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ABSTRACT

We describe the iterative design of two collabemti
storytelling technologies for young children, KidPand
the Klump. We focus on the idea of designing irteek to
subtly encourage collaboration so that childreniavied

to discover the added benefits of working togethdris
idea has been motivated by our experiences of Lesinky
versions of our technologies in schools in Swedmh the
UK. We compare the approach of encouraging
collaboration with other approaches to synchrogjzin
shared interfaces. We describe how we have reuised
technologies to encourage collaboration and toecefl
design suggestions made by the children themselves.

Keywords
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INTRODUCTION

Collaboration is an important skill for young chidth to
learn. Educational research has found that workinggirs

or small groups can have beneficial effects onniegrand
development, particularly in early years and primar
education [14, 19, 20]. Technology offers an opymity to
support and facilitate collaborative learning in nya
respects [1, 13]. The computer can provide a common
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must be addressed, not least of which is the leanaehine
interface. Today's technology is designed to supeither

one individual at one computer, or one individual
collaborating with another individual at a diffeten
computer. However, much if not most, classroom mater

use involves pairs or small groups sharing the same
computer, especially in primary or elementary séhoo
What we have come to callshoulder-to-shoulder
collaboration as distinct from distributed collaboration, is
not well supported with today’s interfaces.

In this paper, we explore the design of storytgllin
technologies to help develop collaboration skili€hildren
aged 5-7 years. This is a particularly interestingup to
work with because previous research has shownfisigmi
changes in the ability to collaborate effectivelithin this
age range [21]. Young children find it difficult to
collaborate effectively. Informal observation ofhlgior in
our project has found that the youngest childrgeda4 and
5) have the most difficulty in working collaboratly and
cannot work effectively at all in groups greatearii®.

We introduce an approach to the design of shated@tes
that involves subtlyencouragingchildren to explore the
possibilities of collaborating, without forcing tineto do so.
The aim is to provide opportunities for childrendigcover
the positive benefits of working together, for exdenby

frame of reference and can be used to support theP€ing able to create new graphics and effects lieir t

development of ideas between children. Howeverthagei
learning nor collaboration will occur simply becausvo
children share the same computer [13]. Numerouwifac

HCIL Technical Report No. 99-28 (November 1999);
http://mwww.cs.umd.edu/hcil

stories.

Encouraging collaboration is more proactive tharly on
enabling collaboration. Something new is gained by
choosing to work together, although the childrery nvark
independently if they wish. On the other handsihot as
rigid asenforcingcollaboration, for example by demanding
that two children have to synchronize their actionsrder
to succeed, an approach that has been tried befibine
some positive gains in terms of individual develemtn[5].
The approach of encouraging collaboration is intehtb



combine the educational goal of learning collabomat
skills with our design philosophy of giving childreontrol

design team. To accomplish this, a year-long seok
technology design sessions were conducted in tlwoods

as much as possible. We also suspect that long-termin England and Sweden involving more than 100 chiid

educational gains might be made when children #isco
collaboration for themselves.

From an HCI point of view, the terms encouraging,
enabling and enforcing collaboration can be related
previous approaches to the design of shared ictsfa
Early approaches such as “What You See is Whatel' Se
(WYSIWIS) enforced strict synchronization of diféert
users’ views onto a shared workspace [16]. Subsgque
approaches such as relaxed-WYSIWIS [15], coupletth wi
techniques for promoting multi-user awareness [addl
concurrency control mechanisms for interleaving rsise
actions [10] have focussed on enabling the pogyitnif
collaboration while retaining a high degree of indial
autonomy. The approach of encouraging collabordiem
somewhere between these two and so offers a ndanvar
on approaches to designing shared interfaces.

The research described here has been carried thi Wie
KidStory project, a collaboration between researghe
classroom teachers, and children (5-7 years oldnfr
England, Sweden, and the United States. The goéheof
project is to develop collaborative storytellingheologies
for young children. The KidStory technologies agséd on
the approach of Single Display Groupware (SDG), rehe
several children interact with a single displayngsinultiple
input devices, for example, two independent mice
[6,4,12,18,17]. In its first phase, KidStory hasrkex with
two pre-existing technologies, a shared drawing ¢tadled
KidPad [8] and a shared 3D environment called therip
(an application of the DIVE collaborative virtual
environment system [9]), both initially with one os® and
later with multiple mice. KidStory has used thetioels of
cooperative inquiry [7], to involve children as te@ology
design partners in an intergenerational and ingeiplinary

The following section describes the initial KidStor
technologies. We then introduce the approach afjdeg
interfaces to encourage collaboration and desdishgse in
the redesign of KidPad and the Klump.

THE INITIAL VERSIONS OF KIDPAD and THE KLUMP

We have been working with two collaborative stoltirig
technologies, KidPad and the Klump. Both enable two
more children to create and tell stories togetbat, differ
in style, KidPad being derived from drawing and iKiemp
from sculpting or modeling. In the following we deibe
them as they were at the start of this researdbyddeing
extended to encourage collaboration.

KidPad

KidPad is a shared 2D drawing tool that incorpaate
zooming interface. Children can bring their sterte life

by zooming between drawing elements (see Figure 1).
Zooming and spatial structure lie at the heart afRad,
since they enable children to add narrative strecto their
stories by dynamically moving between differenttparf a
drawing. The creation of a story in KidPad, whiokidlves
creating links and zooming between picture/scenes o
zooming deeper into the scene, is intended to atiosy
development of non-linear, complex structured etori
These story representations might make salientlittkes
between scenes and the overall structure of thy.stde
anticipate that the focus of the children’s ati@mton these
features of the story structure will provide new
opportunities for learning, in a different and cdempentary
way to the creation of a story using more traddion
drawing or word-processing packages.

The KidPad interface is designed around a series of
graphical “local tools* that children pick up anpipdy using
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Figure 1: A sequence of views in KidPad as we zoom

into a simple story (from left to right, and then t

op to bottom)



a mouse [3]. The tools are: creating a hierarchical scenegraph for 2D grapdicsMID

Crayons — different coloured crayons can be used to createSUPPOrts multiple input devices for Java.

drawing elements. The Klump

Arrow —a selection tool that can pick up and move object [N contrast to the drawing based approach of KidRad
second storytelling tool, the Klump is based onadeling
approach. The Klump is a collaborative 3D storitglitool
Magic wand — can be used to create zooms betweenbased around an amorphous 3D object (in fact, ek

Eraser — can be used to delete drawing elements.

different drawing elements. The child selects thawihg deformable 3D polygon mesh) that can be stretched,
element to be the start of the zoom followed by the textured and coloured and that makes sounds dmftges
destination element and sees an arrow linkingwioe t and is manipulated. Figure 3 shows an image oKthep

Hand — can be used to activate zooms when the story is2ftér it has been stretched and textured.
being told. Selecting the start point of the zowmitidtes an
animated zoom to the end point.

Turn alive — this tool animates a story element by causing
its outline to ripple, making it appear to be alive

Bulletin Board — this tool enables children to save stories
to a bulletin board.

Toolbox — this special tool is used to organize the other
tools, and can be opened or closed.

KidPad is a Single Display Groupware system, which
means that it supports several mice plugged ingingle
computer. Two or more children can independentighgr
and use different tools at the same time usingr thein
mice. Any free tool can be picked up and the chitdsee
each other’s cursors. As a result, this initial siem of
KidPad could be said tenablecollaboration — the children
can choose to work together or individually. Figdrshows

an example of the KidPad interface.

Figure 3: The Klump, a deformable 3D modeling objec  t

As with KidPad, two or more children can manipultte
Klump at the same time. The Klump is intended toabe
more improvisational storytelling tool than a stired one.
Our aim is for the Klump to provide a starting gofar
Py generating stories and characters in a way thédrkpage
sometimes may not. In other words, the real-time
exploration of the properties of the Klump mightdeto the
creation of simple stories. We also intend thatfibeible
_, and amorphous nature of the Klump might inspireidew
range of different stories. Again, by supportingdyonous

. , e multi-user access and by displaying the childrenisors to
“‘ one another, the Klump enables collaboration. Trital
version of the Klump can be manipulated in thedfelhg
ways:

_
w w /‘}A ’ H Stretching — a point on the surface of the Klump can be
4

|.ﬂ| grabbed using the mouse and can be pulled to defsrm
- shape. There is an option to switch between pulisgngle
vertex and a group of vertices, thereby changiegkthd of
deformation that occurs. The single vertex optiolispout
KidPad is built on the Jaz{2] and MID? open source Java 4 thin volume of the Klump, whereas the group atives
toolkits. Jazz supports Zoomable User Interfaces by pylls out a thick volume. There is also a buttorrdturn

the Klump back to its original spherical shape.

Figure 2: The initial version of KidPad showing all the
toolboxes open at once with four simultaneous users

Texturing — a variety of pre-defined textures may be
applied to the surface of the Klump by selectinggdns on
the interface. These textures allow different facia
expressions to be added to the front side of thamigl

1 Jazz is available dtttp://www.cs.umd.edu/hcil/jazz
2 MID is available at http://www.cs.umd.edu/hcil/mid



giving it a sense of character, and enable its drackd
colors to be changed.

Rotating — the texture on the surface of the Klump can be
grasped and rotated around to a new position.

Finally, the Klump makes a variety of sounds tolef
these different manipulations.

INTERFACES TO ENCOURAGE COLLABORATION

The core technical innovation of this paper is ithea of
designing interfaces to encourage or invite chiidte
collaborate. This has been motivated by our expeeg of
using the initial versions of KidPad and the Klumptwo
schools, one in Sweden and one in England, dutieg t
1998-1999 school year as part of a program of iietv
that included:

e contextual inquiry — sessions to observe how children
work with existing storytelling technologies (e.g.,
crayons and paper) and how they collaborate.

e participatory design — initial sessions to establish the
children in the role of design partners and co4mees
of technology, followed by sessions with KidPad and
the Klump aimed at eliciting specific design
suggestions. These are reflected in the redesitresé
technologies described later on.

e evaluation of the technologies- observations of how
the children used the initial versions of KidPad &me
Klump.

Over the course of the year, the combination ofs¢he
activities has resulted in more than fifty sessimnschools
involving more than one hundred five and seven ydds.
At the peak of this activity, there were weeklytiapatory
design and contextual inquiry sessions.

Children were observed with respect to collabogativ
behavior and their ability to use the technology tédi
stories. Children and teachers were encouragedodde
feedback on these technologies that would instigaéages
in design. Although after a few months, small-grcamd
whole-class collaborative storytelling activitiegn being
performed using these technologies, it was evidbat
some children found collaborating difficult.

Interfaces that encourage collaboration were prep@s a
way of addressing this problensuch interfaces should
provide opportunities for children to discover thesitive
benefits of working together. Ideally, this shoulzk

In its strictest interpretation, the approach of@mmaging
collaboration without enforcing it would requireatha
single child could achieve on their own any actilbat two
children could achieve together, but that the tvauld do
so in an easier, more efficient or more fun wayweleer, a
more relaxed interpretation, is that a single ch#éah carry
out all of the major classes of action supportedhgytool,
but that by working together, two children can avbi
subtle extensions to and variations on these &tibor
example, a single child or two children working
independently can create a functioning drawing idRéd,
but two children collaborating can create an enbdrane.
This more relaxed approach is the one that we hdwopted

in revising KidPad and the Klump. However, before
describing their redesign, we briefly digress tosider the
more general relationship between the approach of
encouraging collaboration and previous work ondésign

of shared interfaces in some more detail.

Relationship to previous work on shared interfaces

Up to now, we have introduced the idea of interdattet

encourage collaboration within the context of edioceal

applications. We now consider its broader relatigmgo

CSCW technologies, especially how it compares twerot
approaches to synchronizing shared interfaces

How to synchronize shared interfaces has been @rmaj
concern for CSCW research. This has predominantly
focused on distributed groupware where multiplersise
share a common workspace, for example a shared
document, 2-D sketch tool or 3-D virtual world, ngpi
separate displays connected over a computer netviiork
such cases, the problem of synchronization canrbadty
broken down into two parts.

How to synchronize what different users see®@ne of the
first approaches was WYSIWIS (What You See Is What
See) where different users at different displaysevierced
to see the same part of a virtual workspace [LépeEence
with WYSIWIS led to less strictly coupled approasiled
relaxed WYSIWIS where different user's views could
diverge [15]. Systems adopting this approach tylyica
introduce additional functionality to support usersbeing
aware of where others are looking and what theydaneg.
This may take the form of various awareness widgetsh
as ‘radar views’' in 2D workspaces [11] or visibleeu
embodiments (‘avatars’) in 3D systems [9].

How to synchronize object manipulations™any CSCW

achieved in as subtle and natural a way as possiblesystems allow users to collaboratively manipulabgects,

avoiding forced solutions. As noted in the introfitue,
encouraging collaboration is more proactive tharly on
enabling it as was the case with the initial versions of
KidPad and the Klump described previously. On tteeio
hand it is not as extreme as strictly requirindatmration,
for example, demanding that two children have tespra
button together to achieve an action, the approbahwe
described as “enforcing collaboration”.

changing their state. Examples include jointly iedita
shared document or grasping and moving objects in a
virtual world. This raises the problem of how tceypent
conflicting updates. The most common solution isneo
form of locking, including simple turn-taking pratols,
optimistic locking, non-optimistic locking and saization
protocols that allow participants to interleaveirttactions
at various granularities [10]. Another option iscisb
locking where given sufficient mutual awarenesserigs



may be able to negotiate mutual access with mingystem
intervention.

We suggest that these various strategies can lsetbc
along a “collaboration continuum” according to tietent
to which they constrain individual autonomy and dech
collaboration or leave users free to act indepethgle@ne
extreme of the continuum involves what we haveechll
enforcing collaborationwhere the users are locked in step
with one another. WYSIWIS and strict turn-takinghdae
found here. So can the work of Light, Foot and Gafn,
who modified the input of a standard computer s tivo
students had to enter information at the same time
succeed [5]. A kind of dual key control was usdtwas
found that this enforcement of collaboration immgdv
individual cognitive development. At the other extre is
what we have callegnabling collaboration where the
users can act independently, are mutually aware aaad
free to coordinate their actions if they wish. Reld
WYSIWIS and social locking can be found here.

Our approach oéncouraging collaboratioties somewhere
between the two. It is not so strict as to requisers to
work together, but it provides some explicit motiga for
them to do so in terms of added benefit. As notadies,
encouraging collaboration can be interpreted irfiedsht

various schools sessions. Our overall strategy teas
introduce design changes that satisfied two caiteri

« first they should encourage collaborative actijvity
reflecting the project’'s educational agenda andtieg
to the observations noted previously.

second, they should be based on the children’s own
design suggestions, emerging from the cooperative
inquiry process.

Our general approach has been to use the moreefidgu
occurring of the children’s ideas as the basisdeciding

on new functionality, but to realize this functidiba

through the approach of “encouraging collaboration”

Redesign of KidPad

The basic approach that we followed in redesighirtiPad

to encourage collaboration was to support tool fngk

By this, we mean that when two (or sometimes more)
children each use mixable tools at about the same dand
place, the tools give enhanced functionality.

As a concrete example of this approach, consider th
operation of the crayons in KidPad. The initial sien
provided three colors. A frequent design suggestiom
the children was to provide more colors. We immisdya
added three more crayons, but that wasn’t enouGhur

ways. The case where a Single user could aChieye anfinal solution is to enable children to collaborased

action, but multiple users can achieve it in a wlagt is
easier or more fun lies towards the enabling endhef
continuum. The case where a single user can catrgach
general class of action, but where multiple useas c
achieve enhanced actions lies towards the enfossidg

It should be noted that a single CSCW system can us
different approaches for different actions. For regke,
collaborative  virtual environments often  enable
collaboration for viewpoint control (each user stetheir
own viewpoint, but is made aware of others’ viewp®i
through their embodiments), but enforce it for cbje
manipulation (there is a turn-taking or coarse iogk
protocol regarding who can grab a virtual object).

This discussion raises the question of how the agagbr of
encouraging collaboration might be applied in arether
than educational applications. One possible apjdicarea

combine their crayons to produce new colors. If two
children draw with two crayons close together, thiba
result is a filled area between the two crayonssghoolor

is the mix of the two. In this case, the childree @ot
prevented from drawing as individuals, but they cmmn
additional benefit (new colors and filled areas)vimyrking
together.

Applying our approach involves examining combinasi@f
actions to look for interesting benefits and effett/e can
consider all actions combined with themselves,
example, what happens when two selection toolsuaesl
together in KidPad? We can also consider how agtion
combine with other actions, for example, what might
happen if one child rotates the Klump while another
stretches it? In each case, we look for effectd Hra
natural and useful rather than contrived.

for

is in entertainment and games applications where a5 described above, crayons in KidPad now work way

participants might choose to collaborate, poolihgitees
and resources to mutual benefit. Another more subtl
approach might be in situations where participacds
benefit by sharing costs. People increasingly tiayey for
the use of network resources, for example in vided
audio streaming. Users who agree to collaborate, fo
example to receive or manipulate the same infoomati
might be rewarded by sharing the costs between.them

REDESIGNING KIDPAD AND THE KLUMP TO
ENCOURAGE COLLABORATION

We now describe how KidPad and the Klump were
redesigned according to the lessons learned froen th

by drawing a filled in area between the two crayosisig a
color that mixes the two crayon’s colors. By imugcing
collaborative color mixing, we added 15 mixed cslaith

the six crayons, and filled areas while encouraging
collaboration and without adding any new tools (B&gire

4). Also, we added a special “duplicating” tool ttnaakes
copies of other tools so several children couldthsesame
tool type simultaneously. Figure 4 shows the regfesi
interface with two children using mixed crayons.
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Figure 4: Redesigned KidPad interface with mixed
crayons being used. Note that inactive tools are f  aded.

There are three active crayons, and two are current ly
being used to create a “mixed” area.

We built in mixing capability for multiple uses afl tools,

except the magic wand and toolboxes. In every,case
tried to add a special behavior that acts asif & natural
extension from the behavior with a single user. féfethis

design ideal to be important in order to make ieasy as
possible for children to anticipate what the mixezhavior
might be. The mixing behavior we added is:

Crayons— As described above.

and sad faces as well as background textures éothttee
primary colors. These may be applied independestlyas
to combine each of the two faces with the thredpawind
colors. However, by pressing some buttons togettier,
children may arrive at new combined textures. Threw
faces become possible: laughing (pressing happy
happy), a kind of surprised expression (pressimpihand
sad) and crying (pressing sad and sad). In additiom
background colors can be selected together to make
combined colors (similar to combining the crayonsthie
revised KidPad). A single user can also selecttmbined
textures by selecting one button and then anothsinoat
time after (while the first is seen to rotate), ftutequires
speed and skill.

We have also extended the sounds made by the Ktamp
provide feedback as to when collaborative effectsbeeing
triggered, for example, by saying “cool” and “yigie

Figure 5 shows the revised Klump interface. In teater
we see the Klump, currently with its laughing farea red
background. To its left are the two buttons that @ased to
apply happy and sad face textures. To its righaslas three
buttons for applying the colors. Above the Klumpe &wvo

buttons that toggle between using a mouse for ciireg

and using it for rotating. The red button at thetdm

returns the Klump to its original shape.

Figure 6 shows the difference between single-uset a
collaborative stretching. On the left we see thmults of a
single user stretching the Klump, pulling out agtn

Arrow — Two or more children can squash and stretch vertex. On the right we see a collaborative stréteth pulls

selected drawing objects.

out a group of vertices, making a larger defornmatio

Eraser — One user can erase bhits of a drawing object, butFigure 7 shows the different facial expressions taam be

two children can erase an entire drawing objeonat.

Hand — Two or more children can zoom in and out by

moving their hands apart, or closer together, retbay.

Turn Alive — Two or more children can control the
animation properties of a wiggling object by movitige
turn alive tools closer together or further apart.

Redesign of the Klump

In redesigning the Klump to encourage collaboratiae
have focused on combining the actions of stretcling
texturing with themselves.

Stretching — the initial version of the Klump enabled
toggling between two modes of stretching, pullingt a
single vertex and pulling out a group of verticBhe
revised version enables a single child to pull only a
single vertex on their own. However, if two childre
synchronously pull out two vertices that are clasgether
on the Klump’s surface, the result is to pull outvhole
group of vertices. Thus, the added benefit of dalfating
is to be able to make a different shaped deformatio

Texturing — our redesigned version of the Klump enables

the children to apply a limited number of textutesits
surface by pressing buttons. The textures reprdsampy

obtained using the two buttons at the left of thierface.
Faces 1 (happy) and 2 (sad) are obtained by aesimggr
pressing the button. Faces 3 (laughing), 4 (sweg)isnd 5
(crying) are obtained when two users select contioing of
the buttons at once (happy and happy gives laughegpy
and sad gives surprised, sad and sad gives crying).

Initial reflections on the revised interfaces

Although no formal program of evaluation has yetrbe
carried out, the revised versions of KidPad andkhemp
have been tested with a few groups of children.

The revised version of KidPad was introduced tosmiool

in Nottingham. Pairs of children were given the oomn
goal of recreating a well-known nursery rhyme. The
children appeared to collaborate effectively, wogkion
separate parts of the story and then joining tagetd use
the collaborative tools to color in their picture.

and



displayed when the children carry out the action
independently.

The revised versions of both KidPad and the Klungrew
also informally tested with a small group of chddrthat
are design partners at the University of Marylardisnan-
Computer Interaction Lab. This formative evaluatio
showed that it took considerable experience witdR&d
and the Klump for children to make use of the dmlative
tools. For example, in a one-hour session wheceloys
(ages 10 and 8) used the Klump, it took almost &tutas
for the children to discover the collaborative teas.
(These children on a previous occasion had useéss |
collaborative version of the Klump for a twenty mii@
session). They were then shown the collaboratieg¢ufes
by an adult. In their comments afterwards said tiey had
enjoyed changing the faces and mixing colors.

Another formative study was carried out with sixlaten

(4 boys/2 girls; ages 7-10) using KidPad. For enrtand a
half session, the three children who had previousiyked
with KidPad (a single-mouse version) showed strong
differences in their use of collaborative toolsrttthe three
other children who had never seen KidPad beforee Th
children formed two teams, and each team workeda on
computer with three mice. The children that alyehdd
used KidPad formed one group, and the childrenttadn’t
used KidPad formed another group. After introducing
KidPad and the new collaborative tools to the grathe
children freely explored the tools for 20 minut&hen, the
children were asked to create a story with at I¢hste
“scenes” to zoom to and from. The experienced obild
had little trouble creating a story. They colladted
throughout the process, making extensive use of the
collaborative tools before starting the story, ngyiout the
different possibilities. However, interestinglyoeigh, they
did not use the collaborative tool behaviors in #utual
story creation.

The children that used KidPad for the first timed ha
harder time collaborating to create a story. Tteeyled to
experiment with the tools, including the collaborattool
behaviors. Most of what they did however was d$xhily.
This group found it hard to identify each otherisrsors
and to negotiate collaboration.

Texiure dve:#/red_happyplus.ipg dane.

Figure 6: single user and collaborative stretching

Figure 7 : facial expressions for the Klump

These early observations suggest that young childre
able to use some of the collaborative features iofPEd
and the Klump and that they can enjoy doing so.tl@n
other hand, the way these features work has to &ddem
more obvious in some cases. Furthermore, discayéhnigm
in the first place is a problem and they had tpbiated out
by an adult on several occasions. On reflectionreedize
that our designs only showed the results of colatig,
but did not highlight in advance when the posdipili
existed. We have therefore begun to revise KidRatlthe
Klump to more explicitly show the potential to @ibrate.
An example of this can be seen in Figure 4 thacisally
taken from the most recent version of KidPad. W dots

Two children from the UK tested the re-designedsigar of
the Klump. While the children explored features thé
Klump, including the collaborative features, theig ehot
show much interest in working together. This mayant,
have been the result of them having no explicitared
goal’. This session, however, did raise an issaé should
be considered when developing tools to encourage
children’s collaboration. When two young childrearny
out a collaborative action, the resulting effecs ha be
really obvious and noticeably different from thefeet



above the crayons are eyes that only appear when th

crayons are close enough for the color mixing alfidg to

Between Children, Technologists, and Educat@idl
97, pp. 463-470.

happen.We hope that steps such as these will help theg, Fahlén, L. E., Brown C. G., Stahl, O., Carlsson, C.

children discover collaborative possibilities foemselves.
SUMMARY AND FUTURE WORK

(1993) A Space Based Model for User Interaction in
Shared Synthetic EnvironmentsterCHI’93

In summary, we have proposed a new approach tol0.Greenberg, S. & Marwood, D. (1994) Real Time

designing shared interfaces that is intended topaup
children in learning to collaborate. The approacalled
encouraging collaboration, allows children to woak
individuals, but gives added benefits if they cheots work
together. We have demonstrated this approach apfdie
the design of two storytelling technologies wittire more
general framework of cooperative inquiry within Uiad

Swedish schools. We have compared our approach with

other user interface mechanisms from CSCW.

Future work will involve further design changeskmPad
and the Klump to reflect our early experiences. Wik
then undertake a more rigorous programme of evaluat
including the development of a more intricate cgdin
system, focusing on verbal and non-verbal collatbara
behaviors, tracked from video recordings of theldchin
and computer tracking of the children’s interacsion
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