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Abstract.  This paper reports 2 case studies where Auditory Feedback was used 
to reveal interaction in co-located collaborative settings.  As users collaborated 
with a range of mobile devices sharing small and large displays, multiple foci 
of attention emerged. As users needed to be aware of each other in order to col-
laborate, sound emerging from different locations and devices was used to re-
veal and structure interaction around the physical space and help users to be 
more aware of the collaborative background activities. 

1   Introduction 

Auditory Interfaces (AFs) are a fundamental part of designing usable, multimodal and 
multi-sensory interfaces [4]. With the development and adoption of mobile devices 
such as Personal Digital Assistants (PDAs), Smart Phones (SPs) and other portable 
technologies (such as music players), sound is not only used to support visual inter-
faces for basic background un-attended notifications. There are an ever increasing 
number of applications that use auditory interfaces that go beyond using sound just as 
a background feature, such as audio-based experiences [2] or audio based haptic 
feedback [3]. 

The PDA and SP user experience can be enhanced with auditory interfaces in or-
der to provide alternative and complimentary information, interaction and notification 
channels. As PDAs and SPs have a reduced set of input/output capabilities compared 
to a desktop computing environment and can be used in different contexts (i.e. on the 
move), it is necessary to think about designing interfaces that are not 100% visual-
centric (like the desktop) and exploit multimodalities such as sound input and/or 
output [7]. 

However, the potential use of AFs has its limits. On the one hand, speech based 
interaction requires more mental resources and can be slower than visual based inter-
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action [10]. On the other hand, when users are surrounded by other people (i.e. open 
plan offices/ or public transport), sound coming from other people's devices can be 
annoying and distracting. In physical shared spaces, the use of sound should be re-
stricted (i.e. do not use speech as input and use headphones for speech output) or 
suppressed by enabling alternative alerting channels such as vibration. 

Besides these basic “common sense” and “politeness” guidelines for the use  of 
AFs in public or semi-public co-located spaces, there is little work that reports on the 
use of auditory interfaces in shared multiuser spaces. Recent work based around 
shared public-displays (i.e see [5]) focuses mainly on exploring the visual aspects of 
the interaction (as  happened previously with the desktop based interfaces).  

For instance, in terms of sound output, Müller-Tomfelde designed custom sound  
feedback to enhance interaction and awareness of other peoples’ interaction whilst 
using large and small public displays [8]; in terms of input (speech recognition), 2 
users using speech and PDAs as an input had to carefully co-ordinate when they were 
talking to the “machine” and when they were talking to other each other [9]. 

In co-located collaborative settings where users have to work towards shared 
goals, the sound “ambience” result of the byproduct of interactions (i.e. moving in the 
physical spaces, pressing buttons, etc) provides foreground and background feedback, 
helping individual users to coordinate their own actions towards the shared goals [6]. 
In this paper, we present briefly 2 setups where AF was used to support and structure 
shared interaction.  

As both setups provided multiple points of attention (i.e. the big screen, the small 
screens, the users talking, the devices, etc, see Fig 1 and 2), AF, combined with visual 
feedback was used to provide a sound aura of “what was happening” with the system, 
the space and other users, revealing the structure of the interaction. 

In this case, the concept of sound used as a (private and personal) minimal atten-
tion interface is extended towards multi-user settings, where the minimal attention 
interfaces apply to all users and are shared. Although the areas of application were 
different, both set-ups shared several characteristics in common: 

- The systems were designed to support from 2 to 4-5 users, each one with a 
different or similar sort of device. 

- Both systems supported synchronous/asynchronous interaction, where dif-
ferent users could interact at the same time or in a sequential manner, or dis-
crete/continuous, where interactions would be one-off or required some time 
to process.  

- Both systems allowed overlapped interactions, where one, two or more tasks 
could be active at any single time. 

- Multiple attention points. Users have to balance their own interactions and 
collaboration with others. 

2   The Tangible Set-Up 

With the Tangible Set-Up (TS), children could create and retell stories. The TS 
used KidPad, a Storytelling platform based on a zoomable canvas where contents 
could be dropped and organised into sequences. By means of linking and zooming 



and multimodal interaction, children could create and manage narrative structures. 
Children could create content with a PDA and “drop it” into KidPad, drawings could 
be made with pen and paper and could be scanned in, pictures uploaded using a web-
cam, sounds recorded or a picture book with all the content previously recorded could 
be printed out. For more information about Kidpad and TS see [1]. 

 
Fig. 1.  The Tangible Set-Up 
 
The TS had almost 20 devices in total (input and output, Fig.1 left side) and al-

lowed any multi-modal interaction to be executed in any order, and children (for 
example) could drop the content of a PDA into KidPad, while the scanner was scan-
ning and at the same time while another child was taking a picture with the webcam. 
With the tools available, children cold arrange the content into a story as it was cap-
tured. Each operation could last from 3-4 seconds of taking a picture with the web-
cam, ~10 seconds to get the picture from the PDA (via the infrared transmission), 40-
50 seconds of the scanning, to 1 min or more for printing out the stories (depending 
on the number of scenes).  

Fig 1 (right side) illustrate a typical use of the TS. Top left first (Frame Num. 1), 
clockwise: Children discuss, plan and create content using PDAs and pen and paper; 
Then (F. Num. 2) a child walks to the scanner and starts scanning the content; while 
she waits for the scanner to finish, the other children carry on performing other tasks 
(Frame Num. 3); Once the scanning process is finished, the drawing pops up on the 
KidPad canvas and children could arrange the content into a story (Num. 4). 

During the slack time that the system was busy processing, capturing or printing, 
children carried on interacting with the system and with each other in order to co-
ordinate their actions (i.e. Fig 1, frame Num. 3). As the components were physically 
distributed, the main focal point of attention was the KidPad canvas with sub-focal 
points of attention around the other devices and the other children. The physical dis-
tribution of the interfaces (Fig 2) and the physical interactions of children “moving 
around” brought partial awareness of what was happening as a by-product of the 
interaction itself. 

In order to be provided with more feedback in terms of when the devices were 
busy, the set-up implemented two layers of feedback, one layer local to each device, 
and another layer global to KidPad. The layers were organised in terms of physical 
location and distinctive sounds characteristics. It was very important that children 
could understand what the TS was doing and what the other children were doing in 



order to interact efficiently with the TS by simply looking, or by simply “listening 
around” while they were engaged with content creation or other tasks. 

 Different feedback layers meant breaking up the physical space into interac-
tion/attention areas and bringing awareness of when they were active to the users in 
other interactive areas. 

Each device implemented a different and distinctive sound to indicate its status. 
For instance the scanner had a pair of speakers that produced a sound while it was 
busy scanning. As the scanner was located around one of the sides of the screen, the 
sound could be localized to that area. The other components such as the WebCamera 
or the PDA drawing upload implemented similar localised configurations with 
enough physical separation so that children could easily locate the sound and con-
struct a mental model of the TS. KidPad drove an extra set of speakers localised 
above the display . While the devices were busy, icon based visual feedback (shown 
on KidPad) was displayed as well. 

A group of 4 children familiar with the individual components but not with the 
configuration of the TS used it during 3 sessions with the task of creating and retell-
ing stories. The level of collaboration and multi-tasking observed from the first to the 
third session increased. During the first session children relied more on talk-
ing/observing to each other in order to collaborate. By the third session, it was ob-
served informally that children were coordinating their actions less on talking and 
more on observing and listening to the AF. 

3   De-coupled Interaction Setup 

In the De-coupled Interaction Setup (DIS), the task was to visualise and interact 
with an interactive 3D environment of a car and discuss among the participants about 
possible styling changes (such as the outside colour or the interior using a shared 
display). The 3D environment was highly interactive and supported a number of 
animations and modifications to the car (i.e. change textures/colours), so that users 
could interact and visualise those changes in real time and review and discuss the 
styling options. Large interactive 3D visualizations are often used for multidiscipli-
nary team meetings and discussion (Fig 2, Frame Num. 1&2).  

In the TS, the devices used to enter content into KidPad were localised around or 
near the main display. With the DIS, all the interaction occurred detached from the 
main display and users could use PDAs (Fig 2, F.  Num. 3), desktop based interfaces 
(Fig 2, F. Num. 4) or 2D/3D input devices to interact with the environment. 

The DIS supported a different range of operations (continuously navigating the 
environment or discretely changing the colour) that made each device more suitable 
for a specific task. For example, while a user moved the current viewpoint with the 
2D/3D input device (a wireless gyroscopic mouse, Fig 2, Frame 1), another user 
could trigger via a PDA the “Open Doors” animation (Fig 2, F. Num 3) while another 
one could take “screenshots” of the car with a PDA, and yet another user could man-
age the desktop interface of the created media.  These media materials could be used 
afterwards via an intranet as a visual archive of the meeting and to encourage further 
discussion. 



 
Fig. 2.  DIS. 
The diversity of the interfaces and interaction techniques made it possible that each 

user could take a specific interaction role in order to perform the different tasks. The 
“work load” of interaction could be distributed and delegated among the participants. 

Feedback was available as well via visual icons on the main display. For instance, 
when a user selected “Take Screenshot” from a PDA, an icon was shown on the dis-
play, and sound feedback was generated from the PDA. In the case of the “video 
recording” functionality, the PDAs produced a continuous sound while the recording 
was activated so that other users could be aware of the functionality being engaged 
and who triggered it. 

Although the design approach of the sound feedback was similar to the TS (two 
layers, one global to the main display and another localised to the mobile devices), in 
this case the PDAs generated their own sound feedback. Each device had a unique 
and distinctive sound in order to facilitate device differentiation.  

For example, the desktop user in Fig. 1 F. Num. 4, was not directly facing the main 
display (Fig1. F. Num 5). However, she could co-ordinate her actions thanks to the 
sound and visual feedback produced by the whole set-up. 

4   Conclusions 

This paper has briefly presented the approach to integrate and design user-scalable, 
localised and layered AF to multi-user and multi-device shared displays. We ex-
ploited minimal attention AF based interfaces and explored its use in multi-user set-
tings. 

When interacting, users took different interaction roles and created dynamically 
different attention zones within the space. Users needed to be aware of each other and 
each zone and needed to know the status of the system to effectively collaborate  

AF was used to reveal interaction within the different zones and to notify the other 
users of what  was happening. AF helped to create an audio “aura” that connected the 
different zones. The AF also helped to reveal the structure and flow of  interactions 
for all users. With the use of the AF, users required less foreground attention towards 
the environment (visually) and could rely on background AF as well to be aware of 
the others. 



During the iterative design, development and evaluation of the set-ups, we infor-
mally observed that the approach of introducing  shared and layered AF channels 
facilitate collaboration.  
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