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Abstract

This paper presents three efforts to support chil-
dren engaged in mobile and nomadic learning
both in and out of the classroom. The HyCon-
Explorer is a mobile, context-aware hypermedia
system developed to help pupils access and pro-
duce digital content during project work in the
field. The eBag is the equivalent of an electronic
school bag and provides pupils access to their
digital materials through large public displays.
Seamless proximity based login to the eBag is
handled by a Bluetooth sensory system moni-
toring the children’s mobile phones. Finally, we
present PP2P, a peer-to-peer framework for mo-
bile devices to discover and utilize other (sta-
tionary) devices in the user’s surroundings while
mediating a feeling of direct and concrete inter-
action between the communicating appliances.

1 Introduction
Mobile computing has over the past 15 years be-

come increasingly widespread, not only in the
laboratories where it originated, but outside,

where most people today carry devices support-
ing (at the very least) multi modal communi-
cation and often with computational resources
available only in desktop computers a few years
back. These devices provide a whole new way
of working and thinking about what we can do
with computers and how computers can help us
in our daily activities.

This paper describes the work on mobile com-
puting done within the auspices of the Interac-
tiveSpaces' research group. Our work has fo-
cused on different aspects of mobile work, pre-
dominantly with school children as users, as they
are both challenging users and eager adopters of
new technology. We have with the systems de-
scribed herein explored some of the aspects of
nomadic work.

The HyConExplorer [3] allows nomadic users
to access and produce in situ information. The
HyConExplorer is a GPS based system avail-
able for tablet PCs and Java Smart Phones. In
contrast to the HyConExplorer, where the in-
teraction takes place on a mobile device, the
eBag system [5] supports mobile people through
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stationary, public displays for data manipula-
tion and presentation. Personal Bluetooth IDs
are used for seamless, proximity based login in
the eBag system but focus is here on support-
ing local mobility [8], typically within the school
building. The physical peer-to-peer (PP2P) sys-
tem combines the two approaches and supports
mobile users carrying mobile equipment to dis-
cover and communicate with stationary devices
in their vicinity and thus focus on both mobile
people and their mobile equipment.

2 HyConExplorer

The HyConExplorer is a mobile context-aware
hypermedia system built to support users in
browsing, searching, and annotating the physical
world. The system is designed to let school chil-
dren and others working in the field access and
produce situated information related to their
context. The HyConExplorer is implemented on
top of the HyCon framework and runs on tablet
PCs and J2ME enabled Smart Phones. The Hy-
Con framework is logically divided into four dis-
tinct layers for storage, services, terminal appli-
cation, and sensor input [4, 7].

Like other location- and context-aware hyper-
media systems [1,6,9] the HyConExplorer aug-
ments the physical space with digital structures
and lets users access information associated with
their context. The HyConExplorer data model
supports linking of information to any digital
or physical object which can be identified (e.g.,
by URLs, RFIDs, or GPS (z,y)-coordinates).
Thus, the system can anchor Web pages or user-
created annotations to physical locations and
can be thought of as providing overlays of sit-
uated information on maps of cities and places.

However, the HyConExplorer is more than

just a context-aware browsing and navigation
system. As a context-aware hypermedia tool,
the system supports users in creating rich me-
dia annotations (with photos, videos, and au-
dio clips recorded on the tablet PCs and Smart
Phones), links, and guided tours through infor-
mation resources automatically tagged with cap-
tured context information (GPS (z,y)-coordina-
tes, time, and creator information is used in the
current prototypes) for later retrieval. The an-
notation functionality provided by the HyCon-
Explorer supports users in creating in situ docu-
mentation which can be shared with other users
visiting the same place at a later time. The
HyConExplorer has been used in this way by
teachers and pupils during field trips (see [3]).
Web pages and documents created by the teacher
were linked to locations prior to the field trip;
and a suggested path through the locations was
created in the form of a guided tour. The pupils
could then follow the tour in the field, investigate
the linked resources, and add their own findings
as annotations commenting on the teacher’s ma-
terial. Figure 1(a) depicts pupils working on an
assignment in the field with the HyConExplorer
tablet PC prototype.

Novel to the HyConExplorer is a reverse
geo-coding technique termed Geo-Based Search
(GBS). GBS performs background searches on
the Web for information related to the user’s
changing contexts. To find Web pages covering
both a topic of interest and the particular geo-
graphical area the user is located in, GBS com-
putes postal addresses from GPS coordinates
and combines these addresses with user supplied
keywords to form search strings appropriate for
the Google search engine. GBS supports real-
time, context-sensitive integration of Web infor-
mation and allows relevant search results to be
linked to the user’s physical location and further



Figure 1: Two examples of school children engaged in mobile work: Figure 1(a) shows pupils
in the field browsing, searching, and creating documentation with the HyConExplorer prototype.
Figure 1(b) shows pupils engaged in group work using the eBag system.

annotated. For an in-depth discussion of the Hy-
Con GBS implementation see [4].

3 eBag

The eBag [5] can be seen as a digital counter-
part to each pupil’s physical school bag, and
its purpose is to serve as a personal, digital
repository in which pictures, video, music, text
documents and other digital material for use
in and outside the school environment can be
placed. As modern education includes working
with project oriented assignments, the eBag also
supports group collaboration by sharing of ma-
terial and mechanisms for activity awareness be-
tween group members. A key property of the
eBag concept is that each pupil do not carry
a laptop, but instead uses the infrastructure of
the classrooms or project rooms to access, ma-
nipulate, and produce digital materials (see Fig-
ure 1(b)). This way of working can be described

as nomadic work, where the pupils work in the
digital oases of their environment. This is con-
trary to traditional mobile work where the pupils
carry all their digital material with them on mo-
bile devices (laptops, PDAs, etc.). To support
this kind a nomadic work our eBag prototype
includes a context-aware sensor layer, which sup-
ports proximity based login and logout.

Similar to the HyConExplorer the eBag pro-
totype is built as an application upon the Hy-
Con framework. A brief overview of the eBag
infrastructure is presented here, for a more de-
tailed description see [5]. We use a data-
base management system (MySQL) for persis-
tent storage of eBag profile information such as
owner name, eBag icon picture, password, reg-
istered Bluetooth devices, friends list, digital
repositories, and more. Initially we have used
a WebDAV server as our repository back-end for
the actual digital content of the eBag, but this
can of course be supplemented by other digital



repositories such as online photo albums, dedi-
cated music or video web services, and the like.

The server layer implements the communica-
tion interfaces that modify the eBag profile in-
formation, and supports an awareness service be-
tween members of a project group by allowing a
member to update his or her eBag profile with
a status message (e.g., “in the library” or “in-
terviewing the shop owner”, etc.) directly from
the eBag prototype application or by sending a
SMS message from his or her mobile phone to
our SMS gateway.

The terminal layer of the eBag prototype im-
plements the GUI which the pupils are interfac-
ing with. The eBag is initially presented with
an eBag icon which can be activated to open the
eBag and access the actual content.

A key feature of our sensor layer is the use
Bluetooth sensor equipment which allow us to
control the signal power for the inquiry. Thus,
the signal power can be regulated to a certain
distance (one meter, two meters, etc.) and only
the Bluetooth units within this proximity will be
discovered. We use this in the eBag prototype
to provide a login (and logout) mechanism for
the eBag. Each pupil is given a Bluetooth mo-
bile phone, and the Bluetooth ID of the phone is
registered with the pupil’s eBag profile. When a
registered phone is discovered by one of the Blue-
tooth sensors, the pupil’s corresponding eBag
icon is presented on the display associated with
the Bluetooth sensor. Proximity based login has
many advantages, particularly in highly mobile
and nomadic situations and it makes interaction
with a changing range of computers more natural
and direct.

4 Physical P2P (PP2P)

Mobility gives you access to many chance inter-
actions, but only if you recognize the possibilities
in a given context. To let devices present the user
with (digital) possibilities in his or her surround-
ings we have developed an application frame-
work for applications acting as data producers
and data consumers in a peer-to-peer fashion.
Any kind of sensing device—thermometer, cam-
era etc.—can register itself as a producer of in-
formation in the P2P network. Devices that can
handle these data types register themselves on
the network as consumers of data; printers and
displays could be consumers of JPEG images
while stereo systems would accept MP3 audio
files.

The framework supports automatic discov-
ery of peers and pairing of peers, that is, con-
sumers and producers which support the same
data types. Consumer services are categorized
by their capabilities when presented to a pro-
ducer client: In the previous example, the cam-
era would present the user with a list of avail-
able displays and printers found on the network;
consumers of other data types would have been
filtered out.

We have built the framework upon the Java
implementation of the JXTA? protocol, which is
a well-known P2P framework. Other P2P pro-
tocols may be used.

The basic idea in P2PP is that consumer
devices advertise their capabilities by a simple
string, composed of a device type and MIME
type. The device type could be e.g., AudioPlayer
or Printer. Depending on the device type a suit-
able MIME type designates what kind of data
the device consumes. The use of MIME types
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for advertising capabilities is inspired by Barton
et al. [2]. Consumer devices are grouped using
the JXTA groups mechanism. Producer devices
can search for consumers by searching for devices
accepting the MIME type it produces. The re-
sult to such a query is a list of device groups.
The user can then select a group and get a list
of devices within that group. Improving the re-
turned list could be done using Bluetooth (or
WiF1i) signal strength (as described in Section 3)
to situate the consumer devices and the producer
device; this would allow us to filter out consumer
devices that are not within the users context; a
suitable definition of context rests upon the ap-
plication built on top of the PP2P framework.

We have made several small applications in
the framework.

5 Conclusion and Future Work

An interesting direction for future work on the
three described projects HyConExplorer, eBag,
and PP2P will be on integrating them. Thus,
supporting access to the content of the eBag di-
rectly from the HyConExplorer, so digital mate-
rial from ones eBag could easily be fetched and
associated with physical locations. When work-
ing in an in-door school environment, access to
trails or annotations made with the HyConExp-
lorer via the eBag would be useful, and extend
the idea of the eBag as a personal digital repos-
itory. PP2P as the underlying communication
layer for the HyConExplorer would allow field
work where each device would not have to upload
to a central server, but instead could distribute
the gathered information and let the device with
highest bandwidth connect to the server, or wait
until being back home at the school to transfer
the gathered information.

Acknowledgments

The work on the HyConExplorer has been
funded by the Danish National Center of IT re-
search through ContextIT (Project #333). Con-
textIT is associated the Center for Pervasive
Computing®. The work on the eBag has been
supported by Center for Interactive Spaces, ISIS
Katrinebjerg (Project #110).

References

[1] G. D. Abowd, C. G. Atkeson, J. Hong,
S. Long, R. Kooper, and M. Pinkerton.
Cyberguide: a mobile context-aware tour
guide. Wireless Networks, 3(5):421-433,
1997.

[2] J. Barton, T. Kindberg, H. Dai, N. B.
Priyantha, and F. Al-bin-ali.
Sensor-enhanced mobile web clients: an
XForms approach. In Proceedings of the
12" International World Wide Web
Conference, pages 80-89, Budapest,
Hungary, May 2003. W3C, ACM Press.

[3] N. O. Bouvin, C. Brodersen, F. A. Hansen,
O. S. Iversen, and P. Ngrregaard. Tools of
contextualization: Extending the classroom
to the field. To appear in Procedings of the
Interaction Design and Children 2005
conference (IDC 2005), 2005.

[4] N. O. Bouvin, B. G. Christensen,
K. Grgnbak, and F. A. Hansen. HyCon: A
framework for context-aware mobile
hypermedia. The New Review of
Hypermedia and Multimedia, 9:59-88, 2003.

3http://www.pervasive.dk/



[5]

C. Brodersen, B. G. Christensen,

C. Dindler, K. Grgnbak, and

B. Sundararajah. eBag—a ubiquitous Web
infrastructure for nomadic learning. In
Proceedings of the 14" International World
Wide Web Conference, Chiba, Japan.

K. Cheverst, N. Davies, K. Mitchell,

A. Friday, and C. Efstratiou. Developing a
context-aware electronic tourist GUIDE:
some issues and experiences. In Proceedings
of the SIGCHI conference on Human
factors in computing systems, pages 17-24.
ACM Press, 2000.

F. A. Hansen, N. O. Bouvin, B. G.
Christensen, K. Grgnbeaek, T. B. Pedersen,
and J. Gagach. Integrating the Web and
the World: Contextual trails on the move.
In D. de Roure and H. Ashman, editors,
Proceedings of the 15" ACM Hypertext
Conference, Santa Cruz, CA, USA, Aug.
2004. ACM Press.

P. Luff and C. C. Heath. Mobility in
collaboration. In S. Poltrock and J. Grudin,
editors, Proceedings of ACM 1998
Conference on Computer Supported
Cooperative Work, pages 305-314. ACM
Press, 1998.

G. M. Voelker and B. N. Bershad.

Mobisaic, an information system for a
mobile wireless computing environment &
engineering. In Proceedings of the Workshop
on Mobile Computing Systems and
Applications, pages 8590, Santa Cruz, CA,
USA, Dec. 1994. IEEE Computer Society.



