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ABSTRACT

The potential of tabletops
interaction and face-to-face collaboration can fglewnovel

learning opportunities. Despite significant reshaitc the

area of collaborative learning around tabletopdtleli
attention has been paid to the integration of mtalich

surfaces into classroom layouts and how to emphiy t
technology to facilitate teacher-learner dialogued a
teacher-led activities across multi-touch surfacésile

provide interactive learning approaches. Howevéte lis

to enable simultaneousknown about how to design and operate interaction

techniques that enable teachers to communicateagean
and monitor learners’ activities around multi-touch
tabletops.

To highlight the significance of the desired teaetentric
approach, Figure 1 represents our vision of a tapitbased
classroom in which the teacher and students wornofti-

touch tables and collaborate on learning tasksulch an

most existing techniques focus on the collaborationgpyironment, the teacher works on a separate tahte
between learners, this work aims to gain a betterneeds to communicate with the students’ tablestrakred

understanding of practical challenges that needb¢o
considered when integrating multi-touch surfaceso in
classrooms. It presents a multi-touch interacteshnique,
called TablePortal, which enables teachers to meaagl
monitor collaborative learning on students’ tabl&srly
observations of using the proposed technique wlmovel
classroom consisting of networked multi-touch stefaare
discussed. The aim was to explore the extent t@hwbur
design choices facilitate teacher-learner dialoguoe assist
the management of classroom activity.

ACM Classification: H.5.2 Information Interfaces and
Presentation: User Interfaces. User-centered design

Keywords: multi-touch tabletop, remote access, classroom.

INTRODUCTION AND MOTIVATION

The potential of multi-touch tabletop computersetmable
groups of people to simultaneously touch and mdaipla
shared tabletop interface provides new possikslitfer
collaborative learning. Although many research istsid
have explored learning around multi-touch tabletopest
of them focused on the dialogue and collaboratietwben
learners, and almost exclusively they examined Ising
tables used in isolation. Little attention has bgaid to
integrating multi-touch tabletops into the fabricf o
classrooms and the influence they could have orh bot
teachers and learners during in-class activitigsthA core

of any classroom environment is the teacher-learner

dialogue which is essential to enable a social pegaand
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control and management techniques are importagnable
the teacher to manage the learning task and totamain
awareness of collaborative activities. Examplesegiired
administrative tasks include remote access to atste
tables, distribution of learning material, undidiup
monitoring of student activity, transition betweworizontal
and vertical displays, and the ability to intervénegroup
work. Such a level of interaction produces various
challenges as it is not clear how to extend thetirtmilich
surface to enable remote access, content management
interaction with multiple students’ tables simubkansly.
As yet, there is no clear base for design consiibers of
teacher-led activities that take into account theque
properties of tabletop displays.

If multi-touch surfaces are to be successfullygniged into
classrooms, the importance of the teachers’ rateilshnot
be underestimated since the teacher is the malrestrator
of the education process. This paper explores the
educational benefits of networked multi-touch scefa by
creating a technology that integrates with tradaio
classroom environments. The purpose and contribsitad

Figurel: Tabletop-based classroom environment.
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this work are as follows:

To discuss a set of practical challenges and desgyres,
informed by our experience and by an analysis afrpr
research, that need to be considered when designing
teacher-centric approach for remote control

November 7-10, 2010, Saarbriicken, Germany

found that tabletop surfaces support equitableigipation
in learning situations [e.g., 16].

While the focus in most previous efforts was the
collaboration around single tables that are oftsaduin

andisolation, the potential of networked multi-toucibkes to

management of group activities in classrooms usingsupport social pedagogy in classrooms remains liarge

interactive multi-touch surfaces.

To present an interaction technique, called TabtaRo
which reflects the design choices to facilitatectea-
learner dialogue and enables teachers to reachagean
and monitor students’ tables in a user-friendlyyiitive
and efficient manner.

To report our preliminary experience and observatiof
integrating multi-touch surfaces into a novel ctassm
environment to run collaborative learning taskse Him
was to investigate the impact of our design choimes
teachers’ pedagogy and on students’ participation i
group activities and their attainment in specifisks.

Through the discussion of the implementation phase,
introduce SynergySpace,

unexplored. Although previous research in computer
supported collaborative learning has proposed tqaks to
facilitate teaching in classrooms using differameractive
devices or communication tools [e.g., 19, 1], noh¢hese
approaches, to our knowledge, have explored thiéeciges
and affordances of using multi-touch tabletops é@alr
educational settings.

Multi-display environments and remote interaction
techniques

Much research over the past decade has explomative
surfaces, multi-display environments, and rooms for
collaborative activities. Most have focused on ambiag
the shared usage of electronic whiteboards andcabyt

projected screen spaces. Projects like i-Land [RARC's

the open-source softwareColab [22] and iRoom [13] all explored environmeiris

framework we developed and used to enable rapidwhich tabletops and walls were used in a distrithute

development of visually-rich and networked multikth
applications for educational use within classroom
environments.

The rest of this paper is structured as followdafed work
is reviewed before the design principles of theppsed
technique are outlined. We then explain the TatieP
technique and discuss its affordances. Early obsiens of

manner for collaborative and individual activitieBhese
projects cannot be directly applied in classrooresabise
they assume fairly symmetric relationships between
individuals in their work environments and that ythall
have similar roles and capabilities. However, teaskand
learners in classrooms have different roles and
responsibilities and thus they need to have differe

using the proposed technique in a multi-touch based€chnological capabilities available to them orletips.

classroom are discussed and results are analyneallyf-
we draw conclusions from our research and discussd
work.

RELATED WORK

This section starts by reviewing research explorihg
potential of multi-touch tabletops in education. emh
related research on distributed tabletops and edmldly
techniques is reviewed to explore the challengeslved
and to compare it with our work.

Multi-touch tabletops in education

Although multi-touch tabletops have been extengivel
explored for a variety of uses, the majority ofeash is
concerned with investigating the potential of tadgbs and
developing interaction techniques [e.g., 4]. Regerthere
have been some investigations into the use of fulth
tabletops in education and their ability to faaié
collaborative learning. For example the StoryTgtneject
[5] encouraged children to work collaborativelydevelop
narratives. Other research has investigated the aise
interactive tabletops to support children condugtin
collaborative design tasks [9, 18, 8], learninghwat mind-
mapping application [6] and collaborative Web sbdfd].
These studies indicated that multi-touch tabletopkile
being enjoyable and engaging [e.g., 6, 18], did alatays
produce significant learning gains [e.g., 6, 9]h@tstudies
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Some efforts proposed table-centric approaches entrer
interaction with multiple remote devices is donekofrom
an interactive tabletop. For example, the MultiSpagstem
[7] allows users working around a shared tableraosfer
an object to a connected laptop or a wall displgy b
dragging it onto an appropriate portal in the corofthe
tabletop display. However, it does not enable renaatcess
and direct manipulation with objects that exist remote
devices. Wigdor et al. [28] explored the use of iature
views where a remote environment is displayed scaled
format in the working area, and manipulations witkhe
scaled view are transferred to the original spadtough
our approach is similar in terms of using the dasealed
views to present students’ tables on the teachablke, it
has a different design goal. In [28], users colfa®around
a single table to control a set of wall-displayst bur work
focuses on managing and monitoring group activibes
other tabletops, particularly in a classroom envinent.

The portal-based approach adopted in this papetbbas
inspired by existing efforts which employed portals
radars to interact with distant areas or displayg.([3, 26,
2]). Our work builds on these efforts and aims
particularly adapt the portal-based approach fdassroom
scenario and explore its potential for teaching kadning
over multi-touch surfaces.
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Several projects tried to link tabletops for remael mixed
presence collaboration [e.g., 11, 25]. In thesgegts, two
or more displays are linked together to providehared
interactive workspace. These systems share a corgoain
to support remote or mixed presence collaboratioer @
shared workspace. They mainly address interactiotisa
single workspace that is shared among multipleetapb.
However, when it comes to interaction between aglsin
tabletop and a group of tabletops, such as theaicien
between a teacher’'s table and students’ tables
classroom, there is not yet a base or standardther
creation and design of interfaces and there areyman
unresolved challenges. For example, it is not cleaw to
access, view and lay out multiple tabletops throagingle
tabletop. Reachability, orientation-differences giécise
selection on remote tabletops all are importanidssthat
also need to be addressed.
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packed visualization can impair comprehension of
information or disable precise selection of smaitbéts on
remote tabletops. The fact that most interactivdetaps
rely heavily on touch-sensitive input complicatese t
situation as fingers can be much larger than tha ttabe
manipulated. Thus, remote access to students’saibleuld
allow for more detailed interaction by providingcdble
navigation and zooming techniques that allow tlaeher to
explore and interact easily with areas of interastthe

in a&tudents’ tables.

4. Resolve orientation conflict between teacher and
students: As mentioned earlier, remote access to desktop
environments does not tackle different orientaticofs
content and it assumes that both remote and |eeabwvill
experience the same viewing perspective. In tapleto
environments, artifacts can be oriented differemtie to
the different physical positions of users aroureltdbletop.

Several tools have been proposed to enable clamsrooFor a teacher who is remotely monitoring activitms a
management or remote control such as the commerciastudents’ table, a view of differently-orientedifaidts may
SMART Sync classroom management software [21] andpresent difficulties, such as inability to undenstartifacts

remote desktop applications. These tools, howeysgrate

in environments involving desktop computers using a
cursor, mouse and keyboard based interaction paradi
and thus they lack support for multiple users aatunal
means of interaction. They also do not addresattigue

or misinterpretation of actions performed by studdt4].
Thus, adapting remote access to tabletop displagg m
require techniques to resolve orientation diffeesnc
between users who share the view of the same donten
across separate displays, but who view it fromedéit

properties of tabletop displays such as orientationperspectives. This is particularly important foe tieacher,

differences and support for face-to-face collaborat

DESIGN PRINCIPLES

Our goal is to develop a remote interaction techaido
enable the teacher to manage and monitor the @esivdn
students’ tables. These capabilities should be igeov
through a simple interface metaphor that is inteitand
easy to use. In what follows we present a set Gigte
principles and functional requirements which takdoi
account the classroom structure shown in Figurad.the
unique characteristics of interactive tabletops.

1. Simultaneous interaction with multiple tablesthe
technique should support flexible ways to accesspitor
and lay out multiple students’ tables simultanepusl
through the teacher’s table. The teacher shouttltssable,
remotely, to collaborate or intervene in a groupviy by
interacting with content on a students’ table usiagural
gestures. The main challenge addressed here ischbring
the students’ tables inside the teacher’s tablelewhi
supporting all multi-touch affordances for both.

2. Information Transfer: The technique should support a
flexible transition of learning material inside tblassroom.
The teacher should be able to transfer learningecbn
between his/her table and any student table, betivee or
more student tables, and between a student taldeaan
vertical display. The transfer process should beedo
through a natural and easy to use interaction igakn

3. Detailed exploration and precise selection on stots
tables: Accessing and viewing the students’ tables
simultaneously through a single display may resularge
sets of displayed data or densely packed regioosh S
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who needs to rapidly track and comprehend fromhars/
own table the group activity on the students’ tabl€he
main challenge addressed here is how to enable#oher
to monitor students’ tables in real time from thght
perspective without disrupting the group activity o
affecting the orientation of content on the studetatbles.

THE TABLEPORTAL INTERFACE

To meet the above design principles, we developed a
interaction technique we called “TablePortal” tailitate
communication between teacher and students’ tabldse
classroom environment. It provides a portal to heot
tabletop, connected to the same network, that alltve
user to see and interact with its content. Figueeshows
multiple TablePortal components, whereas each coemto
shows a scaled-down view of the remote tabletope Th
interface consists of an inner frame where the temo
workspace is viewed and, on the left, a list of tomn
buttons to operate various functions. While thelgéRbrtal
can be seen as a ‘window’ or a down-scaled viewhef
remote surface, it is also a multi-touch interaetalement
that can be rotated, moved and resized, as any atorm
artifact, by applying the widely adopted two-fingewulti-
touch gestures on the top bar (see Figure 3.a dllows
the teacher to quickly reposition, reorient andizeeghe
TablePortal component to experience a new perseofi
the students’ table. It is also possible to simétausly
view and interact with a group of tables by launchi
multiple TablePortals. This enables the teachatiet to
resemble a command-and-control centre with inteitiv
control capabilities. The teacher can connect tbraanage
the entire distributed environment using naturaltrtauch
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Figure 2: (a) TablePortal widgets displaying remote tables. (b) Content on remote table can be manipulated through
the TablePortal. (c) TablePortals can be arranged into piles. (d) Support for multiple users accessing multiple
tables. (e) A user is enabled to choose a table to connect with from a list of connected table IDs.

gestures. In addition, a large multi-touch surfaaa allow
multiple remote displays to be arranged like orgizgj

whole TablePortal frame, some artifacts may remain
difficult to view or manipulate, especially if theriginal

papers on a table. For example, a teacher dealingrtifacts are not large enough. In addition, thees not be

simultaneously with multiple students’ tables caraage
the corresponding TablePortal components into ad ho
piles, so that they take up less space, or sidsids/-for
comparison (see Figure 2.c).

TablePortal requires the tabletop to be part oetwark.
When the tabletop is first launched, it requires tbacher
to identity a particular tabletop to connect withr a list
of IP addresses or unique names assigned to thescteal
tabletops (Figure 2.e). TablePortal operates in tamles:
the display mode and the interactive mode, andisiee can
switch between the two modes using a toggle butidmile
the display mode allows the user to monitor the atem
table without altering its content or intervening its
activities, the interactive mode enables the useeinotely
interact with and modify the remote tables’ contémtwhat
follows, we introduce the affordances provided tigto the
TablePortal interface.

1. Real time remote interaction with remote content
TablePortal enables the user, through the inteactiode,
to interact with content on remote tabletops ushesame
interaction techniques available elsewhere on théase.
Artifacts can be remotely moved, resized, rotated o
annotated in real time by applying the approprigasture
on the corresponding TablePortal content (see Ei@uip).
When the user operates with the data within thdeRudrtal
display, input events are translated as if theyevegrerating
directly on the content within the target tabletag{so,
changes applied locally on the tabletop will
correspondingly apply on the TablePortal content.

2. Detailed exploration on students’ tableg\s explained
earlier, the TablePortal interface provides an ratgve
down-scaled view of the students’ table. Howevér t
down-scaled artifacts inside the TablePortal maytdoe
small to be properly viewed, selected or manipdlate
Although the teacher can get a larger view by negithe
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an extra space on the table to expand the TabkPFart
order to get a larger view. To enhance reachabity
students’ tables, a navigation controller was agdcto the
TablePortal to enable full control of the remotewi It
provides four functions: translate, zoom, rotatd aantre.
Regions on the remote display can be magnified by
navigating through the remote view and zoomingte t
relevant area using “+” and “=" controls, whichaail the
magnification ratio to be increased or decreased Egure
3.c). In addition, a reset button enables the tseuickly
reset the view to its original status by cancelliagy
applied navigation processes.

Multi-touch input can still be applied on the remabntent
after applying any of the navigation processes.

example, a teacher can zoom-in a particular ardssalect
an item that would otherwise be too small to touthis

For

Figure 3: Interactions with TablePortal (a) Move,
rotate and resize by gestures on top bar, (b)
Interact with remote content (c) Navigate, zoom
in & out. (d) Transfer content from a table to
another.
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allows fine-grained touch interaction and annotatiof
remote artifacts to be performed precisely at higiom
levels. All navigation actions are applied onlythe inner
view of the TablePortal widget, and thus they wibt alter
the size or position of the outer frame. This istipalarly
important in order to improve reachability on remtdbles
without the need to expand the TablePortal size, and
perhaps, occlude other objects on the table.

3. Transfer of artifacts TablePortal enables the teacher to
transfer learning materials, e.g., digital artifacor
documents, to student tables by dragging them ftlen
local workspace and dropping them on the TablePorta
component representing the target table. The tamesf
artifact will be positioned on the target table etkawhere

it has been dropped inside the TablePortal. Sitygjlar
artifacts can be removed from a remote studenigé tand
placed on the teacher’s table by dragging themoéuhe
TablePortal component. Artifacts can also be temst
from one remote table to another by dragging arférom
one TablePortal to another. Any operations applirdhe
artifact on the source table (e.g., zoom, rotatd) e
retained on the target table (see Figure 3.d).

4. On-demand orientation-adapted viewAnother feature
in the TablePortal technique is the adaptable remw
that it provides, which overcomes orientation ddfeces
between the teacher and students around theirstalile
provides the teacher with a real-time view of resnot
content that is partially adjusted to match his/iemwing
needs. Artifacts within the adjusted view are reatéd to
aid readability without affecting the orientatioh ariginal
artifacts on the students’ table. Figure 4 depitis
technique: artifacts on Table A are split over pee
territories and are oriented differently to faceiuduals
sitting around the table. Table A is being remotely
monitored by two individuals on Tables B, C using
TablePortal components. Since the individual onld &is
watching an identical view of the remote conterd, rhay
face difficulties in reading artifacts that do miitectly face
him. This can be even more difficult if artifactsea
frequently moved by users around Table A. Although
can reorient individual artifacts to face him usthg rotate
gesture, this may conflict with users on Table Aowh
remotely share the same content but have diffesienting
perspectives to it.

On the other hand, the TablePortal on Table C shbes
same content but with artifacts reoriented andcsatglobal
alignment to face the person sitting in front of thble. The
user on Table C can view artifacts from the right
perspective regardless of how artifacts are orterde
Table A. Meanwhile, any transformations or changes
applied on the original artifactre still reflectedthrough
the TablePortal view, except that the orientaticofs
artifacts remain constantly fixed. For example, @ations,
video content and movement of artifacts betweesqre
territories can still be watched in real time.
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Table B

Figure 4: Real-time orientation-adapted

view of remote tables using TablePortal.
The teacher can activate the orientation-adapted \on
demand by setting a global rotation angle to applyall
artifacts within the TablePortal view. We emphadiere
that having the software reorient objects to fi¢ tiser’s
viewing preferences is an approach adopted in reanijer
efforts [e.g., 24] to support face-to-face or codted
collaboration. In contrast, we employ this approdoch
resolve orientation differences between users viaoesthe
same content over separate tabletop displays.

We are also aware that this orientation-adapted dees
not reflect the exact status of the remote contard, thus it
may be inappropriate for situations where a higrellef
natural tabletop awareness is required (e.g., mpxedence
collaboration). However, it is particularly usefuh
situations where comprehension and readability are
prioritized over awareness of other artifact's
transformations. An example of such a situatioa isacher
who needs to rapidly monitor or read students’ haritten
notes on a remote table in real time. No mattertwwiay be
the position of students around the table, theezdntan be
constantly viewed from the direction preferred e t
teacher.

The orientation-adapted view also offers an effecti
solution to resolve orientation differences whenkiing
horizontal (table) and vertical displays (preseatat
boards). To promote more dialogic interaction ire th
classroom, a teacher can select a chosen studablis’and
view it on a vertical wall display in order to shafe whole
class the solution that a particular group is wagkion.
However, while artifacts on horizontal studentdlés can
be viewed from difference perspectives, a vertitiaplay
can only be viewed the right way up. Thus, contemt
horizontal tables may become incomprehensible ifsit
directly viewed on a vertical display. TablePor¢alables
the teacher to adapt the view of remote conterthaball
artifacts become aligned horizontally. The augmeniew
can then be shown on the vertical display by drgveiriink
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Figure 5: Transition between a student table and
a wall display by drawing a link between the
TablePortal and the display icon

between the TablePortal component and
representing the vertical display, as shown in Fédu

MULTI-TOUCH TABLES IN CLASSROOMS
We conducted an observational study to learn mbraita

the

how teachers use the TablePortal technique to meanag

learning in a formal educational setting, and whetthe
features we included in light of our design pritegpwere
effective in real classroom activity.

The observational study was conducted in the ntolich
based classroom we built, shown in Figure 6. This
environment represents our view of the futuristasssroom

in which multi-touch surfaces are seamlessly irgtgt into
the fabric of the classroom. The teacher has &necityle
multi-touch surface (Figure 6.a) on which he/sheksdo
manage the classroom activity with the support lof t
TablePortal technique. Students have four flat intaitch
tables, especially designed to have sit-to-usee Hfylgure
6.b). Both teacher's and students’ tables are shffu
illumination (DI) based surfaces with rear-projectithat,
with the current vision system software, support 30
simultaneous touches. Additionally, one single-touc
vertical display (Figure 6.c) is available to shovaterial
that needs to be discussed on a global basisaBlés and
the vertical display are connected to the same In&Nvork

icon
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classroom:

Figure 6: SynergyNet
teacher’s multi-touch table. (b) Students’ multi-
touch desk. (c) Vertical display.

(@ The

get a mystery task from the teacher, and then dhasg as
much data as possible, from the provided artifatbs,
formulate a coherent story that answers the mystery
guestion. Artifacts can be moved, rotated and eesirsing

the common multi-touch hand gestures.

The teacher was in charge of managing the wholsscla
activity from the teacher’s table, issuing speciiets of
artifacts to specific tables, monitoring progre$she task,
and giving assistance to students while they werekiwg.
Prior to the task, the teacher was given 20 minttes
interact with the table and discover the TableRorta
interface and functionalities. The given instrunSowere
deliberately kept to a minimum in order to deternihe
extent to which the techniques are intuitively digerable.
Children were also given a similar time prior tgpexment

in order to train on interacting with the multi-thusurface
using a set of fun activates. Each classroom sedagied
between 45 and 60 minutes and all actions wereovéahel
audio recorded. A post-task interview was conduetét
each teacher.

Observations and Results
We analyzed video from the two sessions to invatgig

that achieves a 10Mbps data transmission rate. Thewow teachers used the TablePortal widget to mariage

TablePortal technique will be used in this classrotm
enable the teacher to manage learning tasks andtanon
student activities.

Method and Task

Our classroom was used by two visiting groups fianior
schools. Each group comprised 12 10-years old laoygs
girls with their school teacher. In each sessiomchiddren
were seated around each of the four multi-touctesafsee
Figure 7.a). The teacher worked on the lectertegble
to manage and monitor the learning task. Neithactters
nor students had had prior exposure to multi-tausfaces.

We used ‘mysteries’ as a learning task in the obass.
Each mystery typically consists of 15-30 digitaipsl
containing the data needed to solve a conceptuxdlligm
by answering an open question. Students around tahid
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classroom activity. We were primarily interested Haw
they used TablePortal’s interaction metaphors acheg
and in any problems they had while using them. fbloais
was on teacher-student communication and overall
classroom management.

Observations from the exploratory period indicatbat
teachers were able to discover most of TableP@&lres
including the interaction with the students’ tabldke
manipulation of the widget, object transfer andigation
through the remote view. However, they needed éurth
instructions on how to set the orientation-adapied.

When the learning session started, teachers began b
choosing a particular mystery and explaining thebpgm
for which the students needed to provide a solution
Teachers then distributed the mystery’s contentthe
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Figure 7: (a) Students are solving a mystery. (b) A teacher is using the TablePortal to interact with students’ tables.
(b) Projecting a students’ table on the vertical display for whole class discussion.

students’ tables using the teacher’s control panedend
content to a particular (or all) table(s).

TablePortal to monitor students’ tables

After setting the mystery’'s content on all the s’
tables, each teacher created four TablePortal coemis on
the teacher’s table to access the four studeniéega(see
Figure 7.b). To enable teachers to easily map &k to
its TablePortal, tables were assigned differenbwd (e.g.,
red, green, yellow and blue) and the enclosing é&afthe
ablePortal widget was coloured accordingly. Onethsf
teachers aimed to make mapping easier by organthiag
TablePortal components on the table so that theighad
the layout of tables in the room.

While students were working collaboratively, allntent
transformations on the students’ tables were begfigcted
in real time through the TablePortal componentstlos
teacher's table. Due to the small initial size dfet
TablePortal components, teachers
artifacts on the students’ tables were unread&itaigh the
TablePortals. Teachers resolved this by monitotaiges
separately by choosing one TablePortal at a timé an
enlarging it to cover the whole space on the tabhe other
TablePortals were shrunken and kept behind so tttet
took up less space until they were needed. The teemo
content became clearly visible and reachable afitarging
the TablePortal.

A remarkable observation was the way teachers augdbi
the TablePortal approach with their familiar pedagado
monitor and intervene in ongoing activities. As ttask
progressed, teachers used a strategy of trackiagges
through the on-screen TablePortals and then maaiognd
the classroom to ensure that all students werécjpating.
They realized that the TablePortal components sboky
content changes but do not show “who did what”. ey,
the TablePortal helped teachers to monitor, ims#e what
was happening at each table until they knew whesh an
where they needed to intervene. For a teacher twkn
when to intervene in a group’s activity is diffictib judge.
Intervention too soon may disrupt discussion wherea
failure to intervene when a group is having diffigumay
result in pupils’ becoming frustrated and going td6k.
Using the TablePortal to remotely monitor a grolgt is in
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reported that most”

full discussion is likely to encourage them to toydraw a
teacher into to their conversation.

Although teachers could remotely manipulate art§famn
tables, they rarely used this facility to intervénestudents’
work, and preferred to visit students’ tables toedily
interact with content. This could be explained Hbe t
teachers’ common experience of assisting studéntsigh
one-to-one or small group conversations. This eldiwates
that the TablePortal worked as a complimentary tooinig
strategy to passive listening, talking with a gadar group
and walking around observing.

TablePortal to mix group and whole class discussion s
TablePortal also allowed a mix of group and whdEss
discussion throughout the learning task. It wascadtthat
teachers looked at all the table layouts through
TablePortals, compared them with observed talk and
interaction, and then selected the appropriate pgoon
hich to focus in whole class discussion. Answemsnf
particular tables were linked to the vertical sore®
provide a focal point for class discussion, as shaw
Figure 7.c. The transition from a students’ taldethe
vertical display was controlled by the teacher gsthe
approach shown in Figure 5. This enabled the teatthe
rapidly vary the teacher-student dialogue between
individual groups and the whole class.

Navigation and zoom features

There were several instances where teachers wantéew
two or more tables simultaneously for side-by-side
comparison of students’ solutions. However, theitéoh
space on the table obstructed the ability to vieultigie
TablePortals while maintaining good readability loath.
Enlarging a TablePortal provided a clear view attbst of
occluding other components on the table. Thus,hexac
attempted to scale down the TablePortal widgetwdoide
space on the table to view multiple students’ tabksfter
arranging the scaled-down TablePortals to matchr the
needs, teachers tried to use the navigation coetrah
order to explore and zoom-in target areas withirdets’
tables without needing to resize the whole Tabl&fPor
widget. Due to the nature of the given task, teexhad to
zoom-in frequently to reach and read small artfaeind
then zoom-out to check the overall solution. Thiguired
extra time and effort from teachers to monitor trire
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students’ table. However, the navigation controller
eventually enabled teachers to reach and read wifgcta
on the students’ tables.

One teacher also used the navigation and zoomré=ain
an unexpected way. We anticipated that the nawigand
zoom features would be used only for detailed amtipe
interaction on student workspaces. However, oaehier
occasionally used them while discussing studentsivars
on the vertical display in order to focus discussin a
specific part of the answer or to enlarge the viewnake
some artifacts easy to read by all students.

Orientation-adapted view

Teachers also explored the orientation-adapted \aed
reported that it was very useful. While monitorstgdents’
tables without adapting the orientation of content,
recordings showed teachers frequently turning theads
or rotating the whole TablePortal. Because studemte
moving and rotating artifacts frequently, this cdicgted
the teacher’s ability to read them. After adaptimg content
to make all artifacts face the teacher, they indidahat
they could rapidly read and assess the studentstiGo.
They also were able to watch other content charmes
students, such as positioning, resizing or passiigs
between personal territories.

Adapting content orientation was also useful when
discussing students’ answers on the vertical djspiNo
matter how the artifacts were oriented on the sitgle
tables, teachers tended to reorient content fowiaig on
the vertical display so that all students couldirig@asily.

Teachers’ Responses

Overall, teachers reported that they felt comfdetalsing
the TablePortal. Also, they did not have noticeable
problems with controls. One of the teachers saad the
TablePortal “enabled me to see the level and pattér
activity in different groups” and that “it enhancete
repertoire of pedagogic strategies open to thehtzac
However, he indicated that the position of the heas
table allowed children to watch things on it andsth
sometimes distracted those who enjoyed playing with
slips to watch them move on the teacher’s tableotier
teacher said that “the ability to link the Tablefdbto the
vertical screen allowed me to maintain an emphasis
group problem solving but to vary the size of theup
from three children on one table to the whole ctass back
again”. Both teachers declared that the childrerevmeore
actively engaged in discussions with each othewitir the
teacher than they were while performing the sarsk ita a
traditional classroom. One teacher attributed thieaaced
level of engagement to “the flexible interaction igvh
enabled them to enlarge important artifacts focwssion
and shrink those that were less important, a thimat
cannot be done with the paper version of mysteries
Teachers agreed that the technique improved classro
management by enabling an immediate and non-imtegfe
monitoring of group activities without the need vit
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students’ tables frequently. This eventually helpgein to
provide more immediate and in-dept help for stuslent

One of the teachers declared that the navigatignzaom
functions improved teaching and discussion by varythe
children's focus and their perspective. Teachene aéso
happy with the intuitive interface and interactioifered by
the multi-touch surface, which made most aspectshef
TablePortal technique discoverable and easy towite
minimal instructions. They also found the experimen
enjoyable and they want to cooperate with us tgptdore
elements of the school curriculum for use in thétintouch
based classroom.

Teachers also provided useful suggestions to ingrov
classroom management and teaching using the Tatd¢Po
technique. For instance, a teacher suggestedhbathility

to lock interaction with students’ tables would tseful as

a way to enhance the transition stages of lessbtesalso
wanted the TablePortal to record and replay graimes

to enable teachers to show the development ofia tfa
thought, to review their teaching and to reflect their
practices.

Limitations

The experiment revealed some limitations in
TablePortal approach. First, it requires a largeam of
space on the teacher's table, especially whenpteutébles
need to be viewed simultaneously. Second, only one
TablePortal at one time can be linked and viewedhen
vertical display. There were some instances wheaehers
wanted to show, and discuss with the class, mae tme
group solution on the screen. Third, the naturthefgiven
task did not require artifacts to be transferreahfrone
students’ table to another. Thus, the ability tansfer
content from a table to another was not tested Hyy t
teachers. This feature would be useful for collabioe
tasks in which individuals on separate tables rteeshare
the same content.

Although our early observations showed improveelewof
classroom management and students’ engagemenasa cl
discussions, further studies are required to umaledsthe
impact of centrally-managed tabletop environments o
students’ learning outcomes. This will be considareour
future work.

IMPLEMENTATION

When we started to think about integrating multieto
surfaces in classrooms, we decided to provide not a
specific application but also a skeleton that woeidhble
researchers and developers to easily link togetheiti-
touch tables and to build a variety of rich mudtisth
applications for educational use. For that purpase puilt
SynergySpace [23], an open source software franewor
offer two integrated layers of software developméritst,

it enables rapid development of visually-rich midtich
applications using an extensible library of OpenGL
components. Then, it enables tabletops to be ekskgd
via a network and allow for the integration of war$
networking functionalities to upgrade the systenr fo

the
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distributed use. For example, it allows contenthsas text,
video, images and documents, to be seamlessly nfowed
table to table. One table can establish a view raftteer
table and see content updates synchronously. Nailtip
tables can share the same content-space, alloafigstto
collaborate on the same task. Teachers can also atgy
table or view all tables simultaneously as welkagage in
command-and-control activities that facilitate sla®m
management. All these functionalities can be used a
customized in applications using an easy-to-use RBther
than being focused on a specific application, tbal s to
develop a software system that facilitates singldet
collaboration and whole-classroom collaboration. e Th
SynergySpace framework is built in Java, using veati
OpenGL bindings via jMonkeyEngine [12], a commelcia
grade scene-graph API. Using this platform, it hagn
possible to use libraries that read PDFs, officeudtents
and videos, as well as giving access to hardwareleated

audio and the Open Dynamics Engine physics system.

SynergySpace is freely available for academic uéth a
set of demo applications to present all the fumetibies
mentioned above.

We used the SynergySpace framework to render the

TablePortal interface and other digital artifactgero the
multi-touch  surface. TablePortal utilizes network
communication to access and retrieve artifacts @ t
remote tabletop and replicate them inside the TRudrkal
interface. Through the tree structure of the Tabi&®,
replicated artifacts are added as child componeatssing
any transformation of the TablePortal frame to cfféhe
total transformation of the child artifacts. Thinables
users, for example, to rotate, translate or sdadevthole
view by applying the relevant gesture on the paframe.
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develop environments of networked multi-touch stefa
that can bring this technology to classrooms in tiear

future. This requires novel interfaces that canieeh a

reasonable level of central management and renuuiesa
capabilities while addressing the unique requirasesf

multi-touch tabletop displays. The work in this pap
contributes to the state of art in tabletops bylekpg the

teacher’s role and social pedagogy when integratingi-

touch surfaces in classroom environments. It ptssan

interaction technique, called TablePortal, whictilfa@ates a
teacher-centric approach in classroom environmdayts
enabling the following functional capabilities:

» Flexible monitoring and interaction with multiple
students’ tables through the teacher’s table.

» Flexible navigation and exploration of areas okiast
within students’ tables.

 Orientation-adapted views to allow for real-time

monitoring of remote content while context remains

comprehensible and easy to read.

» Resolution of orientation problems when

horizontal and vertical displays.

Transfer of artifacts between tables by means af-dr

and-drop.

While some of our design choices draw from différen

aspects of existing techniques, much of the rebealue is

in exploring the unique requirements and design

considerations of multi-touch based classrooms ted

affordances of enabling a teacher-centric approgh

remote control and monitoring of students’ tables.

linking

We also reported early observations of operating th
TablePortal technique in a classroom of networkedtim
touch surfaces. The use of the technique in a forma
educational setting with school teachers and puplped

Input events applied on the TablePortal content are g get a broader insight into how the multi-touch
dispatched and applied on the corresponding remotgechnology integrates into classroom activities athing

tabletop and vise versa. This keeps the TablePcotatent
synchronized with the original artifacts. Each TEddirtal
also has its own viewport by projecting the scersdee it
to the position of a virtual camera. This enablasigation
through the TablePortal’'s content by moving or tintathe
viewport's camera. Navigating through the scendicaied
inside the TablePortal gives the illusion of natiga
through the original scene on the remote table.

The replication of the primary artifacts inside the
TablePortal interface allows to make use of therdtéinces
provided by the primary artifact but, at the sarnmaet
adjust it by computer-supported functionality t@gart the
viewer’'s needs. For example, the orientation-aadhptew

is achieved by applying a filter to the synchrotizma
channel in order to mask orientation changes armuh th
replace them with those set by the viewer. Thigcisieved
without affecting the synchronization of other cbes
applied locally on the remote tabletop.

CONCLUSION AND FUTURE WORK
Research in multi-touch surfaces has advanced denadily
over the last few years. We believe that there ieed to

195

pedagogies. To our knowledge, our classroom enwieat

is the first to integrate networked multi-touch l&bps to
support classroom flexibility by enabling seamless
transition between teacher-led activities and sitgle
collaborative activities. Preliminary results supgp@ur
design choices and show an enhanced level of tBache
awareness, flexible monitoring, and a positive iotfpa the
social pedagogy in the classroom. Results alscatesame
limitations in our approach that we hope to consideour
future work. In the discussion of the implementatghase,
we introduced SynergySpace, the software framewark
built and used to implement the TablePortal, andckvh
offers solutions to building a wide range of apations for
both remote and co-located collaboration over mialich
tabletops, particularly in classroom environments.

In our future work we are going to set up the midtich
tables in schools to explore the potential of mtdtich
surfaces in real classroom environments and the flud
ways for students and teachers to interact with the
technology and to communicate with each other. ile w
also investigate the development of curricula, ged&al
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supports and a wide variety of learning tasks tby fu
integrate this technology into classrooms.
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