difficult to understand [4].  

We have used tangible models as a part of the procedure for 
testing with visually impaired children, when teaching the 
children how to use our applications which make use of 
PHANTOM devices. Two types of tangible models have been 
used in our studies: hand-made cardboard and carton models, and 
plastic artifacts. Both aids have their pros and cons, and they can 
also be used in the early phases of human-centered and 
participatory design.   

2.1 Cardboard Models 
Tangible models made of carton have been used by Patomäki and 
the others [4]. Their results showed that when tangible models 
were used in testing applications that utilize a PHANTOM 
Desktop device, young children were able to understand the 
interface well using a cardboard model. However, the interaction 
using the PHANTOM stylus is so different (with one-point 
interaction) from the direct exploration with one’s own hands, 
that the use of the application was not that easy for those children 
under school-age that participated in the tests.  Instead, when 
testing with school-age children the approach proved to work well 
[6, 8]. 

Cartons and other cardboard materials are cheap and accessible 
for making early prototypes of the applications. They are easy to 
work with, and they are also convenient to take with when going 
to meet the participants. These materials are, however, time-
consuming to prepare. On the other hand they can be altered quite 
easily when needed in the design process. 
 

 
Figure 1. Two examples of tangible models: Path finding (left) 

and different textures (right). 
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2.2 Plastic Models 
In the Proagents project [6] a learning environment (the Space 
application) was designed that consisted of different micro 
worlds. Each micro world had an own visual and haptic user 
interface. For testing this application tangible models were 
prepared by Jyväskylä School for Visually Impaired, Finland. The 
models are relief pictures made of plastic and the name of each 
micro world they represent has been written in Braille on them.  

These models proved to be useful for children when getting 
familiar with the application. They were also used for controlling 
what the children had learned and asking what they remembered 
after using the application. 

These plastic models need to be prepared with special equipment; 
they cannot be made in every school. They are also not possible 
to be modified later. On the other hand they are strong enough to 
be used for many times in several testing situations. 

 
Figure 2. A plastic model (left) of the menu of the Space 

application and the final menu implemented (right). 

3. TANGIBLE MODELS IN EARLY 
PROTOTYPING 
Tangible models of the haptic user interfaces of the applications 
can also be used in early phases of the design process.  In 
participatory design process [2] it is important to get users’ 
opinions of the prototypes in different stages. Cheap and simple 
models are very beneficial when introducing the ideas to the 
target group. When designing for the visually impaired people, 
the structure as well as the different surfaces of the application 
can be explored by tangible models and perhaps also navigating 
the application could be demonstrated with a couple of haptic 
interface prototypes.  

In the beginning of the design process simple structure elements 
can be introduced to the target group. Alternative design 
prototypes are easier to produce if they are not too complicated. 
When the implementation proceeds more specifics can be added. 
Again, alternatives can be introduced, for example, by using a 
simple structure prototype and different detachable pieces which 
can be reset differently into the main structure model.  

A possible drawback in this method is that with a very stripped-
down model the user may not be able to get a good insight of the 
application as a whole. The success will depend thus on the 
balance between simplicity and sufficient accuracy. 
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ABSTRACT 
In this paper we describe our approach to prototyping with 
specific focus on a project looking at Gestural UI. We also 
express our eagerness to share our experiences and process 
and learn from other people building lo-fi prototypes in this 
topic area.  

Author Keywords 
Prototyping, gestures, haptics, user-centered design. 

ACM Classification Keywords 
H.5.2 User Interfaces: Prototyping.  

INTRODUCTION 
At Nokia Design we are interested in exploring new 
possibilities for user interfaces and believe that successful 
designs come from understanding and engaging users in the 
design process (in other words user-centered design [1]).  

User-centered design involves iterative steps to designing a 
product where feedback from users and designers leads on 
to the next cycle.  One very important part of the cycle is 
the use of prototyping. These prototypes help with the 
design process because they help communicate the design, 
allow aspects of the design to be trialed with users and let 
designers see their ideas realized. 

APPROPRIATE PROTOTYPING 
Usually a design for an interface starts off with an 
imprecise concept and by the end of the process a more 
defined specification is developed. At the beginning of a 
project there are less firm details and the design could go in 
more directions than at the end. This means that different 
stages of the project require different kinds of prototypes.  

We believe in “appropriate prototyping”. That means 
finding the right kind of prototype for the user interface that 
is being evaluated at that stage of a project. There can be a 
tendency to try to build the most complicated prototype 
possible where a much simpler one will actually better 
communicate the design through the maintenance of 
ambiguity [2]. A simpler prototype doesn’t try to cover over 
the unknown details that are present at the start of a project. 
For example paper prototyping may be used be at the outset 
of a project and a fully interactive Flash prototype used in 
the final stages. 

While we have a good process in place for prototyping 
visual interfaces we are in the process of developing the 
best practices for creating prototypes for other modalities 
such as haptics and gestures. 

The good news is that there is a wealth of software and 
hardware that is ready for use or nearly ready for use. For 
instance: companies like Spark Fun Electronics [3] sell 
sensor boards for a wide range of sensors; Arduino [4] is a 
small easily programmed microprocessor with lots of 
example sensor programs; devices such as the Nokia N95 
[5] come with a built in accelerometer, vibrator, 
microphone and camera and there is a wealth of example 
programs on the Internet which can be use these sensors 
and actuators. Languages like Processing [6], Python [7] 
and Flash [8] make it easy to assemble quick and dirty 
demos. Another helpful technology is video analysis, which 
allows quick demos to be built. The Processing language 
has libraries to support this [9]. 

GESTURES PROJECT 
Currently we are researching how gestures can be better 
integrated into mobile device interfaces. We are interested 
in what tasks on the device benefit from gestural interfaces, 
which gestures are suited to use with a device and in what 
contexts (social, environmental, etc) these interfaces work 
best. 

This research forms part of Nokia’s ongoing work in 
understanding our customers. Each year we conduct 
research in a range of diverse methodologies from 
questionnaires and interviews to following people in their 
daily lives [10]. This builds up a rounded understanding of 
what is important to customers and how they live they lives 
allowing us to create technologies that fit with their lives. 

We wanted to study users who would represent our broad 
range of customers so we recruited users from a wide range 
of cultural backgrounds for a study to understand which 
tasks on a mobile phone are appropriate for gestural 
interfaces and which gestures are good candidates for use in 
an interface.  

To understand this we matched 7 tasks (content navigation, 
waking the phone, application shortcuts, application 
closing, call handling, interacting with another device, 
mode changes) with a choice of gestures. 
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LO-FI PROTOTYPING 
 

  
Figure 1. Stills from video prototyping. 

Videos [11] were made of a people performing the gesture 
on a wax model of a phone with no real working UI and 
users were asked if they thought the gesture fitted the task. 
Users were also given a wax model of the phone in the 
interview to demonstrate gestures they devised in the 
interview. The interviews lasted 90 minutes and users 
looked at about 4 tasks. The interviews were videoed and 
transcribed. 

We were looking to understand qualities of gestures and 
tasks and discover good and bad matches. For instance: Is 
the gesture socially acceptable? Is smooth and fluid or 
stepped gesture better for this task? When and where would 
a gesture better for this task? How expressive is this 
gesture? Can you provide enough control? Is the gesture too 
complex? The feedback from these interviews has been 
mapped to an affinity diagram. The analysis of these 
interviews is still in progress. 

RAPID PROTOTYPING 
Following on from the analysis we want to create 
interactive prototypes that users can try out. The first 
interviews largely ignored issues of technical feasibility. 
The second round of prototyping will allow users to make 
gestures with a simple working model.  

Currently there are three approaches to our rapid prototype 
development:  

The first is to use existing technology. Many mobile 
devices now come with touch screens, accelerometers, etc. 
The N95 for instance has publicly available resources for 
using its built in accelerometer, the data from which we can 
be sent to a Flash or Java program also running on the 
phone. 

The second is to create a ‘backpack’ of sensors to attach to 
a phone.  This is a combination of sensors, microprocessor 
and wireless electronics. (i.e. we use a micro Arduino, 
Zigbee radio and electronic sensors). We will be able to 
plug into this backpack particular sensors we need to use  
(force sensing, light detection etc). 

The third is using video analysis to sense gestures. Many of 
our phones come with front facing cameras for video 

calling. We could imagine these being used not just for 
taking pictures but also forming part of the user interface. 
We would prototype this interface using the libraries 
supplied with the processing language.  

Fortunately, given the mature state of many sensor 
technologies, none of this is rocket science. There are many 
helpful web sites with clear instructions on how to bolt the 
technologies together. The novelty comes in the users 
enabled through these new configurations. 

WORKSHOP 
Nokia Design is in the process of understanding how to add 
new modalities of interaction design to mobile devices and 
developing processes to better enable design. Sensor and 
actuator technology is increasingly cheaper and easier to 
incorporate into mobile technology. So right now is an 
excellent time to share and discuss how to go about 
prototyping these kinds of interfaces. 
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ABSTRACT
Prototyping is a crucial process during the development of
an application, no matter the modality used. And no matter
the modality, lo-fi prototypes in early stages are needed to
improve the quality of the process. However, building lo-fi
prototypes for haptic applications presents many additional
challenges compared to traditional applications. Instead,
the focus should be shifted to haptic prototypes using pos-
sibly low-cost devices and mixed-fidelity thus trying to keep
the paper prototypes’ concepts and benefits in mind. In
that respect and with the idea that haptic interactions are
an essential part of a haptic application, a haptic interaction
prototyping tool, currently under development, is presented.
The designer can simply and quickly build and test haptic
interactions by adjoining logically blocks; thus bridging the
gap with the user and the programmer who both can see or
rather feel the behavior of the system.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation (I.7)]:
User Interfaces (D.2.2, H.1.2, I.3.6)—Haptic I/O, Prototyp-
ing ; I.3.6 [Computer Graphics]: Methodology and Tech-
niques—Interaction techniques

General Terms
Haptic Interactions Prototyping

Keywords
Haptic Interactions, Haptic Prototyping

1. INTRODUCTION
Haptic interfaces keep blooming across a wide range of areas
from gaming, medicine to virtual reality, etc. The on-going
creation and development of a palette of different devices,
that allow the user to feel what he/she manipulates through
tactile or force feedback, has stimulated researchers in many
fields. Yet, the integration of haptics into commercialized
products is slow [1]. Haptic devices used to be (and most still

are) expensive and not accessible to the public outside re-
search. Additionally, designing early low-cost flexible haptic
prototypes presents many challenges [1]. With the spreading
of low-cost devices (the Novint Falcon for instance or gaming
devices), finding solutions to designing and early prototyp-
ing haptic interfaces would promote the expansion of haptic
applications.

2. PROTOTYPING
Prototyping is essential to the development of an applica-
tion, whether in research or in industry. Therefore, hap-
tic prototyping is an equally important step in the design
of haptic interfaces, where the haptic sense is not merely
limited to enhancing a graphical interface but is used as a
primary modality to convey information. Examples, such
as interfaces for visually impaired or in haptic visualization,
highlight that a few simple effects are not sufficient and that
proper haptic metaphors should be developed.

Human-Computer Interaction (HCI) studies have demon-
strated that an effective prototyping process involves the
user from the beginning [7, 1], to focus on the ideas and
on the content concepts rather than on the technological de-
tails. To achieve this in a low-cost and flexible way, lo-fi pro-
totypes are being used [7] involving paper and cardboards.
In haptics however, it is less straightforward to use lo-fi pa-
per prototypes as the possible designs are highly dependent
on the devices’ properties (textures cannot be felt with all
devices for instance; some applications are time-critical) and
it is difficult to easily represent a haptic effect on paper.

The main idea behind lo-fi prototyping though is to build
prototypes with relatively low-cost compared to the final ap-
plication. As paper is not the most suitable means and as
simulating the physical behavior with a human agent for in-
stance would not be fully efficient and representative, the
increase of the availability of low-cost haptic devices could
overcome the cost issue to a certain level. Indeed, Bjel-
land and Tangeland [1] have managed to build early different
haptic prototypes with modified low-cost devices and gain
similar benefits as with using paper prototyping (new ideas,
identifying usability issues, etc.). It could also help bridge
the gap between the user and their knowledge about haptic
devices which remain at the reach of a limited set of people.

Furthermore, as McCurdy et al. [5] explain, characterizing
a prototype according to the single axis of low or high fi-
delity is too simplistic and does not encompass all the possi-
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ble types of prototypes. They argue that prototypes should
be of ‘mixed-fidelity’ which “refers to a prototype which is
high-fidelity in some respects and low-fidelity in others” [5];
aspects that include the level of visual refinement, breadth of
functionality, depth of functionality, richness of interactiv-
ity and richness of data model. Bjelland and Tangeland [1]
cite and describe Schrage’s classification that highlight the
same issue. We think that haptic prototypes should be built
along that line (mixed fidelity or following Schrage’s dimen-
sions) depending on the prototype’s goals (i.e. getting ideas,
testing usability, etc.).

In that respect, this short paper presents a haptic interaction
(IT) prototyping tool that aims at facilitating the prototyp-
ing of interactions for designers and bridge the gap between
them and the developers. This tool, enabling prototyping of
parts of the final application, namely interactions, is further
described in the following section.

3. HAPTIC IT PROTOTYPING TOOL

3.1 Motivations and initial development
As explained in the previous section, prototyping is key to
good design. Interactions are an essential part of a haptic
application, especially when haptic is the primary modality
to convey information and when metaphors are needed for
more effective interactions. To allow the designer to test
haptic interactions early in the development process and
then to better communicate the desired system behavior to
the developer, a haptic interaction tool is currently being de-
veloped. The need for toolkits that allow the fast prototyp-
ing and testing of user interactions has long been proved in
Virtual Reality and several languages or graphical notations
have been implemented [4, 2], most trying to be toolkit in-
dependent and using XML. However to the knowledge of the
author, hardly any of these languages have been developed
for, or to include, haptic interactions. The NiMMiT graph-
ical notation [2] encompasses multimodal interactions. On
a broader note, Eid et al. [3] developed the HAML frame-
work, “a technology-neutral description of haptic models”
that describes not only the interactions but all the compo-
nents involved in an application in an XML-based language.

Our tool first intended to be API and device independent.
However, as the high-level H3D API already interfaces differ-
ent renderers and force feedback devices and shares similar
goals, it seemed more reasonable to build the tool on top
of the API as H3D does not focus on interactions and these
can even necessitate a long learning process before designing
them. The tool draws inspiration from the Lego Mindstorms
software that lets, among other things, children program the
behavior of a lego robot in a simple way. The tool focuses
on haptic interactions though and provides the user with a
library of available interactions, of which he/she can create
instances, and commands to link or trigger them (wait for,
condition, loop etc.). The resulting tool should be intuitive
and easy to use allowing to prototype simple interactions
quickly. The output in x3d/python code also provides the
programmer with a start skeleton and can accelerate the
programming process which consequently can accelerate the
development and validation by designers/users. The tool is
currently in its early development stages. Some previously
implemented guidance techniques [6] are being integrated

within the tool’s library and their programming tested us-
ing the tool.

3.2 Future functionalities
As the tool is in its early development, many other function-
alities are planned to be integrated. The most important
ones will be subsequently outlined. First, the creation of
some basic shapes that can roughly represent the elements
involving interactions will be added. Secondly, the available
interactions should be tuned according to the user’s chosen
device. Thirdly, both ready-to-use interactions as well as
their divided main blocks will be provided to allow the user
to gain finer control over the interaction’s behavior (a guid-
ance IT could be subdivided into the position interpolation
and the time sensor). The possibility to create your own new
interaction by saving a document or part of it would be an
important benefit to ensure the prototyping flexibility. And
finally, the library of existing interactions should attempt
to be as comprehensive as possible, including the ones al-
ready available through the API such as many navigation
interactions and from other papers.

4. CONCLUSION
This short paper has argued that lo-fi/high-fi is a too restric-
tive categorization and not adequate to haptic applications
and that a mixed-fidelity approach would be more suitable.
In that respect, a haptic interaction prototyping tool, that
enables the fast prototyping of haptic interactions with force
feedback devices, was described. It should consequently al-
low early and low-cost prototypes to be built to improve
the quality of the prototyping process. The tool is in its
early development stages thus this paper presented mostly
the ideas and the beginning of the implementation.
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ABSTRACT 
This paper explores the way the concept of hardware and physical 
prototyping can be used as an addition or extension to ‘traditional’ 
prototyping methods used in HCI research. Physical prototyping 
allows creating interactive hardware prototypes that are tangible 
but make use of digital information. This approach appears to be a 
next step in standard prototyping tools that can be used in 
research, but is also an opportunity with regard to the ‘everyday 
user’. From both viewpoints, there are however limitations to the 
existing platforms. These possibilities and limitations are explored 
by a small case study involving the Arduino platform to create 
musical instruments. 

Categories and Subject Descriptors 
H.5.2 [Information interfaces and presentation (e.g., HCI)]: 
User interfaces – Haptic I/O, Prototyping 

General Terms 
Design, Experimentation 

Keywords 
Hardware, Prototyping, Instruments, Low-Fi, Arduino, DIY 

1. INTRODUCTION 
Prototyping methods have been explored by a great number of 
researchers in the HCI and industrial design field [3]. Under 
influence of current trends and tendencies that are happening on 
the web, the importance of including moving elements is 
becoming more important in designing and experiencing 
interactions. As these moving elements have become a very 
interesting option for interaction designers to explore, prototyping 
methods have to be adjusted to test interface concepts and ideas in 
the same ‘rough’ way that techniques like ‘static’ paper 
prototyping offers. Techniques like ‘wizard of oz’ and derivatives 
thereof allow for basic interactivity or the simulation of 
movement in various interfaces. The enormous advantage of this 
the accessibility of the prototyping technique and the low entry 
level to begin using it. 

1.1 Interactive hardware prototyping 
In the previous section, the influence of movement on screen has 
been briefly touched to illustrate how prototyping methods can 
and should be explored to evolve in conjunction with ongoing 
trends and new developments made possible by the evolution of 
technology. The way an interface is prototyped becomes even 
more challenging when we look at current trends like pervasive 

computing and haptics. A lot of HCI research going on at the 
moment tends to break the barrier between the human and the 
‘screen’. Domains like multitouch interfaces, pervasive interfaces 
and tangible interactions are digging into the area of “human 
computer confluence” where the boundaries between the virtual 
and the real world are blending more and more together [5]. 
Because these emerging domains are introducing real world 
interaction styles, moving away from the standard WIMP 
paradigm and ‘the display’ in general - new challenges and 
opportunities open for prototyping tools and methods to be 
adapted and redefined. When moving away from ‘the display’ we 
move into concepts like ambient intelligence and smart spaces [4] 
in which the environment around a person can be seen as a 
display, or the physical objects in a room or place react on the 
actions of a person. 
When it comes to exploring these new opportunities at the level of 
interaction and product design, interactivity of a prototype is again 
crucial with regard to the overall user experience. Recent 
developments in several open source communities have created 
several hardware platforms that allow for the creation of 
interactive, physical, prototypes in a quick & dirty way (e.g. 
Arduino, Phidgets) [1],[6]. The creation of these platforms 
indicate that there is an interest to extend the way prototyping can 
be done to a physical level, opening possibilities for HCI 
researchers to explore new interactions. 

2. Researcher’s perspective 
The prototyping of real world objects to explore interactions 
combining the real and virtual world has already been explored, to 
some extend, by media artists and more recently has made it’s 
entry in HCI research. Mostly, these prototypes relatively involve 
a lot of electronics and coding work. Prototyping platforms like 
the Arduino have made quite a step to making this type of 
prototyping more accessible but it still requires a technical 
background to comprehend fully. Therefore, there is still quite a 
steep learning curve to overcome if you want to dive into 
prototyping interactive, tangible ‘things’. This means that people 
in HCI research without a thorough knowledge of electronics and 
programming are less able to create this “new” kind of prototype 
whereas they have always been able to create paper prototypes or 
use ‘wizard of oz’-like methods to create low-fi versions of the 
ideas they wanted to explore. 
Current interaction or product ideas involving ambient or smart 
spaces concepts rely a lot on exploration by using techniques such 
as storyboarding and scenario creation. In some cases these 
scenario’s are taken to a next level by acting them out in context 
for example or by creating non-functional mockups and 
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breadboards. However, recent research [7] illustrate that the use of 
physical prototyping can add a lot of value to a prototype - if the 
designer has the skills to create, connect and program the 
platform. 

3. User’s perspective 
Besides the potential these platforms hold with regard to HCI 
research, there is also potential for the everyday user to actively 
use and be involved with these platforms. Existing physical 
prototyping platforms, are very community driven. People are 
creating things to assist them in their daily lives, creating their 
own things as an expression of art, decoration or creating devices 
to automate time consuming tasks. These observations are mainly 
based on the so called “MAKE:”, “instructables” or “lifehacking” 
trend, where users are forming communities to solve very small 
practical problems or around common niche-interests. However 
the people involved in these trends are mostly tech savvy at the 
moment. 
Looking at the commercial market, current trends related to 
(mass-)customisation are really taking off amongst everyday 
users. The physical prototyping platforms could take this one step 
further, enabling users to create their own devices by using 
prototyping tools. Commercial products like the Buglabs platform 
have identified this potential, and are clearly exploring what can 
be done [2]. Again, it is approached from a very technical angle. 

4. Case study 
To explore these thoughts on physical prototyping further a small 
case study making use of the Arduino platform will be used to 
illustrate some of the concepts that have been addressed so far. 
The case study covers the creation of a musical instrument during 
the ‘talkoo’ workshop on the Arduino platform given by David 
Cuartielles at the Interactive Media Art Laboratory (iMAL) 
Brussels in june 2008. During the workshop the creation of 
interactive physical prototypes was explained starting from a very 
basic level and working up to a more advanced level. The 
participants of the workshop came from a wide variety of 
backgrounds ranging from people with a background in computer 
science with a lot of electronics and programming knowledge to 
artists with very little knowledge about programming but with 
heaps of ideas to create physical objects. During the first phases of 
the workshop, the Arduino platform was introduced and explained 
by some very simple exercises. As the workshop progressed more 
complex code was introduced involving sound and noise 
generation. The end result was the creation of a musical 
‘instrument’ by every participant. These instruments were taken 
out to the streets as a public performance. 

4.1 Evaluation 
From a user’s point of view, the way that almost every object can 
be used to create something else opens a lot of possibilities. 
However the look and feel of the current platforms remains very 
technical. In order to get the everyday user involved in this kind 
of prototyping/customization there is still quite a way to go. 
From a researcher’s point of view, physical prototyping holds a 
lot of potential. It was however a challenge to comprehend and 
understand the code structure when the creator’s background in 
programming is basic. It was very clear that for most people the 
coding was taking up most of the time in the creation of the 
prototype. The fact that the group of people participating in the 
workshop was very diverse there was a lot of interaction between 
coders and idea generators. The basic examples were 

comprehensible by most people (using switches and sensors to 
turn leds on and of for example), but once the code got more 
complex help was needed from more experienced coders. 
However, the interactivity the level of getting a movement sensor 
to work or a light sensor to react to presence might already be 
enough interactivity to enhance prototypes. There was however a 
clear need from all participants to be able to begin from certain 
templates and building blocks, which are not included in most 
existing platforms. 

 
Figure 1 : Process of prototyping and creating the instrument 

5. Discussion 
The above sections merely scratched the surface of how 
prototyping can evolve together with new opportunities given by 
technological evolution. Physical prototyping using the specified 
platform(s) is perhaps only one solution to adapt prototypes to 
explore research field involving tangibles and ambient 
environments. One of the important things is to what extend a 
prototype can be abstracted and to what extend the perceived 
interactivity is indeed an added value towards exploring these 
concepts with everyday users. Referring to the use case, it is clear 
that the existing physical prototyping platforms are limited 
because of their relatively steep learning curve. The existing 
platforms however offer a perfect opportunity to explore the links 
between the virtual and the real world by prototyping, but it could 
be questioned whether the time investment that has to be made 
creating the interactivity is truly worth it and is really as ‘low-fi’ 
as it appears. These open questions open a lot of possibilities 
towards future HCI research where ‘regular’ prototyping methods 
can be extended and redefined upon. 
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ABSTRACT 

This is a short description of how a multi- touch interface was 
prototyped by using a simple cardboard model and a piece. The 
prototype is a part of an early stage research project, investigating 
possible interaction techniques with Dynamic Positioning Systems 
(DP), hence multi-touch interaction. In this case, the prototype 
was used in a user-study to map which gestures felt natural to the 
user when operating a DP- system. 

Categories and Subject Descriptors 

H.5.2 [Information interfaces and presentation]: User Interfaces – 
Interaction Styles, Human Factors, Input devices and strategies. 

General Terms 

Design, Experimentation, Human Factors, Prototype 

Keywords 

Interaction Techniques, Prototype, Design, User- Study 

1. INTRODUCTION 
The offshore adventure started in the late 1960’s and there has 
been a rapid technological development on offshore equipment. 
What was earlier represented in paper, such as maps and 
navigation, is now digitalized. Electronic maps used onboard 
vessels, are today a standard supplement to paper maps. With the 
digitalization of systems and also the introduction of new systems, 
the operator’s only possibility of interaction, is through its 
graphical user interface (GUI). Today many of the systems 
onboard offshore vessels have displays which are touch- operated. 
The user interacts more directly with the GUI, which emphasizes 
the importance of a well- designed interface.  

The traditional standard input on computer systems in general, is 
through either the keyboard or the mouse. On touch-operated 
panels, the input is normally performed with the operator’s index-
finger. Lately prototype displays have appeared, accepting more 
than one touch- point. Small versions of the displays have been 
commercialized, such as Apple’s IPhone. Using more than one 
touch-point, multi-touch, can be interesting to use, not only in 
entertainment and leisure applications, but also in professional 
applications. Monitoring and maneuvering large machines can 

possibly benefit from using multi-touch operated displays. In this 
case, multi-touch can have a beneficial effect on maneuvering an 
offshore vessel using a DP system. 

2. BACKGROUND 

2.1 Dynamic Positioning Systems 
A Dynamic Positioning system (DP) can be defined as: 

-A computer controlled system to automatically maintain a ship’s 

position and heading by using her own propellers and thrusters. 

A DP system [1] can be seen as a complete system that includes 
operator stations, position reference sensors, gyro compasses 
(detects true north by using an electrically powered fast spinning 
wheel and also friction forces, to exploit the rotation of the earth), 
and a range of different sensors that give feedback to the operator 
about the ship’s position and the forces that influence the its 
direction. 

A vessel has 6 degrees of freedom (DOF) (see figure 1), which 
enables it to move around three axis, x-, y-, and z-axis. The DP 
system is only concerned with manipulating three degrees of 
freedom, surge, sway and yaw. 

 

2.2 Multi-Touch Interaction 
In 2007 a simple form of multi-touch was popularized by Apple 
through IPhone and IPod Touch. Although Apple was first to 
popularize it, multi- touch and bi-manual interaction have been a 
topic since Jeff Han spread interest with his first public 
presentation of multi-touch interaction on the TED conference in 
February 20061. This demonstrated his principle of Frustrated 
Total Internal Reflection (FTIR) [2], which is low-cost multi-
touch sensing. The interaction with both GUI and software 
seemed surprisingly easy and natural, with flowing movements 
and easy gestures. 

                                                                 
1  http://www.ted.com/index.php/talks/view/id/65 

Accessed: 08.09.2008 
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Figure 1. A vessel’s 6 Degrees of Freedom 
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2.2.1 3D and Gestures 
3D applications give us more DOF’s available. By using a 3D 
environment combined with a multi-touch display, it is possible to 
directly manipulate the object by using gestures. Using two-hands 
can in theory make it possible to perform the same tasks using half 
the number of steps, and also perform different tasks 
simultaneously [3]. When selecting an object through direct 
manipulation with a single touch, the object has initially three 
degrees of freedom (DOF) if the point of contact is in the centre 
of the object. Hancock et al. [4] introduced a project where an 
algorithm provided 2 DOF’s for each touch- point.  

To find out which gestures fell natural to the users in a DP system 
a paper prototype was developed.  

3. PAPER PROTOTYPE 
The paper prototype was created by using a print of the DP 
system’s GUI, glued onto a piece of cardboard. This illustrated the 
work surface, which was presented to the participants of the user-
study. The user-study was supplemented with a task- sheet and a 
post- task discussion. 

Normally, the main DP display is placed vertically to the left side 
of the operator. In this case, the prototype display was placed in a 
desk-like position in front of the operator, adjusted to suit usage 
of both hands. The cardboard model was in A3 format and 
simulated the vessel normally visible in the GUI. A small piece 
cut out in cardboard, represented the vessel. The small cardboard 
vessel was represented in blue colour, which is the colour the 
vessel normally has on the display. The vessel representing the 
starting position was grayed out (see figure 2). A concern 
previous to the user-study, could be if the blue vessel was hard to 
move due to the texture of the surface. This was not mentioned by 
the participants in the post- task discussion. 

 

Figure 2. Paper prototype illustrating vessel (blue) and initial 

position (grey) 

The participants were encouraged to move the vessel according to 
the tasks given and not have any constraints on how to move the 
vessel. The results from the experiment gave interesting feedback 
on which gestures felt natural. Gestures using multiple fingers and 
hands (see figure 3) seemed natural for several of the tasks given. 

 

Figure 3. Illustrating multi-touch bi-manual using paper 

prototype 

4. DISCUSSION AND CONCLUSION 
Paper prototypes are cheap and valuable tools when 
experimenting with interfaces. It’s not only cheap when it comes 
to money, but also saving developers working hours. Software 
components are sketched and put together to find good solutions. 
When it comes to testing prototypes, especially in the maritime 
realm, feedback from the system is important, which cannot be 
obtained from paper.   

An interesting solution could be to develop a prototype kit, which 
consisted of a haptic tablet and one or more magnetic (or similar) 
piece(s) giving tactile feedback. The developers’ sketches and 
drawings could be imported into the system and displayed on the 
tablet. Properties could possibly be added to the different 
components, for example when moving the object/component a 
slight vibrating feeling of a light resistance, could be sensed. It 
could also be interesting to add sounds and alarms. 

In many cases user-studies are not prioritized when developing 
new applications and systems, due to the focus on meeting 
delivery deadlines in time. With a system similar to this it could 
be possible to do advanced user- studies without spending too 
much time on developing correctly functioning software 
components.  
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ABSTRACT 
In this paper, we present a tactile jacket with 64 actuators. We 
briefly describe the design of the jacket and the system aspects.  

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation (e.g., HCI)]: 
User interfaces – Haptic I/O 

General Terms 
Experimentation, Human Factors  

Keywords 
Tactile stimulation, vibrotactile actuators, textile electronics 

1. INTRODUCTION 
At Philips Research, we investigate the possibilities of tactile 
stimulation because it offers an extra modality for user 
interaction. More specifically, we want to establish how this 
kind of stimulation can be optimally used in consumer products. 
In order to study tactile stimulation we have designed a 
comfortable jacket containing an array of tactile actuators. This 
jacket serves as a research vehicle for studies on the effect of 
adding tactile stimulation to existing or future products. 

In the next section, we briefly describe the design and 
implementation of our jacket. In section 3 we describe how we 
generate the tactile stimuli. We end with conclusions and 
acknowledgements. 

2. HARDWARE 
2.1 The jacket 
Our starting point for the jacket was a design that could 
stimulate the back and front of the human torso and arms. In this 
design we incorporated 64 actuators. Distributing these actuators 
uniformly over the jacket results in a layout with roughly 15 cm 
distance between neighboring actuators. 
Further design constraints were a tight fit and good accessibility 
of the electronics. The tight fit makes sure that the actuators are 
as close as possible to the human skin. This requires the use of a 

stretchable fabric and different clothing sizes: small, medium, 
large, and extra large. 
The jacket consists of two layers: an outer lining and an inner 
lining. The electronics were attached to the inner lining and then 
covered by the outer lining for protection and aesthetics. At the 
bottom side and at the end of the sleeves the linings were not 
sewn together such that the electronic components remained 
accessible for debugging and repairs (see Figure 1 upper panel). 

 

Figure 1. Upper panel: photos of tactile jacket with outer 
lining (left) and inner lining containing electronics and wires 
(right). Lower panels: distribution of vibrotactile actuators 
on front (left) and back (right) of a torso. The actuators are 
represented by the colored circles and are grouped into 16 

segments each containing four actuators. 
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2.2 Actuators 
For the jacket we have chosen for pancake–shaped Eccentric 
Rotating Mass (ERM)-motors because they are light weight, 
thin, and cheap compared to other offerings. Their main 
electrical characteristics as well as some of their mechanical 
characteristics are listed in Table 1. 

Table 1: Specifications of the vibration motor. 

Characteristic Specification 
Operating voltage 2.5~3.5 VDC 

Max. Current 90 mA 
Coil Resistance 80 Ωmax 

Mass 0.08 gram 
Rotation Speed @ 3 VDC 13000 ± 2500 rpm 

 
Because of the low operating voltage it is possible to drive the 
actuators using two AA-batteries in series. These batteries 
deliver typically about 2800 mAh which yields a operation 
lifetime of 1.5 hours when continuously driving 20 motors 
simultaneously. 
 

2.3 Electronics and wiring 
For the electronics design we had the following requirement list: 
wearable, battery–powered, and wireless operation at a 100 Hz 
refresh rate. To enable integration with the fabric the printed 
circuit boards (PCBs) have sewing holes as shown in Figure 2.  

To drive the motors we selected a microprocessor which has 
four outputs that are Pulse Width Modulated (PWM). Therefore, 
the 64 motors were divided into 16 different segments each with 
its own microprocessor. The segments are daisy chained with a 
serial bus that starts and terminates at an interface PCB. 

The distribution of the segments over the body is shown in 
Figure 1 (lower panels). Each motor is glued onto its own PCB 
having one or two connectors, motor PCB 1 and 2 respectively. 
PCB 2 is connected to the driver PCB and relays the current to 
the motor on PCB 1. We use a PC to control the jacket. The 
interface PCB connects the PC and the batteries with the jacket. 
The total weight of one jacket, including electronics and 
batteries, equals approximately 700 grams. 

3. TACTILE STIMULI 
We have created a custom LabView™ application that allows us 
to generate tactile stimuli on various levels of granularity. First, 
we create different types of shapes that relate to PWM settings 
which are sent to the motors. Shapes are the building blocks for 
patterns. Patterns specify at what point in time a particular motor 
has to run with a given shape. Finally, these patterns are played 
back on the jacket at predetermined timings or these patterns can 
be triggered by external events. 

3.1 Shapes 
The shapes have a 10 ms resolution and their duration is in 
principle unlimited. The resolution is determined by hardware. 
The shape amplitude at each 10 ms time step is a value in a 
range of 25 steps. This amplitude is translated to a PWM output 
that is sent to the motors. The shape can be any arbitrary 
waveform as long as all values are positive. Examples of basic 
shapes are a sine squared wave or an offset square wave. 

3.2 Patterns 
With the created shapes we can build tactile patterns. A tactile 
pattern determines for each actuator the timing(s) to start a 
shape. For this, the timing resolution is also 10 ms. An example 
of a pattern is a sine squared shape running from the left wrist 
over the shoulders and neck to the right hand. 

4. CONCLUSIONS 
We have made a tactile jacket containing 64 independently 
controllable actuators. This jacket acts as a tactile display upon 
which tactile patterns can be rendered. A large variety of tactile 
patterns can be generated with the LabView™ application. 
These patterns are played back according to preset timings or in 
response to external events. With this tactile jacket we are 
currently investigating research questions on tactile stimulation. 

5. ACKNOWLEDGMENTS 
We thank Rob Hesen and Frank Kneepkens for expert help in 
the design of the electronics. We thank Maryam Entezami for 
designing a fashionable jacket. 

Figure 2: photographs of driver PCB (left), motor PCB 2 
with relay connector (upper right) and motor PCB 1 

(lower right). Motors (not shown) are placed on the rear.
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ABSTRACT 
This paper describes the use of a lo-fi 3D prototype of a Near 
Field Communication (NFC) service in a co-design study. The 
purpose of this study was to involve users in the development of a 
mobile payment service based on NFC. To allow users to explore 
and experience the touch- and movement-based interaction with 
the service, a wooden prototype of a mobile handset and a 
cardboard prototype of a cash terminal were used. Findings 
concerning the use of such lo-fi prototypes in user-centered 
design of touch-based and haptic interactions are discussed. 

Categories and Subject Descriptors 
H5.2. User Interfaces – Input devices & strategies, Haptic I/O; 
D2.2 Design tools & techniques – User Interfaces 

General Terms 
Design, Human Factors 

Keywords 
NFC, Co-design, Prototyping, Interaction Modeling 

1. INTRODUCTION 
Near Field Communication (NFC) is a short-range, wireless 
connectivity technology that allows consumers to perform safe, 
contactless transactions, access digital content and connect 
electronic devices with the simplicity of a single touch. NFC-
based devices are a special category of haptic interfaces. The 
touch-based interaction is not directly between the user and the 
device, in stead the interaction is mediated by another, mobile 
device. While on the one hand touch-based interactions require 
very simple actions, on the other hand, such interfaces often are 
unfamiliar to users and therefore do not invite them to perform the 
correct actions.  Findings of previous studies suggest that 
unfamiliarity with touch-related interfaces can indeed result in 
difficulties with regard to interaction [1, 2]. 

 

The study described in this paper was carried out within the 
framework of a project in which an NFC-based mobile payment 
service is developed. This service runs on a mobile handset which 
connects to a cash terminal via NFC when the two devices touch. 
To make sure that the service meets both user needs and usability 
requirements, a user-centered design approach was adopted.  

2. METHODS 
Since it is generally quite difficult for people to express their 
feelings about unfamiliar products and situations, and to think 
about what it would be like to use a future product, generative 
tools were used to facilitate this discussion. When using 
generative techniques, people are stimulated to construct a view 
on the context by calling up their memories of the past and by 
eliciting their dreams of the future [3]. In this project, the 
technique of modeling is used to experience the interaction with 
the NFC service.  

For this purpose, lo-fi 3D models of a mobile handset and a cash 
terminal were used (see Figure 2). The handset was made of wood 
(MDF) with hand drawn buttons, screens, screen elements etc. 
The cash terminal was made of a cardboard shoe box and only 
contained a screen. The 
“designs” of the handset and 
the cash terminal were kept as 
basic and sketchy as possible 
to make sure participants 
understood that they dealt 
with early stage prototypes 
and to decrease the risk of 
bias and distraction.  A 
deliberate choice was made to 
use 3D prototypes in stead of 
paper prototypes. Because the 
touch-based interaction with 
the handset involves actions which are unusual to the users (e.g. 
bringing the handset tot the cash terminal, positioning the handset, 
touching the cash terminal with the handset, holding the handset 
in a specific position for a while), hands-on experience was 
required to completely understand the use of the service.  

Figure 1 The interaction 
modeling kit including lo-fi 

prototypes of a mobile 
handset and a cash terminal

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
NordiCHI 2008, October 20 - 22, 2008, Lund, Sweden. 
Copyright 2008 ACM 1-58113-000-0/00/0004…$5.00. 

The screens of both the mobile handset and of the cash terminal 
were of equal sizes as sticky notes, which were attached to the 
prototypes for each user action. Participants were asked for each 
use case of the service concept to demonstrate how they would 
act, which movements they would make with the mobile handset 
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and to design the interfaces and feedback that belong to their 
actions on the sticky notes.  

3. FINDINGS  
The use of the interaction modeling kit with the wooden and 
cardboard prototypes served two main purposes in the current 
study. First, the prototypes allowed users to experience the use of 
the new service concept in a more hands-on way than an 
explanation of the concept or paper prototypes would have. In this 
project, the technique of modeling was a successful approach to 
discuss the use of the NFC service into more detail and to explore 
the use of the service in a more generative way. As a result, users 
could imagine what it would be like to use the service, they were 
able to come up with advantages and disadvantages of the service, 
and they even invented new applications and uses of the service. 

The second purpose of the modeling kit was to explore users’ 
expectations and mental models with respect to the interactions 
and interfaces. Because a physical, 3D prototype was used, users 
could demonstrate their expectations and needs related to the 
touch-based interactions (see Figure 2). The mobile handset 
prototype was based on a clamshell model intentionally. This was 
done to provide an implicit way (opening the handset) for the 
users to indicate that they expect an action from the user before a 
connection between the mobile device and the cash terminal could 
be made. Interestingly, almost all participants of the study opened 
the clamshell before bringing the handset to the cash terminal.  

The interaction demonstrations clearly showed that users who are 
not yet familiar with NFC-based interactions are not at ease and 
hesitant in their actions. This reflects the need for clear 
communication about the correct use of the mobile device (e.g. 
orientation, distance, exact spot to touch).  

In sum, the use of lo-fi wooden and cardboard prototypes 
facilitated the discussions with users about a new and unfamiliar 
service. Also, it allowed users to express their expectations about 
touch-based interactions as well as about the interfaces and 
feedback.  

This study demonstrated that the use of a 3D prototype to model 
interactions based on touch, movement, etc., has some clear 
advantages compared to the use of paper prototypes. Most 
importantly, in the current study the 3D prototype allowed users 
to demonstrate their expectations of the interactions. They were 
able to explore the possibilities of an NFC-based interaction in a 
very early stage of the project. By combining the 3D prototype 
with sticky notes representing the screens, the advantages of 
paper prototyping (e.g. designing interfaces and feedback together 
with users) could be exploited at the same time.   

4. RECOMMENDATIONS 
Some of the observations during the current study led to 
recommendations for improving the method of lo-fi prototyping 
that was used: 

• By providing visual information on a prototype only, users 
tend to restrict their thinking to visual interactions and 
feedback as well: stimlulate participants in prototype 
studies to think in multimodal levels by providing 
predefined options users may choose from (e.g. specific 
sticky notes for visual, audio and haptic feedback)  

• User might feel ill at ease the first few minutes they work 
with a lo-fi prototype, they might be hesitant to demonstrate 
the use of the model: allow ample time to play with the 
prototypes and make users feel at ease and taken 
seriously 

• Take into account the fact that it is difficult for users to 
express expectations concerning their interaction with 
unfamiliar products, they might simply forget to mention 
specific expectations:  provide implicit ways for users to 
indicate the actions they expect 

• Using a prototype of a new and unfamiliar product can yield 
interesting information about the users’ mental models: 
stimulate users to think out loud and to explain their 
expectations and actions 
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1. INTRODUCTION 
Within the scope of the EU-funded project MICOLE (Multimodal 
Collaboration Environment for Inclusion of Visually Impaired 
Children) an application for collaboration among visually 
impaired and sighted pupils in elementary school was developed. 
The application supported learning of geometry and relied heavily 
on haptic input and output.  

This paper will begin by describing the resulting application and 
how it was developed. Thereafter a discussion of future work, 
regarding haptic rendering of different types of X-ray images will 
follow. A more thorough discussion of the application and an 
evaluation performed with it can be found in [1]. 

2. THE PROTOTYPE 
The application just mentioned is completely based on the 
Reachin API and allows two users to be present in the interface at 
the same time. It works with the any of the two input devices 
PHANTOM Omni and PHANTOM Desktop from Sensable 
Technologies.   
The application is a three-dimensional haptic and visual virtual 
environment (figure 1-2). The scene is a room with walls and 
floor that have different and discriminable textures applied to 
them that can be felt using a haptic device. The environment 
contains a number of cubic and rectangular building blocks and 
their shape and surface friction can also be felt. 
Apart from feeling and recognizing different geometrical shapes a 
user can also pick up and move around the objects by means of 
the phantom. If two users grasp the same object they feel each 
other’s forces on it. For example, this enables a sighted user to 
guide a visually impaired (or blindfolded) one to a certain place. 
Since gravity is applied to all the objects the users feel the weight 
and inertia as they carry objects around. 
Users can also feel and grasp each other’s graphical 
representations to provide navigational guidance. They can also 
“feel each other” by means of a small repelling force, applied 
whenever the users’ graphical representations get in close 
distance to each other. 
Figure 1 shows a typical screen shot of the application. 

 

 
Figure 1. An example screen shot of the prototype with a few 

building blocks and two users present. 

3. DESIGN 
In the early design phase requirements were formulated and some 
of them regarded the haptic feedback. Being able to feel the 
objects and the other interface elements, such as walls and floor, 
was of outmost importance and being able to haptically 
discriminate between these different elements was of course 
crucial, especially since the application was designed for visually 
impaired users. A realistic sense of grasping an object was also 
important since objects should be movable. The requirement that 
two users should be able to guide each other and feel each others’ 
forces on shared objects was, of course, a considerable challenge 
to fulfill.  
In our case we could use solutions for similar applications as a 
starting point [2]. However, the interface had to be made from 
scratch and adjustments with respect to haptic communication 
between two avatars were necessary.  

3.1 The Reachin API 
The programming environment used was Reachin API together 
with Visual Studio. Reachin API is based on the scene graph 
concept and is used for rendering graphical and haptic interfaces. 
The API is easy to use and it is possible to program rather 
complicated behaviors just by creating a simple VRML file. Just 
with a few lines of code you could create a series of different 
geometrical shapes with different stiffness, surfaces and textures 
applied. This is what makes it suitable when doing early 
prototyping when working with haptic interfaces.  
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3.2 Early prototyping – a discussion 
When creating the graphical and haptic user interface we started 
out directly with using the Reachin API. We tested out different 
solutions, when it came to sizes, stiffness, number of objects, 
textures, etcetera, before reaching the final solution shown in 
figure 1 above. Thus, we did hardly do any planning of the actual 
implementation outside the programming environment.  
When working with haptics and if you have access to Reachin 
API or a similar API this is a practical way of going through with 
early design. First of all it is easy to construct and position 
different interface elements. Second, when a surface has been 
applied it is possible to change the stiffness and perceived friction 
of objects radically just by changing a few values in a VRML file. 
Last, when working with haptics, and especially if you are 
designing for visually impaired users, it is necessary to be able to 
feel the result of everything you do. When working directly with 
an API it is easy to go back and forth between experiencing and 
prototyping. 
When it comes to the forces applied when two users are 
interacting we did not have to do any early prototyping since the 
solutions could be found in the other applications mentioned 
above. However, it would be interesting to discuss how early 
prototyping of such haptic functions could be carried out, because 
of their high complexity when it comes to programming effort 
needed and the ability to get an appreciation of how it “should” 
feel. 
To conclude, I think that working with an API during the whole 
early prototyping phase is best and easiest if the particular API 
directly supports the functions you need to use. When you need 
more advanced behavior, like interaction between two or more 
avatars in the same environment, the issue of early design 
becomes a lot more complicated since you need to define yourself 
how a certain feeling should be generated haptically to create a 
sense of realness. This is something I would like to discuss 
further.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. FUTURE WORK 
The application discussed in this paper will not be subject to any 
changes or improvements in the future, but it could still serve as a 
basis for interesting discussion especially when it comes to design 
for collaboration between visually impaired and sighted users. 
In September 2008 a new project will start at KTH in which we 
will study the communication and work within and between 
medical teams. Within the scope of the projects, named FunkIS, 
we will focus especially on the use of X-ray images which are 
used as a basis for decisions about operations.  
As a part of the work we will try to render the images both 
visually and haptically to see if the haptic output gives any added 
value when it comes to collaboration and decision making. 
Among other things, you should be able to feel the difference 
between tumors and the real tissue.  
Rendering images of this complexity haptically of course poses 
several challenges both on the actual programming and the early 
design and planning. We have not sorted out how to do the early 
prototyping and programming yet, so discussions about it with 
other practicians should prove to be interesting and fruitful. 
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Workshop documentation 
Charlotte Magnusson, Stephen Brewster 

The materials used in this workshop can be seen in the picture below. They were purchased in ordinary 
department, hobby and toyshops.  

 

One very useful item turned out to be the small, but strong magnets included. Some things that were 
found to be missing were: 

• Fast glue 

• Velcro 

• More particles 

• Stronger metal wires 

• More sounding stuff 

• Small active things like vibrators or sound sources 

• Everyday objects 

• Materials that behave in weird ways 

• Second hand shop things (cheap electric machines etc) 

The practical workshop part was done in four groups. It resulted in several prototypes which are shown 
in the pictures below.  
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The work showed that one can use this type of lo‐fi work for concept work and to actually test 
functionality.  The prototypes above included the “walk with the wind navigator”, the iBall for throwing 
music, emotional interfaces (mobile and stationary), a navigation ball, an eyes free music player and 
haptic breadcrumbs.  

The materials define what you think. Trying to map functions to different material properties help you 
think “out of the box”.  The physicality is important – eg. it makes a difference when you put things on 
the arm (instead of just imagining what will happen).  It is also important to note that how you do this 
depends on what you want to do – thinking out of the box exercises with designers has to be different 
from user workshops (where users provide feedback about what they want and need). You need to 
consider the situation – being situated can make a lot of difference. This indicates that at least good 
scenarios are an important part of most lo‐fi exercises.  

Given this, the workshop showed that lo‐fi prototyping can be a very useful component in any 
design/development process – and we hope that this workshop provided a step on the way to a better 
understanding of how to do this. We summarize our experiences in the following guidelines. 

Guidelines 
• Have a clear idea of what you want with your prototyping. 

• Think about what kind of responses you want (the level of “polish” changes the feedback) 

• Use as many materials as possible. 

• Get together a good mix of people. 

• Put effort into making good scenarios. 

• Build up a wide collection of materials. 

• Use wizard of oz to prototype advanced functionality. 

• Have fun! 
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More pictures from the workshop can be found at 
http://www.flickr.com/photos/24420490@N08/sets/72157608986634676/ . 
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