
An exploration of realtime programmable haptic & tactile structures for TUIs 

Helen Hasenfuss
Interaction Design Centre

University of Limerick
Helen.Hasenfuss@ul.ie

Keywords: Computer Science and Information Technology, Interface Design

Abstract
This research is in the domain of interactive interface  
design. The key objective of the research project is to  
develop  a  tangible  user  interface   (TUI)  that  can 
change  its  topological  appearance  according  to  the  
users requirements. This includes being independent of  
pre-defined  (micro-fluidics)  or  pre-programmed  
topologies.  Many projects have similar  aims however  
they  still  require  substantial  external  actuation.  By  
exploring  smart  fluids  (magnetorheological  or  
electrorheological  fluids)  as  well  as  Non-Newtonian  
fluids  and understanding  their  behaviour,  the  aim of  
this  project  is  to  examine  the  viability  of  creating  a  
man-made Non-Newtonian (NN) / smart fluid.

1. Introduction
Creating a man-made NN or smart fluid will provide a 
greater level of control and understanding as to how to 
build 3D relief structures most effectively. As illustrated 
by  Butera’s  PhD  thesis:  Programming  a  Paintable  
Computer, the use of  many small  particles  to  form a 
‘whole’ computer may offer a new and alternative style 
of computing. For example it would be possible to add 
more  particle-liquid  and  thus  increase  computing 
capacity as the user desires [1]. It may also be a path to 
furthering  an  infrastructure  that  encourages  more 
effective  compatibility  particularly  if  the  trend  is 
towards  object  networking  in  terms  of  Internet  of 
Things (IoT). Therefore the next stage will be to design 
a particle based on the concept of self-organisation and 
internal actuation.

2. Scenario
Consider the following scenario: a user at a university 
library sits down to use the computer. Scanning his/her 
library  card  across  a  flat  scanner  embedded  into  the 
desk indicates which language the user speaks. Next to 
the scanner, in front of the computer is an interface that 
has similar dimensions to a regular keyboard. Initially 
the surface is smooth, however after the user’s library 
card  is  scanned,  keys  rise  up  out  of  the  interface  to 
emulate a qwerty keyboard. Depending what language 
is  chosen  the  keys  are  in  the  appropriate  place.  For 
example  when  a  German  language  /  keyboard  is 
selected the ‘y’ and ‘z’ exchange places, when a French 
language / keyboard is selected the ‘a’ and ‘q’ exchange 
places. 
To elaborate  further  on this  scenario,  consider  a  user 
with  visual  impairment  who  intends  to  use  the 
computer / information desk. In this instance the keys 
rise up in the appropriate  language but also have  the 
appropriate Braille markings on the keys. 
This  example  predominantly  emphasises  how  a 
standardised tool such as a keyboard can be made more 

universally accessible & flexible. Whilst in a library it 
may not make as large an impact, in multilingual hubs 
(tourist  centres,  call  centres,  international  state 
buildings) a simple interface, which adapts to the user, 
enables the interface to become more transparent and 
allows the user to focus directly on the task [2].
It  also  supports  the  design  heuristics  as  defined  by 
Jacob Nielson, particularly in this case, that recognition 
is  better  than  recall  [3].  If  a  user  switches  between 
languages and keyboards, rather than getting the user to 
remember where the different keys are, an interface that 
can simply switch appearance & function. This supports 
the  ease  of  use  and  is  a  step  towards  enabling 
technology to adapt to the users rather than the reverse.

3. Work in Progress
Currently  naturally  occurring  self-organising  systems, 
which  are  adept  at  building  structures,  are  being 
examined. For example the ability of  Solenopsis (fire 
ants), to build temporary rafts in order to survive floods 
has  been  explored  [4,  5].  One  of  the  ants’ linking 
mechanisms is the tarsal claw. This has the potential to 
be a successful particle feature as it enables ants to lock 
onto each other and since it does not retract, must allow 
the ants to disconnect with ease.
Another  avenue  of  research  is  into  particle  designs 
based  on  geometric  spheres:  Hoberman  sphere, 
dodecahedron, etc.
These  two  sources  of  design  inspiration  also 
demonstrate different approaches to the construction of 
the structures required in the interface – additive and 
subtractive. 
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