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ABSTRACT
Audio interfaces for mobile and wearable computing are in an 
early  state  of  development.  User  studies  concentrate  on  the 
usability  of  audio  interfaces  as  means  of  interacting  with  a 
device but leave out the question of how an audio interface can 
aid  at  performing  a  main  task.  Studying  the  impact  of  audio 
interfaces  in  computer  aided  tasks  for  wearable  and  mobile 
computing  will  provide  guidelines  for  hands-free  interface 
design and information presentation. To be able to measure the 
performance  a  simulated  main  task  is  used  where  varying 
mental loads can be setup. Providing an index of difficulty for 
the  simulated task,  users  studies  will  reveal  how effective  an 
audio interface can be used to convey information to aid at  a 
task.

Categories and Subject Descriptors
H5.2.  Information interfaces and presentation (e.g.,  HCI):  User 
Interfaces – Evaluation/Methodology

General Terms
Design, Experimentation, Human Factors

Keywords
Audio displays, Steering Law, HotWire, User Centered Design, 
Wearable computing

1.PROBLEM STATEMENT
Augmenting  traditional  GUI-design  with  audio  elements  has 
been  subject  of  research  for  some  time.  All  findings  indicate 
that the use of audio can significantly  enhance the usability of 
interfaces  in  general  and  especially  improve  mobile  and 
wearable computing.

There  are  however  problems that  are not  present  at  traditional 
GUI design, e.g. the factor of annoyance that is always present 
when  using  audio.  Sound has  to  be used  carefully  as  it  is  an 
intrusive method of conveying information.

Wearable  computing is used for tasks where the (visual)  focus 
remains in the real world. If the wearable application needs the 
visual focus of the user techniques of attention grabbing have to 
be  used.  Attention  grabbing  by itself  can  be  unwanted,  cause 
errors  or  even  lead  to  injury  as  it  distracts  the  user  from 
potentially more important actions in the real world. In order to 
systematically analyze improvements by audio elements a main 
task reference is needed. In the real world,  a mobile or wearable 
interface  is  used  in  a  certain  context  such  as  traveling  or 
working on a task. Using real-world examples, like automotive-
assembly, is difficult to model in a laboratory environment. It is 
desirable  to  abstract  from  a  real  task  and  have  a  controllable 
physical load for evaluation.

The 'HotWire'-apparatus[4] has been used to study wearable user 
interface  design  by  providing  a  simulated  main  task  for 
reference.  The  setup  provides  a  repeatable  task  and  allows 
studying the effects of varying interface techniques for wearable 
computing. The basic setup of the HotWire-apparatus mimics a 
toy for training hand-eye-coordination. A hand-held tool with a 
metallic ring is moved along a bent metallic wire where the wire 
consists  of  individual  segments.  The  goal  is  to  not  touch  the 
wire  with  the  ring  and  each  touch  is  registered  by  using  the 
contact  as  an  electric  trigger.  Difficulty  and  postures  can  be 
modeled by the shape of the wire segments.

To  produce  comparable  results,  the  actual  difficulty  of  the 
modeled  task  has  to  be  estimated.  The  HotWire-experiments 
were modeled  after  the movements  of  workers  but  apart  from 
this, no model for the physical  and mental  load induced by the 
setup was formed. While it is obvious that a fixed setup can be 
used  as  a  reference  for  evaluating  changes  in  the  interface, 
changes to the setup cannot systematically be interpreted.

Modeling the difficulty of a simulated main task is therefore a 
key  element  in  evaluating  user  interfaces.  For  one-  and  two-
dimensional  tasks,  the  Steering  Law[1]  provides  an very good 
heuristic.  Given  a  tunnel  of  arbitrary  shape  and  width,  an 
estimation  of  the  time  needed  to  traverse  the  tunnel  without 
leaving it  can be calculated.  This model  has successfully  been 
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applied  to  GUI-design  where  moving  a  pointer,  e.g.  along  a 
menu  structure,  can  directly  be  modeled  by  tunnels.  The 
Steering Law provides an estimation of difficulty for trajectory-
based tasks allowing to compare them.

The  Steering  Law  can  however  not  be  applied  to  the  three-
dimensional  HotWire-task.  At  first  the  goal  of  the  task  may 
seem  very  similar  but  at  steering  no  physical  obstruction  is 
possible at the task. Navigating at the HotWire requires planning 
on the side of the navigator as moving (bending, stretching, etc.) 
might  be required  to  follow a path.  Also it  is  possible  to  get  
stuck with the tool used to navigate and to be unable to see parts 
of  the  path.  These  physical  problems  are  not  covered  by  the 
formalism used by the Steering Law.

Finding an index of difficulty for simulated tasks, in analogy to 
the  steering  law,  will  provide  means  of  comparing  and 
evaluating different interface approaches.

User studies with varying HotWire-setups will be performed to 
understand  the  factors  of  making  a  task  more  difficult  than 
another.  Wearable  interfaces  will  be  used  as  part  of  the 
evaluation  where  tasks  are  presented  to  the  participants  while 
performing at  the virtual  task.  The participants  performance at 
the simulated main task and the presented interfacing task will 
be analyzed to find a model of difficulty.

Having a model for difficulty for the HotWire-setup is the base 
for  being  able  to  model  real  world  tasks.  The  model  has  to 
represent  the  difficulty  of  real  tasks.  The  findings  gained  by 
using  the  simulated  task  in  interface  design  can  then  be 
transferred back to the real task to develop the actual interface. 
If the difficulty of the simulated task does not correspond to the 
task  in  question,  the  benefits  of  using  a  simulated  task  are 
valueless.

This aspect is to be evaluated by having participants perform at 
a  real  and  a  virtual  task  of  same  assumed  difficulty.  While 
performing  they  are  assigned  secondary  tasks  via  identical 
interfaces. If the difficulty is the same for both tasks, the same 
performance at the secondary task is to be expected.

The  goal  of  this  work  is  therefore  to  provide  a  methodical 
approach  at  evaluating  wearable  and  mobile  interaction 
techniques  in  a  realistic  scenario  but  in  a  laboratory 
environment.  The  main  focus  is  the  evaluation  of  auditory 
interfaces for wearable computing.

2.RELATED WORK
Stephen Brewster[2] experimented with augmented GUI-widgets 
where  audio  feedback  was  used  to  provide  additional 
information to the user. The main focus of the experiments was 
to  provide  ambient  information  to  the  user.  For  example  the 
process of clicking a button was attended by sounds to aid the 
user  at  determining if  the button was really  clicked.  The error 
recovery  time  was  significantly  reduced  and  the  subjective 
usability improved. Another exemplary experiment was the use 
of  audio  for  progress  bars  in  the  background  of  another 
application.  By  providing  auditory  feedback  on  the  progress 
users felt less stressed and could concentrate more on their main 
task.

Sawhey and Schmandt[3] created Nomadic Radio, a contextual 
audio  messaging  system.  It  was  an  experiment  in  wearable 

computing  using  3d spatial  sound to  provide  information  to  a 
user  while  avoiding  unwanted  interruptions.  Their  setup  made 
use of the so called 'Cocktail Party'-effect, the natural ability of 
the human auditive system to focus on one of many sources of 
sound.  In  order  to  avoid  unwanted  interruptions  sensors  were 
used  to  determine  the  context  of  the  user.  For  example, 
microphones were used to find out if  the user is currently in a 
conversation and should not be interrupted therefore.

John Accot and Shumin Zhai[1] extended Fitt’s Law and applied 
it  to  trajectory-based  HCI-tasks  that  are  found  in  traditional 
GUIs. They were able to show a linear relationship between the 
time  needed  to  navigate  a  given  path  without  errors  and  the 
width of that path. The steering law takes into account only the 
distance a pointing device was moved.  The actual curvature of 
the path can be neglected.  In the formalism,  each path can be 
assigned an index of difficulty that is used to predict the actual 
time needed.  Despite  being very simple,  the Steering Law can 
be  applied  to  traditional  GUI  design,  design  for  handheld 
devices using a stylus and physical tasks.

Hendrik Witt and others[4] introduced the HotWire as a primary 
task simulator. The apparatus enabled him to have an abstraction 
of a real-world task in a laboratory environment.  He conducted 
studies  on  user  interface  design  for  wearable  computing  for 
aiding a primary task. Using the HotWire, a fixed reference for 
physical and mental load, the methodical evaluation of interface 
elements  was  possible.  An evaluation  of  different  input-  and 
output techniques was performed including gesture  recognition 
and the use of audio.

Nicole Yankelovich et al.[5] created the SpeechActs systems,  a 
framework for creating speech user interfaces. They found many 
differences  between  graphical  and  speech  user  interfaces  and 
came to the conclusion that design principles cannot be shared 
between  them.  Additionally  they  were  able  to  derive  some 
principles  for  designing  a  speech  user  interface  in  order  to 
improve the usability of such a system.
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