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ABSTRACT

Recent developmentsin digital pen and paper solutions ena-
ble, not only the digital capture of handwriting, but also pa-
per to be used as an interactive medium that links to digi-
tal information and services. We present a tool that builds
on technologies for interactive paper to enable PowerPoint
presentations to be controlled from printed slide handouts.
Furthermore, slides can be easily annotated during presenta-
tions by simply drawing on the printed version of the slide.
As well as discussing the advantages of such a paper-based
interface and initial findings on its use, we describe how we
were also able to exploit it to provide a general prototyping
tool for interactive paper applications.

Author Keywords
Paper user interface, presentation tool, rapid prototyping,
pen-based input.

ACM Classification Keywords
H5.m. Information interfaces and presentation (e.g., HCI):
Miscellaneous.

INTRODUCTION

The affordances of paper make it superior to digital media
for many tasks[14]. One particular advantage of paper isthat
it is easy to annotate and, even though handwriting can be
captured on digital devices such as Tablet PCs, many users
still prefer to write on paper. Other advantages are that paper
is cheap, light, easily carried and can be viewed from dif-
ferent orientations. In contrast, digital displays still tend to
be relatively heavy, expensive and awkward to carry and the
user often has to position themselves directly in front of it
to view it clearly. For these reasons, among others, several
projects have investigated means of linking paper to digital
media and services so that each medium may be used when
and where appropriate for the task at hand [6, 17].

One particular scenario where we often see the two media
used in parallel isin giving presentations. Presentation tools
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such as Microsoft PowerPoint have become one of the most
commonly used computer applications and what we often
see is the presenter referring to a printed handout overview
during a presentation. Used alongside the laptop display,
such a document helps the speaker keep track of the presen-
tation and may be used to determine slides to skip under ti-
me pressure or locate relevant slides during discussions. Alt-
hough PowerPoint now offers the possibility that the laptop
shows a presentation overview while individua slides are
displayed on an external screen, some userstend to find that
too much information on the laptop screen is a distraction
and prefer instead that it mirrors exactly what the audience
is seeing. Notes are often written on a printed version when
preparing a presentation to serve as reminders or promptsto
the speaker. They may also be written during the presentati-
on to record questions and comments from the audience or
to note corrections to be made to the slides.

Recent technologies for the digital capture of handwriting
have now been adapted to also alow users to interact with
paper using a digital pen. Based on these technologies, it is
possible to develop paper-based interfaces that allow appli-
cations to be controlled from paper. We have developed a
very general and flexible framework to support the devel op-
ment of such applications and, in this paper, we describe a
tool that we implemented to enable PowerPoint presentati-
ons to be controlled from printed dlide overviews. Further-
more, slides can be annotated in a very natural way by dra-
wing and writing on the printed versionswith the digital pen.
We describe the implementation, showing how the underly-
ing framework can be used to provide paper-based interfaces
to control other applications. In addition, we show how we
could exploit PaperPoint to produce a general prototyping
tool for such applications and report on our initial findings
on the use of PaperPoint.

We begin with adiscussion of related work and then provide
an overview of our framework for interactive paper and the
digital pen and paper technologies on which it is based. We
then present the PaperPoint application in detail, including a
description of how we have used it to support the rapid pro-
totyping of interactive paper applications in general. After
describing the implementation, we discuss user experiences
and plans for future work.

RELATED WORK
A paper-based user interface addressing the issue of gi-
ving flexible presentations was investigated in Palette [9].
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In preparation for atalk, presenters create their dides with
PowerPoint as usual. After the digital slides have been pre-
pared, a special paper card is generated automatically for
each dlide. The Palette converter program reads the docu-
ment authored with the PowerPoint presentation software
and creates a new document with the Palette cards contai-
ning a thumbnail view of the dide's image, some optional
text notes, the slide’s number in the sequence of the original
presentation order and a visible barcode. Each digital slide
can be accessed and displayed on the computer screen by
holding the paper card under the Palette barcode reader. This
paper card-based access to a digital presentation enables a
flexible on-the-fly reorganisation of atalk by providing easy
random access to single sides and simplifies the composi-
tion of new talks based on card sets created for and used in
previoustalks. The paper cardsfurther offer spaceto directly
write down questions and comments asked during a presen-
tation. However, note that this paper card-based access to
single slides may also create problems during a presentati-
on in that it might sometimes be difficult to find the “next”
dlide.

A drawback of the Palette system isthat the intrinsic mobili-
ty of the paper cards becomesrestricted by the barcode scan-
ning device. To access a specific slide, the Palette cards have
to be placed under the barcode reader which has a fixed po-
sition. PaperButtons [12] overcomes this problem by exten-
ding the Palette system with “paper buttons’, i.e. electronic
buttons which can trigger different actions and are attached
to a piece of paper. Each paper card has one button that re-
placesthe barcodesused in the Pal ette system. After pressing
this button, a unique identifier is sent over a radio frequency
connection to areceiver that transfers the information to the
Palette application manager showing the appropriate slide.
The wireless solution solves the problem of restricting the
presenter to being in the vicinity of the barcode reader.

The same idea of having fast random access to digital in-
formation based on a paper user interface is addressed by
the Paperlcons project [13]. In Paperlcons, a printed clip
art book is used for fast random access to a digital clip art
gallery. While browsing a paper document, a user can pick
printed icons and drop them onto a pen-sensitive computer
screen. This pick-and-drop operation is suitable for appli-
cations where a user can, for example, select clip arts from
a physical book and integrate them into a digital presenta-
tion. The Paperlcons project uses CyberCodes, a form of
2D barcodes, to uniquely identify different document pa-
ges. To track a user’s selection defined by the pen’s position
within a single page, the document has to be placed on a
pen-sensitive tablet. An over-desk camerais used to read the
CyberCodes attached to document pages encoding the page
numbers. The page number resolved by this camera feed-
back is used in combination with the positional information
delivered by the pen-sensitivetablet to access the correspon-
ding digital object. Similar to the Pal ette system, Paperlcons
introduced some limitations in terms of mobility since the
clip art book has to be placed on afixed pen-sensitive tablet
to be identified by the over-desk camera and tracked by the
tablet.
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Real-world graphical user interfaces (RWGUIS) were intro-
duced by Masui and Siio [7] as paper-based interfaces for
arbitrary physical devices. Customised paper-based remote
controls can be defined by the user and accessed via the
FieldMouse [16], a specia reading device based on mouse
tracking technology measuring a user’s pointing position re-
lative to areferencelocation within a paper document. Masui
and Siio present an example of a paper-based TV volume
control, where a special barcode has first to be scanned and
then the volume of the TV can be controlled by simply mo-
ving the FieldMouse. The goal of the paper-based control is
to combine functionality from different control devices and
provide a flexible real-world graphical user interface which
can be easily customised.

More recently, various Tablet PC and PDA-based soluti-
ons try to enhance the presentation experience by providing
a pen-based user interface for digital ink annotations. The
Classroom Presenter system [2] is based on a Tablet PC and
enables presenters to annotate existing PowerPoint slides.
However, in terms of mobility, the weight of the Tablet PC is
still an issue. Other solutions integrating presentations with
digital annotations include the ZenPad [1] that was develo-
ped within the Classroom 2000 project as well asthe Pebbles
Remote Commander application that was implemented as
part of the Pebbles [8] project.

INTERACTIVE PAPER FRAMEWORK

Our interactive paper framework (iPaper) enables active are-
as, in the form of arbitrary shapes, to be defined on paper
documents. These active areas can then be linked to supple-
mentary digital information or services. Each time auser se-
lects a position within one of these active paper regions, the
corresponding link is activated and the associated link target
accessed.

The interactive paper framework is based on a client-server
architecture as shown in Figure 1. On the client side, a spe-
cial input device, for example adigital pen, is used to detect
(x,y) coordinates within an interactive paper document and
send these to a computing device such as aregular PC or a
PDA.. In addition, the input device has to identify the docu-
ment it isused on and the page number within this document.
The document’s identifier (ID) and page number together
with the positional information are transmitted from the cli-
ent to the server component responsible for further data pro-
cessing viaan HTTP request.

HTTP Request

ID, page, (X,
Encoded L(y)»

r &:5; Position
< Response .kipaper
. ULm DB
Interactive iPaper Client iSERVER
Document

Figure 1. Interactive paper framework
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The server side consists of our cross-mediainformation ma-
nagement component, called iServer, with an interactive pa-
per resource plug-in (iPaper). It is out of the scope of this
paper to describe the details of the iServer platform which
basically allows the definition of links between arbitrary di-
gital or physical resources. Further information about the
iServer platform and the interactive paper framework is pro-
vided in [15].

It is important to note that all operations on the server side
are completely independent of a particular paper, printing or
input device technology. The only information required by
the server is the document identifier, a page number and an
(x,y) position.

The input devices used for our most recent interactive paper
applications, including the PaperPoint presentation tool, are
based on digital pen and paper functionality offered by the
Swedish company Anoto [3]. The basic idea is to detect a
digital pen’s absolute position on a paper document. There-
fore, positional information is directly encoded on each pie-
ce of paper using a specia pattern of tiny visual dots. The
dot pattern results in a slightly grey page background with
minimal interference with the document’s content.

Any digital pen to be used in combination with Anoto en-
coded paper has to be equipped with a camera in addition
to the writing stylus to track the pen’s movement relative to
the paper surface. The pen’s buffer memory can then be used
to digitally recreate what a user has written on a paper do-
cument. The Magicomm G303 digital pen that we used for
the PaperPoint applicationisthefirst commercially available
Anoto pen that innately offersthe possibility to continuously
stream its data to a computer. Thus, we can use it as an in-
teraction device as well as for writing capture. Note that our
system does not use any existing Anoto interface elements
(pidgets) and is based purely on functionality provided by
the iPaper framework [10]. The Anoto technology was ori-
ginally designed for writing capture and form processing and
the authoring tool misses some of the features for interactive
paper such as multi-layered active areas that we consider im-
portant and are provided by our framework. The only com-
ponent provided by Anoto that we useisthe Acrobat plug-in
to generate and print the pattern. All the mappingsfrom acti-
ve paper areas to digital services are handled by i Server and

its iPaper plug-in.

As outlined in the previous section, there exist other techno-
logiesthat can be used to integrate paper and digital material.
For example, DataGlyphs [4] encode information in printed
artwork. Thisimplies that the glyphs can only be embedded
in paper regions covered by some artwork or they will in-
terfere with empty (white) areas. Furthermore, in contrast to
Anoto’s solution, DataGlyph technology is mainly used to
encode information on paper documents and isless suited to
handwriting capture due to its limited resolution. Note that
our interactive paper framework is not restricted to Anoto
functionality and can work with any position encoding tech-
nology by implementing a few input device interface clas-
ses. In addition to Anoto technology, we have worked with
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regular barcodes and RFID tags as well as a technology for
position encoding based on conductiveink developed within
the European Paper++ project [6].

In addition to the PaperPoint presentation tool introduced
in this paper, we have developed a variety of interactive
paper applications based on the iPaper architecture, inclu-
ding an interactive worksheet for the Natural History Mu-
seum in London, mobile tourist guides based on interactive
paper maps and event brochures and also the Print-n-Link
system [11] for the enhanced reading of scientific publica
tions. The set of realised applications covers solutions for
enhanced reading, enhanced writing, paper-based interfaces
and artistic installations. Detailed information about many
of these applications can be foundin [15].

PAPERPOINT APPLICATION

Inthis section, we present the functionality of the PaperPoint
presentation tool. Early in the design of the PaperPoint app-
lication, we decided that it should not replace existing pre-
sentation tools such as PowerPoint but rather provide a new
user interface for existing applications. Since PowerPoint is
the most widely used presentation tool, we decided to use it
as the basis for our paper-based presentation tool. It isim-
portant that no additional authoring effort is required to use
the tool and users can easily switch back and forth between
the paper-based and digital control of the application. The
paper-based interface is therefore provided as an optional
add-on and users are free to choose whether they want to use
it for a given presentation and they can also use it alongside
the regular PowerPoint presentation system.

We first describe the stepsinvolved in the process of creating
a PaperPoint presentation and then present specific functio-
nality available from theinteractive paper handouts. Thefirst
step in preparing a paper-based PaperPoint presentation isto
create the slides with PowerPoint as usual. The user does not
have to add any additional elements to the slides or choose
specific commands to make the slides ready to be used with
the paper-based presentation tool. It is only when it comes
to printing the handouts that an additional step is required.
Instead of printing the slides on blank paper, special prepro-
cessed paper sheets have to be loaded into the printer tray.
These PaperPoint template pages are numbered in ascending
order and have to be loaded into the printer tray in the cor-
rect order. On each of these PaperPoint template pages, we
print a unique Anoto pattern together with button shapes,
which later can be used to control the presentation, as shown
on the left hand side of Figure 2. The use of these template
pagesis the only thing that has to be changed in the produc-
tion process of a PaperPoint presentation. The handouts are
printed on the PaperPoint template page resulting in the in-
teractive paper handouts presented on the right hand side of
Figure 2. Note that, currently, we only support this specific
layout with six dlides but, as we discuss in the next section,
it would be a simple task to extend the range of supported
handout layouts.

Before giving a presentation with the PaperPoint tool, the
user has to specify the location of the PowerPoint file to
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Figure 2. Paper Point printing process

be used in combination with the interactive paper han-
douts. After starting the PaperPoint client, the corresponding
PowerPoint presentation is started and the i Paper client waits
for input from the digital pen. The user has a number of pos-
sibilities as to how they can use the paper handout to con-
trol the digital presentation. First of all, below the thumb-
nail of each dide, there is a ‘Show’ button providing easy
access to the corresponding digital slide instance as shown
in Figure 3. The printed slide handouts provide an overview
of the presentation with each slide embedded in the context
of itssurrounding slides. When auser selectsaslidefromthe
paper handouts, they always have avisual clue about the gli-
des to come next which helpsin building smooth transitions
between succeeding slides.

By touching the  Show’ button, the presentation immediate-
ly switches to the selected slide, enabling the user to quickly
skip to any slideregardlessof the presentation order. Compa-
red to the conventional PowerPoint user interface, the paper-
based PaperPoint control therefore supports a more flexible
way of giving presentations. The printed handouts provide
a perfect overview of the available slides and, without swit-
ching to PowerPoint’s slide sorter and interrupting the flow
of the presentation, dlides can easily be presented in a non-
linear order. The presenter can switch from one slide to any
other slide by simply selecting the corresponding ‘ Show’
button on their paper handouts without the audience being
aware that the slides are not presented in their original order.
Thisis very convenient not only in the case that some dides
have to be skipped because of time constraints, but also for
accessing specific slides while answering questions coming
from the audience or during discussions in meetings.

At the top of each PaperPoint handout page, there are ad-
ditional ‘Next’ and ‘Previous' buttons for giving linear pre-
sentations and a ‘First’ and ‘Last’ button to jump to a pre-
sentation’s first or last slide, respectively. In fact, one could
use only the ‘Next’ and ‘ Previous' buttonsresulting in a sli-
de controller similar to many wireless presentation remote
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controlswhich only allow the user to go one step forward or
backward in their presentation. In addition, the ‘Next’ and
‘Previous’ buttons can be used to control the different steps
within a PowerPoint animation. There is also a rectangular
areawith numbersranging from 1 to 60 providing direct ac-
cess to a specific dlide.

Figure 3. Interactive slide handouts

An evident benefit of the PaperPoint presentation aid is the
fact that the presenter no longer hasto stand next to acompu-
ter to control the slide presentation. The slides can be navi-
gated remotely by pen and paper via a Bluetooth connection
and this leaves the presenter with greater freedom in terms
of how they move with the space and interact with the au-
dience. However, many other devices such as wireless mice
or specia presentation aids also allow presentations to be
controlled remotely and therefore thisis not a unique feature
of the paper-based user interface. The fact that it also offers
an easy way to annotate slides during the presentation, even
remotely, is an additional major benefit.

In highly interactive situations such as meetings and tutori-
als, it is often useful to be able to annotate existing content
or record new content as part of the discussion. This may
form the basis for brainstorming or reacting spontaneously
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to questions raised. The blackboards and whiteboards which
support such interactions are increasingly being replaced
with screens designed to show PowerPoint presentationsthat
aretypically prepared in advance and rather static. With the
PaperPoint presentation tool, we bring some of the func-
tionality or properties available on atraditional blackboard
back to digital presentation tools.

As soon as a presenter starts to annotate one of the slides
on the paper handouts by writing within the rectangular box
surrounding the slide, the presentationimmediately switches
to the corresponding digital slide with a response time of
less than half a second. The written information is digitised
and immediately integrated into the digital presentation by
adding it to the appropriate slide. This functionality can be
used, not only to highlight existing parts of a slide, but also
to add textual information or sketches. An example showing
the annotation of a slide is shown on the left hand side of
Figure 4. The presenter has written some comments next to
the image describing the different components, i.e. ‘earpie-
ce', ‘booklet’, ‘map’ and ‘digital pen’. All the strokes are
captured by the digital pen and integrated into the corre-
sponding digital slide in real-time as outlined on the right
hand side of Figure 4. We have observed that some presen-
ters also use the annotation functionality as a substitute for
the ‘Show’ buttons by just pointing somewhere within the
dlide area without leaving any further traces but forcing the
annotation service to switch to the corresponding digital sli-
deversion.

Note that technically the ink traces left on paper buttons
are not a problem since they do not interfere with the Ano-
to pattern. The digital pens based on Anoto functionality
work with an infrared light source to detect the black Anoto
dot pattern. This implies that any non-black colour can be
used to draw onto the Anoto pattern and the infrared camera
will still detect the pattern on colour covered areas. The sa-
me robustness is available for the blue ink provided by the
pen’s writing stylus. Therefore, the user cannot destroy any
paper-based functionality by writing on the command but-
tons since the pen can also detect its position on ink covered
regions. However, if apresentationis given several timesand

marks or annotations become disruptive, a new handout set
can easily be printed before the next instance of the presen-
tation.

Although the highlighting of specific parts of a dlide could
also be done directly in the digital dide version, amajor ad-
vantage of the paper-based presentation control is the fact
that spontaneous annotations can be done more easily and
naturally than by switching to the PowerPoint authoring
view. Of course, it is aso possible to draw on slides using
existing technologies such as a computer mouse. However,
not many people use this functionality since the mouse was
not really invented as a writing tool and it is almost impos-
sible to write text on a slide using a mouse. While other so-
[utions based on awriting stylus and screens offer a signifi-
cant improvement over the use of amouse, it is still the case
that many users find writing on a screen much more awk-
ward than on paper and these tools are not widely used. Our
PaperPoint application brings this functionality back to the
appropriate tool for creating handwritten annotations—pen
and paper.

While it is convenient to annotate an interactive paper han-
dout lying on aflat surface, it becomes much harder to write
on the flexible paper sheets while walking around in a con-
ference room or lecture theatre. Therefore, we have found
that many PaperPoint users put their slides on a robust clip-
board, as shown in Figure 5, enabling them to write on the
dlides while on the move. However, the clipboard is an op-
tional tool and we have used different formats in different
situations, for example individual paper sheets in meetings
and cardboard in mobile environments.

Figure5. Clipboard with paper controls
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In Figure 5, we can see another advantage of the paper user
interface. Users can cut out some of the paper widgets and
use them to build a customised interface by rearranging the
paper snippets and sticking them on a flat surface. For ex-
ample, the user of the clipboard shown in Figure 5 has ad-
ded some genera controls to their clipboard which allows
them to navigate a presentation even if no printed overview
isavailable by just clicking on the ‘Previous and ‘Next’ pa
per buttons. This works because the active areas defined on
the paper templates are bound to specific functionality such
as going to the next, first or last slide. In this way, users can
build their own customised interfaces without even having
to use a computer or do any programming.

To support this customisation of paper-based interfaces, we
provide special empty PaperPoint stickers, covered only
with the Anoto pattern, that are linked to specific digital ser-
vices. Figure 6 shows a sheet of PaperPoint stickers that are
all linked to the command that shows a specific slide. Similar
stickers are available for the ‘Next’, ‘ Previous' and all other
commands. A user can design their own user interface by pa-
sting the empty stickers on a surface—for example a blank
paper sheet. In a second step, the paper interface may be de-
corated to highlight the functionality of the paper stickers.

|If‘2':w‘\.r|;|-.:rr.|i No. L4730REV™

Slide 1 Slide 2

Figure 6. Paper Point stickers

Another application of the PaperPoint stickers in combina-
tion with PowerPoaint is the early stage prototyping of in-
teractive paper applications without the need for any pro-
gramming. Since some of our project partners have no Java
programming skills, we were looking for a tool that would
enable them to quickly build mockups of interactive paper
interfaces. PowerPoint is a widely used application that al-
lows for the integration of different types of media, inclu-
ding movies, sounds, links to web pages or screenshots of
arbitrary applications and requires no programming skills. A
mockup of an interactive paper interface can easily be built
by attaching the PaperPoint stickers to parts of different pa-
per documents or other physical objects and then providing
amockup of the required “functionality” by adding the con-
tent to the PowerPoint slide linked to by the corresponding
sticker.

Using this PaperPoint sticker-based prototyping approach,
it takes only a few minutes to build physical mockups for
a given application scenario. Due to the simplicity of the
tool and the PowerPoint-based authoring process, our ex-
periments with the use of PaperPoint in project workshops
have shownit to be an highly effectivetool to physically ma-
nifest the results of brainstorming sessions and present them
to other team members.
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Finally, another powerful feature of the PaperPoint applica-
tion is the fact that it can be controlled by multiple pens
concurrently and not only by a single pen. The system can
therefore be used to support collaboration between multiple
users. For example, the participants of a group meeting can
collaboratively control a presentation and select which dli-
des have to be shown. Each user has a version of the printed
handouts and adigital pen alowing them to interact with the
PaperPoint application and control the presentation. In ad-
dition, al annotations that are written on specific slides can
be stored in a database and later accessed in digital format.
Especially in decision-making tasks, the collaborative pre-
sentation navigator can improve the overall performance by
providing fast shared access to the rel evant resources.

If we consider starting with blank slides, we get another ap-
plication scenario where the PaperPoint tool can be used
in brainstorming sessions. Each user can produce their own
personal ideas and sketches on paper and share them with
other users by projecting them onto a common screen. Such
a session could start either from totally blank slides or pre-
pared slides with initial thoughts or topics.

IMPLEMENTATION

Thefirst step in implementing the PaperPoint application on
top of the iPaper framework was the definition of the acti-
ve paper regions to be linked to digital information or ser-
vices. A printed overview slide is shown on the left hand
side of Figure 7 whereas the right hand side shows the ac-
tive areas, defined by rectangular shapes, that have to be
stored in the iServer database. For each slide, we have an
active area covering the whole dlide region that is linked to
the annotation functionality as described later. Other active
areas are defined for the paper buttons used to access speci-
fic dides and control the presentation (e.g. ‘ Show’, ‘Next’,
‘Previous etc.).

Figure7. Active paper areas

As mentioned earlier, our interactive paper framework is ba-
sed on ageneral cross-mediainformation platform that ena-
bles links between arbitrary digital or physical resources ba-
sed on a resource plug-in mechanism. We now introduce
active content, aform of resource that was devel oped for the
iServer platform to support the design of complex interacti-
on components as required, for example, by the PaperPoint
application to communicate with PowerPoint. While regular
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iServer links just return a single piece of information such
asan HTML page, amovie or a database object, active con-
tent is represented by active components which are bound to
a piece of Java code that can be executed on either the ser-
ver or client side. By introducing this simple but effective
idea of active components, it becomes possible to link and
activate any piece of program logic. Furthermore, it is very
easy for developers to implement new functionality by sim-
ply providing a specific implementation of the given active
component interface. This allows them to concentrate on the
specific functionality that they require and extend the frame-
work without having to have any detailed knowledge of the
framework itself.

After some input has been captured by a client device—a
digital pen in the case of the PaperPoint application—the
client-side component has to check for any running active
components. Therefore the client distinguishes two working
modes: a browsing mode where no active component is run-
ning on the client side and an active mode where an active
component has been instantiated and is currently running.
L et us assume that no active component is currently running
on the client side. An incoming request from the digital pen
is sent to the server and handled by iServer. The resolved
link target may either be asimple digital resource or an acti-
ve component. In the case that alink to an active component
has been selected, the Active Component Manager will 1oad
the corresponding component on the server side. Each ac-
tive component stored in the database has an identifier and
some additional parameters which are used to initialise the
Javaobject at instantiation time. The Active Component Ma-
nager will use the active component’s identifier to find the
corresponding client (stub) and server (logic) Java class na-
med in the Active Component Name Directory and these are
then used to create the corresponding Java instances using
the Java Reflection API.

Before an active component can be used within the iServer
framework, it has to be registered with the Active Compo-
nent Name Directory. For each active component identifier,
a stub and logic binding has to be provided that defines the
Java classes to be loaded when an active component is acti-
vated. After an active component logic has been loaded on
the server side, its XML representation is sent to the client
side where an instance of the corresponding active compo-
nent stub is created and initialised. From then on, al pen
input is delegated to the running active component for fur-
ther processing until the active component is terminated by
invoking its set Done method.

The PaperPoint application was realised by implementing a
set of active componentswhich interact with PowerPoint and
no changes to the underlying iPaper framework were requi-
red. To access the functionality offered by the PowerPoint
Windows application, we used the Java/Win32 (Jawin) [5]
integration project. Jawin is an open source architecture for
interoperation between the Java programming language and
components exposed through the Component Object Model
(COM) or Dynamic Link Libraries (DLLS).
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DISCUSSION AND FUTURE WORK

The PaperPoint application is a prototype with only the
core functionality for controlling PowerPoint presentations
accessible from the paper-based presentation tool to date.
Currently, the system is in use by members of 4 different
institutions for lectures, conference presentations, meetings
and early mockups of new interactive paper-based applicati-
ons.

A number of users have now been working with PaperPoint
for more than ayear. Ininformal discussions, multiple users
reported that the new flexibility provided by the tool also
changed the way in which they prepare their PaperPoint pre-
sentations. Since the implicit linearity of PowerPoint pre-
sentations no longer exists when using the PaperPoint han-
douts, users tend to add additional slides in preparing their
presentations even if they are not sure whether they will fi-
nally show them. Some users already integrated these slides
at the positions where they would probably show them, whi-
le others just added them at the end of their presentations
as akind of backup slides that could easily be integrated on
demand at presentation time.

Users also reported favourably on the use of the system as
a means of providing flexible presentations of projects ba-
sed on large collections of related slides. Instead of having
to prepare presentations in advance by copying and pasting
selected dlides into a new presentation suited to a particular
audience, presenters could easily select slides from aprinted
overview of the collection at presentation time. Similarly,
when presentations had to be prepared that involved more
than one presenter, they could simply integrate their slides
into a single file and then it was easy to dynamically switch
between presenters and their chosen slides during a presen-
tation. In such situations, the transition between slides was
much smoother than the typical actions of searching for and
skipping over slides seen in presentations controlled from a
laptop and the audience was often unaware that the presen-
tations were being adapted to the current context on the fly.
However, while this worked well when users were very fa-
miliar with the collection of slides and more experienced in
giving presentations, in some cases, it resulted in the presen-
ters being under-prepared in terms of planning the structure
and content of a presentation. Also, sometimes instead of
adding a few optional or extra dides to a presentation, they
would have far too many slides and spend too much time
selecting slides during the presentation.

We plan more elaborate user studies to analyse not only how
the application is used during presentations, but also how it
effects the preparation and quality of presentations.

We are currently extending the set of available PaperPoint
active components, including paper widgets to control em-
bedded movies and sound clips. The same approach of using
the Jawin library can be used to access other Windows ap-
plications and we already have other active components to
control Microsoft Access, web browsers etc. Note that the
idea of customisable paper-based user interfacesis not limi-
ted to a single application. In fact, functionality offered by
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different applications may be accessed from a single paper
document, thereby integrating paper with digital functiona-
lity provided by various applications.

The printing process is another area that could be impro-
ved in the future. At the moment, the user has to load the
correct PaperPoint template sheetsin their printer tray befo-
re printing the handout generated from PowerPoint. We are
currently developing a special virtual printer driver which
will alow usto print the handouts together with the automa-
tically generated Anoto pattern in asingle step.

Last but not least, we plan to use some of the features of
the underlying iServer platform for collaborative informa-
tion sharing. One possibility is to support the sharing of
PaperPoint annotations in an educational setting. While the
teacher presents the lecture material using the PaperPoint
presentation tool, each student will be able to have a copy
of theinteractive handouts and a personal PaperPoint instan-
cerunning on their laptop. During the lecture, students could
annotate their own slides as usual but, since all information
is also captured electronically, they will be able to access
digitised notes of other students after the lecture. Not only
the students could profit from this exchange of annotations,
but also the teacher who could use this information to get
a better understanding of upcoming questions or potentially
unclear parts of their lecture material.

CONCLUSION

We have presented a paper-based presentation tool that suc-
cessfully integrates paper and digital services by combining
the strengths of both media. While the interactive PaperPoint
handouts provide a good presentation overview and can be
easily annotated, the PowerPoint application providesarich
set of functionality for dynamic presentation effects and
digital media can be used to store, access and share an-
notations. In addition, we have introduced the concept of
PaperPoint stickers and active components which can sup-
port the rapid prototyping of paper interfacesfor arbitrary di-
gital applications, thereby bridging the paper-digital divide.
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