M. Herczeg & M. C. Kindsmdiller (Hrsg.): Mensch & @puter 2008: Viel Mehr Interaktion.
Minchen: Oldenbourg Verlag, 2008, S. 207-216

Paper-Centric Interaction Concepts for
Collaborative Learning

Jurgen Steimle, Oliver Brdiczka
TU Darmstadt, Telecooperation Group / Palo Altodaesh Center (PARC)

Abstract

Field studies show that in many learning settinggep has intrinsic advantages over elec-
tronic documents. In this paper we present conckptshe collaborative annotation and
structuring of paper documents and digital docusmentboth distributed and co-located
settings. The CoScribe prototype supports the atinot of printed lecture slides and col-
laborative sharing of annotations. Digital PapeolBuarks and tag buttons are means for the
efficient semantic structuring, indexing and taggof paper documents. We then detail on
results of an ethnographic study on learning gnmgetings. These demonstrate that printed
and digital documents form one document space laatdpersonal interactions go in hand
with manipulating documents. Based on these firgling present the design of a prototype
which supports efficient annotation and structuiimgo-located learning group meetings.

1 Introduction

Despite the advancements in computing, traditipapler keeps being widely used in learn-
ing and knowledge work. Although the end of papse has been predicted, the paperless
office is far from being reality and the use of @ajs even augmenting, which is due to the
inherent advantages of paper over digital docum@&elien & Harper 2003). Paper provides
for easy reading and intuitive annotation andldves for two-handed interaction and naviga-
tion. Moreover, multiple paper sheets can be laigio physical space. This enables compar-
ing document pages as well as flexible arrangermdsyending on the work context.

We conducted several studies on the use of pageaining settings. A quantitative study
with 408 university students found that paper igdiythe preferred medium for taking notes
in lectures (Steimle et al. 2007). An ethnograticly, detailed in this paper, found that in
learning group meetings, different paper media heweucial role. Based on these results,
we developed several interaction concepts whichbaoenpaper with computing to support
collaborative learning processes. Our approachstgwn taking on established paper-based
interaction techniques and on augmenting thesemypating.
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The main contributions of this paper are paper-dbaseraction concepts for both distributed

and co-located collaborative learning settings. Plaer is organized as follows. After

shortly reviewing related work, we present our apgh for the paper-based annotation of
lecture slides. We then discuss how paper caniaifly support the indexing, tagging and

structuring of printed and digital documents. Hyate describe our ongoing research on the
paper-based support in co-located learning grougtings.

2 Related Work

Paper-based Annotation and NotetakingSeveral systems use real paper as an input me-
dium for annotating electronic documents. PADD (Blietiere 2003)and PaperPoint
(Signer & Norrie 2007) enable users to annotatetrlric documents by using their print-
outs as a proxy. ButterflyNet (Yeh et al. 2006pis electronically augmented paper note-
book. All these systems are limited to one spedficument type, whereas the support a
broader range of documents is crucial in learnirmgg meetings.

Document Structuring and Linking. The PaperPDA (Heiner et al. 1999) is an early syste
combining a conventional paper notebook and organiith electronic capabilities. It en-
ables users to create links between paper paghsaditesive stickers. PapierCraft (Liao et
al. 2005) presents a set of gesture commandscdtigg/paste and linking, for manipulating
paper documents. These commands focus only on paperequire an additional device for
mode switching, e.g. a foot pedal or a second Apeto. The Interactive Multimedia Text-
book (Lai et al. 2007) enables students to indigijuaugment a paper textbook with hyper-
links to Web pages, but not vice versa. A numbeystems (e.g. The Sandbox for Analysis
(Wright et al. 2006), EverNote, Mindjet MindManap&nable users to link and organize
electronic, but not paper documents when colleaingbstracting information.

3 Collaborative Annotation

Many electronic systems for student notetaking simating have been proposed. However,
as we found out in a field study, most student$epreraditional pen and paper for taking

notes. We therefore developed CoScribe, an anontatystem which enables students to
collaboratively annotate lecture slides. The desigs guided by the goal to allow a smooth
transition from traditional pen and paper annotetito an augmented annotation practice.

Annotation and Notetaking. CoScribe comprises a mobile part for in-classroomogation.

A student only requires paper printouts of theueetslides and a personal electronic pen,
which can be used to write normally on paper (E)g.The equipment is thus highly mobile,
lightweight and comparable to that used traditiynfdr notetaking in lectures. CoScribe is
implemented in Java and currently supports PowatHecture slides. For the electronic
synchronization of the handwritings on paper, gistesm relies on the Anoto technology and
Logitech i02 electronic pens. During writing, tHecatronic pen identifies both the page and
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its position on this page by detecting a speciiiarly invisible dot pattern with a built-in
camera. An ordinary laser printer can print outwoents including this pattern.
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Figure 1: Annotating printed Figure 2: The CoScribe software viewer
lecture slides

The printouts were designed to constrain the patsannotation style as little as possible.
Handwritten annotations can be made anywhere omprihéouts. In addition to the printed
lecture slides, the pages can contain free are@a3cribe print toolkit can be used to create
printouts with various layouts, providing for anaptation to the course and the users. Addi-
tional empty paper sheets can be written on anésseciated with the corresponding slide
by drawing a link gesture. Moreover, users cansifiasndividual annotations with semantic
types (i.e. important, question, to do, error ia #tript) by performing a pen tip on a corre-
sponding button of a paper toolbar, which is pdrmie each page.

Collaborative Visualization. Once the pen is docked to a user!s PC, all anonatatare
automatically transferred to the backend systenichwstores them in a database on a central
server. Alternatively pen data can also be streaimeéal-time via Bluetooth to a nearby
computer. Own annotations and shared ones of ¢theners can then be accessed in the
CoScribe software viewer (Fig. 2), which displaperh on the corresponding slides and
supports remote collaboration with other learners.

A challenge with shared handwritten annotatiorthes clearly arranged visualization, parti-
cularly for a large number of users. We developed\&l visualization for shared handwrit-
ten annotations. This displays both one's own &wdesl annotations in an integrated man-
ner. It supports overview and access to sharedtatimws without the need of explicitly
switching between different user views. Accountiogthe restricted space within the docu-
ment, one's own annotations are visualized as #neywritten on paper, whereas shared
comments of other users are displayed in a condes@. Instead of the annotation itself, a
small icon is visualized at the position of the atation (Fig. 2, upper right). This icon corre-
sponds to the type of the annotation and varieizim according to the size of the annotation.
When hovering the mouse over the icon, the anmotat expanded and displayed at the
correct position in its original size (Fig. 2, lomnght). Shared annotations considered espe-
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cially relevant can be permanently expanded. Antiaahdl preview function provides for an
overview on all shared annotations on a page bymkpg all of them in a scaled-down
manner.

Evaluation. In order to assess the appropriateness of thensyistein-classroom annotation
and collaborative visualization, we conducted a user study with overall 38 studeimde(Ste
et al. 2008). Our findings show that participantmsidered the system to be easy to use
(M=4.4 on a 5-point Likert-scale, SD=.8, N=37). tR@pants valued the possibility to clas-
sify annotations with semantics directly on papesubstantial percentage of 18.7 % of all
1983 annotations made on the lectures we obseresdiagged with a semantic type. This
leads us to the conclusion that minimal constragais be imposed to the highly uncon-
strained and highly personal annotation procetelf offer a significant benefit. This seems
to be true even in difficult conditions for annatat e.g. when time is scarce. When seeking
a quick overview of all comments, the novel collative visualization of shared annotations
was clearly preferred to a single-user view, whmre must manually switch between differ-
ent views for each user (M=4.3, SD=.9 vs. M=2.178D, N=9).

4 Paper-based Document Indexing and Tagging

Besides easy annotation, the paper medium offdrerémt advantages for indexing and
tagging documents. Paper bookmarks allow efficgentarking specific passages on paper
and quickly accessing them later on. Digital Papeokmarks combine these advantages
with electronic support.

Figure 3: Digital Paper Bookmarks

Digital Paper Bookmarks are adhesive stickers fiémint colors, which can be attached to
physical pages of printed documents at arbitrasitpms (Fig. 3 left). As they are covered
with the Anoto pattern, they can be labeled withitie using an electronic pen. Once
synchronized with the electronic system, they alsve as electronic bookmarks. Creating
digital paper bookmarks includes three intuitivepst First a bookmark is attached to an





















