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The Spoken Web
• Interactive 

telephone system

• Voice-driven 
alternative to the 
internet

• Developed by IBM 
Research (Delhi)
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Adding audio to 
printed media

• IVRs are audio-based, for good reasons:

• Compatibility, cost, literacy

• Printed media can be beneficial:

• Summary at a glance, easy navigation

• Can we connect these spaces?



Previous work

• Visualising existing IVR options (e.g., [Joshi et al])

• Image recognition for augmentation (e.g., Blippar, 
Shortcut, etc)



AudioCanvas

• Take a photograph of a media item

• Interact with audio from paired IVR service

• Two precisely positioned QR codes align 
physical objects so audio “hotspots” can be 
identified



Interaction

• Take a photo of the item using the phone’s camera
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2. Use the photo as a canvas 
to select areas of interest

3. Listen to information 
about the selected region
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Fig. 1. Interacting with the AudioCanvas system. From left to right: the user takes a photo of an item (1), which then becomes
a canvas to interact with audio content related to the object (2). Audio content is provided over the telephone system (3); no
data connection is required.

We saw an opportunity to connect these two spaces in a novel way, taking advantage of the fact
that while there is minimal access to internet-connected devices, in many underdeveloped areas
people own at least a low-end camera- or feature-phone (J2ME) [31]. Furthermore, smartphone
prices are becoming ever more accessible, which, in the near future, will provide many more people
with access to tools and services that are not available on less-sophisticated handsets.

This popularity of camera-enabled phones, coupled with telephone-based audio information
services, offers the potential for creating interactive audio photos. AudioCanvas is a fusion of
Interactive Voice Response (IVR) services and physical objects, as illustrated in Fig. 1. Our design
allows users to take a photograph of physical media and use it as a canvas for interaction with
related audio. The system automatically dials a remote telephone-based voice service, and allows
users to touch specific areas of interest on their own photo—titles, captions, adverts or images, for
example—to hear audio narration for their selection. Our novel design uses precisely placed QR
codes as reference points, allowing it to transmit the user’s touch coordinates via DTMF tones over
a standard phone line, and ensuring that the service can be used without an internet connection
in the contexts we describe.

1.1. Motivation and Novelty

Our motivation for creating AudioCanvas stems from the difficulties in locating information within
IVR services. Since these systems are entirely audible, hierarchical in nature and often recorded in
a host of different languages and dialects, a search function is almost impossible to achieve. Some
headway has been made in creating low-level tools for these primitive systems (e.g., [23], [26], [1]),
including some efforts to visualise them (e.g., TODO some ref here), but so far there has been no
designs that have focused on combining paper-based media with IVR content.

Our goal in designing AudioCanvas was to enable these widely-used IVR systems to be enhanced
with images which come augmented with specific hotspots for an extremely fine level of granularity.
This paper is a follow-up to our short note on the topic [25]. We describe here, a larger amount
of detail on our user evaluations along with an additional study at a third site. We also investigate
further uses of our technique in other contexts.

1.1.1. Novel Aspects. We believe that AudioCanvas offers several novel aspects over other ap-
proaches that aim to link audio to physical documents.

Requires no internet connection:. Our approach of transferring document and positional data via
DTMF over a standard phone connection ensures that no internet connectivity is required. This

ACM Transactions on Embedded Computing Systems, Vol. 9, No. 4, Article 39, Publication date: March 2010.



Interaction

• Use the photo as a canvas to select areas of interest
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2. Use the photo as a canvas 
to select areas of interest

3. Listen to information 
about the selected region
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Fig. 1. Interacting with the AudioCanvas system. From left to right: the user takes a photo of an item (1), which then becomes
a canvas to interact with audio content related to the object (2). Audio content is provided over the telephone system (3); no
data connection is required.

We saw an opportunity to connect these two spaces in a novel way, taking advantage of the fact
that while there is minimal access to internet-connected devices, in many underdeveloped areas
people own at least a low-end camera- or feature-phone (J2ME) [31]. Furthermore, smartphone
prices are becoming ever more accessible, which, in the near future, will provide many more people
with access to tools and services that are not available on less-sophisticated handsets.

This popularity of camera-enabled phones, coupled with telephone-based audio information
services, offers the potential for creating interactive audio photos. AudioCanvas is a fusion of
Interactive Voice Response (IVR) services and physical objects, as illustrated in Fig. 1. Our design
allows users to take a photograph of physical media and use it as a canvas for interaction with
related audio. The system automatically dials a remote telephone-based voice service, and allows
users to touch specific areas of interest on their own photo—titles, captions, adverts or images, for
example—to hear audio narration for their selection. Our novel design uses precisely placed QR
codes as reference points, allowing it to transmit the user’s touch coordinates via DTMF tones over
a standard phone line, and ensuring that the service can be used without an internet connection
in the contexts we describe.

1.1. Motivation and Novelty

Our motivation for creating AudioCanvas stems from the difficulties in locating information within
IVR services. Since these systems are entirely audible, hierarchical in nature and often recorded in
a host of different languages and dialects, a search function is almost impossible to achieve. Some
headway has been made in creating low-level tools for these primitive systems (e.g., [23], [26], [1]),
including some efforts to visualise them (e.g., TODO some ref here), but so far there has been no
designs that have focused on combining paper-based media with IVR content.

Our goal in designing AudioCanvas was to enable these widely-used IVR systems to be enhanced
with images which come augmented with specific hotspots for an extremely fine level of granularity.
This paper is a follow-up to our short note on the topic [25]. We describe here, a larger amount
of detail on our user evaluations along with an additional study at a third site. We also investigate
further uses of our technique in other contexts.

1.1.1. Novel Aspects. We believe that AudioCanvas offers several novel aspects over other ap-
proaches that aim to link audio to physical documents.

Requires no internet connection:. Our approach of transferring document and positional data via
DTMF over a standard phone connection ensures that no internet connectivity is required. This
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1. Take a photo of the item 
using the phone's camera
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2. Use the photo as a canvas 
to select areas of interest

3. Listen to information 
about the selected region
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Fig. 1. Interacting with the AudioCanvas system. From left to right: the user takes a photo of an item (1), which then becomes
a canvas to interact with audio content related to the object (2). Audio content is provided over the telephone system (3); no
data connection is required.

We saw an opportunity to connect these two spaces in a novel way, taking advantage of the fact
that while there is minimal access to internet-connected devices, in many underdeveloped areas
people own at least a low-end camera- or feature-phone (J2ME) [31]. Furthermore, smartphone
prices are becoming ever more accessible, which, in the near future, will provide many more people
with access to tools and services that are not available on less-sophisticated handsets.

This popularity of camera-enabled phones, coupled with telephone-based audio information
services, offers the potential for creating interactive audio photos. AudioCanvas is a fusion of
Interactive Voice Response (IVR) services and physical objects, as illustrated in Fig. 1. Our design
allows users to take a photograph of physical media and use it as a canvas for interaction with
related audio. The system automatically dials a remote telephone-based voice service, and allows
users to touch specific areas of interest on their own photo—titles, captions, adverts or images, for
example—to hear audio narration for their selection. Our novel design uses precisely placed QR
codes as reference points, allowing it to transmit the user’s touch coordinates via DTMF tones over
a standard phone line, and ensuring that the service can be used without an internet connection
in the contexts we describe.

1.1. Motivation and Novelty

Our motivation for creating AudioCanvas stems from the difficulties in locating information within
IVR services. Since these systems are entirely audible, hierarchical in nature and often recorded in
a host of different languages and dialects, a search function is almost impossible to achieve. Some
headway has been made in creating low-level tools for these primitive systems (e.g., [23], [26], [1]),
including some efforts to visualise them (e.g., TODO some ref here), but so far there has been no
designs that have focused on combining paper-based media with IVR content.

Our goal in designing AudioCanvas was to enable these widely-used IVR systems to be enhanced
with images which come augmented with specific hotspots for an extremely fine level of granularity.
This paper is a follow-up to our short note on the topic [25]. We describe here, a larger amount
of detail on our user evaluations along with an additional study at a third site. We also investigate
further uses of our technique in other contexts.

1.1.1. Novel Aspects. We believe that AudioCanvas offers several novel aspects over other ap-
proaches that aim to link audio to physical documents.

Requires no internet connection:. Our approach of transferring document and positional data via
DTMF over a standard phone connection ensures that no internet connectivity is required. This
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Fig. 3. AudioCanvas coordinate system. Left: coordinates within the photo that the user takes are calculated automatically,
based on the distance between the two QR codes, and their sizes. Right: the resolution of the coordinate grid (overlaid) is high
enough to allow zooming and precise selection. Touching a point plays the relevant audio (see Fig. 2).

the server and the relevant audio is played in response. The client is not tied to any particular remote
service; the phone number of the service to dial and the current object’s identifier are indicated
by the lower left QR code on the item.

4. EVALUATION

To test our new technique, we conducted user evaluations in three separate locations aiming to test
over a range of literacies, both textual and technological. The first study involved UK participants
who were familiar with smartphones, but unable to read the languages of two of the printed media
we provided (Kannanda and Korean). In this context, mobile internet connections are common,
and users have full textual literacy in their native language (English). We selected this user base
as a starting point for our evaluations to firstly get an idea of how well a such a system would be
received and also to iron out any potential usability issues with the software. Although this was
not the intended audience we are targeting with AudioCanvas, we do envisage certain situations
where this user base could make good use of the technique and is therefore still a worthwhile area of
investigation. For example, literate users may want to use AudioCanvas to translate documents or
packaging printed in other languages – particularly if they are abroad where current data-roaming
charges come at a high cost.

The second study we perfumed on AudioCanvas involved a South African user base. Participants
in this evaluation had some level of literacy in isiXhosa (the most widespread local spoken language)
but not in English – the language used on many local newspapers and packaging (and the language
we used as prototype media in the study). In this context, familiarity with phones, particularly
touch-screens, is less common, and there is a higher need for a phone line for audio retrieval (rather
than a data-connection). In this study, we anticipated issues relating to the use of smartphone devices,
as none of the participants we recruited had ever used one. We were unaware prior to the study,
however, how being semi-literate would affect the participants’ ability to locate audio hot-spots
within a document/object.

Finally, in the third study we tested the system with Indian participants who were largely illiterate
and unfamiliar with mobile devices. In this study we used items written in either English or Kannada,

ACM Transactions on Embedded Computing Systems, Vol. 9, No. 4, Article 39, Publication date: March 2010.



Benefits

• No internet connection required

• Client/media independence

• No specialist hardware (beyond 
cameraphone)

• Very fine level of interaction granularity



Evaluations

• 1: Semiliterate users, low smart phone 
familiarity, intermittent data access (SA)

• 2: Low-literate users, no smart phone 
familiarity, no data connections (India)



Evaluations



Evaluations

• Participants regularly found themselves in 
situations where they couldn’t read 
something

• Rated aspects of the system: 5.8/7 (India)

• Saw real value in the design



Evaluations

• Focus Groups (SA):

• “I’m asking myself how an 
article in English can be read 
in isiXhosa!”

• “[I am] fascinated by the 
isiXhosa sound coming out!”

• “I can see this as something 
that could really help me and 
empower people”



Conclusions

• Easily augment printed media with audio 
content

• No need to require data connections or 
media upload/download

• Can create new ways of interacting with 
audio-only services
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