
the tag set (renaming, etc.), which can then be automatically
applied to the electronic representations of all documents
and to their subsequent printouts. Moreover, the approach
supports colocated collaboration by having users physically
sharing cards. Finally, research shows that a key factor for
the convergence of tags is that the system suggests frequent
labels [9]. Yet, computer support cannot be assumed in a
paper-only environment without a nearby display. In such a
context, the Tag Menu Card fosters similar effects as the
suggestion of frequently used tags: users will be inclined to
reusing tags already entered on the card whenever possible,
since the effort is lower than making a new tag entry.

8.2.1 Interaction
Each Tag Menu Card contains several empty areas. At
any time, the user can define a new tag by writing one or
several freely chosen keywords in one of these areas.
After a tag is defined, it is applied using either of the
following interactions:

1. Writing the tag on a document and enclosing it with
a circle in order to mark it as a tag. The tag is
automatically recognized from the set of previously
defined tags using handwriting recognition.

2. Writing the tag on a document and additionally
performing the pen gesture for hyperlinks to bridge
it with the corresponding area on the Tag Menu
Card. This small additional effort ensures that
tagging is correctly performed even when no feed-
back can be provided, as it does not rely on
handwriting recognition.

For faster tagging, the user can print a new version of a
Tag Menu Card, in which previously defined tags are
ordered and sized according to their frequency (tag cloud).
Optionally, tags defined by all users or by members of the
own learning group can be included.

8.2.2 Visualization
Tags are displayed both in the viewers for individual
documents and in the collaborative context visualization,
which integrates documents, links, tags, and users.

To sum up, Table 2 gives a comparative overview of
CoScribe’s pen-based interaction techniques. Although
CoScribe supports a wide variety of activities, the interac-
tions remain simple for the following reasons. First, they are

composed of a small set of recurrent core interactions. The
user writes with the pen, taps on a button or on a link, or
bridges two areas. Each of these interactions is entirely
intuitive or very easy to learn. Moreover, CoScribe heavily
draws on established practices, such as annotating with a
pen or attaching index stickers.

9 IMPLEMENTATION

A prototype system of CoScribe was implemented in Java. It
is based on a client/server architecture with a central
database, which provides for sharing data with other
learners over a network connection.

We use Logitech io2 and Nokia SU-1B Anoto pens. The
pen data are transferred via Bluetooth or USB. Pen gestures
are recognized by heuristics. Printouts are performed with
an OKI C5900 color laser printer. Our prototype uses
Microsoft Vista Handwriting Recognition, but the interac-
tion concepts do not rely on handwriting recognition for
correct operation, which makes them more reliable.

The backprojection display which supports input with
Anoto pens has a diagonal of 82 cm and can be used in a
tabletop configuration or as a vertical screen. We con-
structed it as follows: The Anoto dot pattern was printed
onto HP Colorlucent Backlit UV foil, following the
approach of [6]. This foil was put between a supporting
plexiglass layer of 5 mm width and a protecting ink-
repelling layer of 1 mm width. It is illuminated by rear
projection with a full HD resolution beamer. As pen data
originating from the display are translated to ordinary
mouse events, not only our own system can be controlled
with the pen, but also all other applications.

10 EVALUATION

We conducted a first evaluation of CoScribe with the goal to
assess the general concept and gain first user experiences.
Three user studies evaluated the use of CoScribe in two
central settings of learning at universities: taking and
reviewing lecture notes as well as integrating information
from a collection of documents. We will discuss each
scenario in turn.

10.1 Lecture Notetaking and Review

10.1.1 Study 1: Method
In the first study, we evaluated the printed user interface for
making annotations and classifying them in a realistic
setting. We opted for three regular computer science
lectures of our university. A total of 29 students (five
females and 26 males) recruited among the attendees of
these lectures participated to this study. Participation was
voluntary and no compensation was given. Each participant
used the paper interface with a digital pen during one
lecture (about 90 min.). Beforehand, he or she was trained
for 3 minutes on how to make annotations and classify
them. After the lectures, feedback was gathered with a
questionnaire and semistructured interviews.

10.1.2 Results and Discussion
Document annotation. Although the users have had only a
few minutes for familiarizing with the system and used it
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10.2 Integrating Information from Printed and Digital
Documents

10.2.1 Study 3: Method
In a third study, we evaluated how CoScribe supports users
in integrating information that is distributed between
several printed and digital documents. We assessed the
ease-of-use and the learnability of the interactions for
creating and following cross-media hyperlinks as well as
the use of the tabletop display. In addition, we had the
following hypotheses for the formal experiment:

H1: The system enables users to perform a complex
information retrieval task in a set of interlinked
printed and web documents more quickly than with
traditional pen and paper.

H2: Printed and digital documents are perceived as
being more closely connected when using cross-
media hyperlinks.

A total of 10 psychology and six computer science
students (nine females and seven males) participated to
1.5 hour single-user sessions. Participation was voluntary
and no compensation was given. They used a digital pen,
paper documents, and digital documents on the pen-
enabled display. Eight participants used the display in a
tabletop configuration, while the remaining eight partici-
pants used it as a vertical screen. The sessions were
structured as given below.

After 3 minutes of training, the first task of the test
persons was to create hyperlinks on a printed document
and on Web pages and to follow them.

Their next task was to answer questions on historic
murder cases using collections of interlinked printed and
Web documents related to these cases. Our goal was to find
out if the participants would be able to complete a realistic
information integration task more quickly using CoScribe.
This task goes far beyond simply following a hyperlink
(which obviously takes less time than manually searching the
referenced passage). Users had to handle many documents
containing not only relevant, but much irrelevant informa-
tion. Each document collection had 15 to 16 A4 pages mainly
consisting of text and three to five Web documents from
Wikipedia and online newspaper archives. The relevant
information for answering a question was distributed
between three and eight passages. Moreover, the users had
to decide on the relevance of hyperlinks, since of the eight to
10 hyperlinks per document collection, only about one-third
linked to passages which were relevant for a specific
question. This setting thus represented a realistic knowledge
work task where a coworker had prestructured a collection of
documents.

We observed participants navigating within the docu-
ment collections and measured the time needed until the
questions were correctly answered. A within-subject design
was used for this experiment. Each participant was trained
on a first document set. Two other document sets were then
used for testing under either condition (with CoScribe or
with printed documents containing handwritten annota-
tions and Web pages containing annotations visualized by
the Web annotation tool diigo.com). We counterbalanced
the document sets and the order of the two conditions.
Finally, we gathered feedback with a posthoc questionnaire
and a semistructured interview.

10.2.2 Results and Discussion
Creating and following links. After a few minutes of
training, all users had learned how to use the pen on the
display and how to create and follow links. Responses to an
open question showed that the interaction was appreciated
as being “easy” (eight persons), “quick” (two), and “highly
intuitive” (two). It was considered very helpful to have the
same interaction device for printed and digital documents
(M ¼ 6:4 on a seven-point Likert scale, SD ¼ 1:1, and
N ¼ 16). Participants reported that this makes the interac-
tion faster and connects printed and digital documents
more directly. In the responses to the questionnaire, both
creating hyperlinks and following them was judged
significantly easier with the system than in the control
setting (see Fig. 13c). All but one participant navigated
through the interlinked documents with high confidence as
if they had been using the system already for a long time.

When comparing the pen-enabled tabletop display with
the pen-enabled vertical screen, the tabletop configuration
was clearly preferred. Most important reasons mentioned in
the interviews were first that it is more natural and
ergonomic to use a pen on a horizontal surface, and second
that printed and digital documents are more closely
coupled using one surface for both of them. However,
three participants perceived an extra effort for rearranging
documents on the display. This discomfort is due to two
deficiencies of our current prototype: the space provided on
the tabletop is limited and no provision is made for coping
with occlusions of displayed pages.

Performance gain (H1). As depicted in Fig. 13c, complet-
ing the task with CoScribe took in average only about
60 percent of the time needed in the control setting. This
difference is highly significant ( Tð15Þ ¼ � 3:22; p < 0:01).
The main reason for the performance gain was that it takes
little time to navigate to the link target, regardless if this is a
printed or a digital document. A second speedup factor was
that users found more links with CoScribe because all links
are symmetric and automatically visible on both endings. In
contrast, traditional handwritten references are not auto-
matically visible at the target passage.

We observed that it is very important to label a link
anchor with some information about the target document
(such as “Biography of the murderer”). While most links
were labeled, each document collection contained the same
number of unlabeled links. With the latter, the participants
were much more likely to get disoriented and be uncertain
if they had already followed these links.

Gap between printed and digital documents (H2). With
cross-media hyperlinks and the pen-enabled display, the
documents are considered significantly more closely con-
nected compared to the control setting (Fig. 13c). The
participants also judged the relations between the contents
of the different documents to become clearer.

The results of this first evaluation confirm the concept of
CoScribe. They show that students accept the system and
judge it helpful and easy to use. In order to gain a deeper
insight into how learners use CoScribe, we plan to conduct
a longer term study in the near future.

11 CONCLUSION

Highly varied and efficient practices of interacting with
physical documents have evolved over hundreds of years.
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Compared to these practices, the way we work with
documents on today’s computers is, in many respects, a
step backward. It is therefore an important advance to
extend digital interaction from the desktop into the physical
space. However, this presents enormous challenges for
designing the user interface. We address these by extensive
field studies from which we derived a theoretical interac-
tion framework for pen-and-paper interaction. Instead of
mimicking interactions of Graphical User Interfaces, the
interaction is geared to the varied traditional practices of
using pen and paper and leverages the rich interactions that
are made possible by combining multiple paper surfaces.

On this basis, we designed CoScribe, an interaction
concept and prototypical system for paper-centric knowl-
edge work. Whereas previous solutions supported only a
small fraction of the practices which are frequent in typical
information ecologies, CoScribe provides more comprehen-
sive functionality: It supports three central and generic
activities of working with documents and enables colla-
boration around the rather static medium of paper. More-
over, CoScribe simplifies pen-based interaction, as the same
device can be used for all activities both on paper and
displays. Finally, CoScribe creates a richer user experience
than previous work by offering a wide set of intuitive tools
which are made out of paper.

The results of a first evaluation indicate that the
integration of paper and digital documents in a seamless
interaction technique and system enhances both work
performance and user satisfaction. The interaction techni-
ques can be efficiently utilized even by novices after a few
minutes of training.

For the near future, we plan to deploy CoScribe more
broadly at our university. As all components except for the
tabletop display only require commercially available and
affordable hardware, the system can be made available to a
large number of users. We envisage conducting further long-
term studies that will provide additional insights on how
CoScribe affects document use and collaborative practices.
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