Single Display Groupware:

A Model for Co-present Collaboration

Jason Stewart

Computer Science Dept.

Universit yof New Mexico

Albuquerque, NM 87106 jasons@cs.unm.edu

Benjamin B. Bederson

Computer Science Dept. / UMIACS

Human-Computer Interaction Lab

Universit yof Mar yland

College Park, MD 20742

+1 301 405 2764 bederson@cs.umd.edu

Allison Druin

College of Education / UMIACS

Human-Computer Interaction Lab

Universit yof Mar yland

College Park, MD 20742

+1 301 405 7406 allisond@umiacs.umd.edu

ABSTRACT

We introduce a model for supporting collaborative work between people that are physically close to each other. We call this model Single DisplayGroup ware (SDG). In this paper, we describe this model, co mparing it to more traditional remote collaboration. We describe the requirements that SDG places on co mp uter technology, and our understanding of the benefits and costs of SDG systems. Finally, we describe a prototype SDG systemthat we built and the results of a usability test we ran with 60 elementar yschool children.

Keywords

CSCW, Single Display Groupware, children, educational applications, inp ut devices, Pad++, KidPad.

INTRODUCTION

In the early1970’s, researchers at Xerox PARC created an atmo sp here in which they lived and wor ked with technologyo f the future. When the world´s fir st personal co mp uter, the Alto, was invented, it had onlya single keyboard and mouse. T his fundamental design legacyhas carried through to nearlyall moder n co mputer systems. Although networks have allo wed people to collaborate at a distance, the primar yassumption still remains that o nlya single individual would need to access the displayat any time.

Is this a valid assumption? Do we reallywor k in isolation, without the desire to interact with one another around a co mputer?

When designing technology for elementar yschool children, we frequentlyobser ved two, three, and four children cro wded around a co mputer screen each tr ying to interact with the comp uter application [7] . It also appeared to us that children enjoyed their experiences with the co mp uter more if they had control of the mo use and were actively controlling the application. Since there are times when multiple people wo uld like to each interact with a co mp uter application, ho w does the lack o f technological support affect people’s collaborative behavior? Could we as technologydesigners improve collaboration byexplicitlydesigning co mp uter support for collaboration at a single co mp uter display? We believe that we can, and in this paper, we introduce a model for doing so.

We define Single DisplayGroup ware (SDG) to be computer programs that enable co-present users to collaborate via a shared comp uter with a single shared displayand simultaneo us use of multiple input devices.

Recent work including our o wn has begun to explore SDG. In this paper, we attempt to create a framework that ties together these different approaches, and motivate future system designers to include lo w-level support for SDG.

Scenarios

Let us imagine our selves in the co mp uting environment of the not-so-distant future where there is universal support for copresent collaboration:

At work , you are visiting the office of a co-wor ker to get feedback on yo ur latest project. Since the Personal Data

Assistant (PDA) yo u carr yuses wireless net wor king technology, yo u can easily co mmunicate with your co-wor ker´s comp uter. After she approves yo ur log-on request, yo u start up your demo on her mo nitor, and use the touch screen o f the

PDA to control a cursor on her workstation. While she uses her wor kstation´s mouse to use yo ur program, yo u gesture

T o appear in CHI 99 with yo ur cursor indicating the areas you had questions about. As you expected, she finds a number of bugs in yo ur code.

But since you are both able to interact with the soft ware, you work around the bugs witho ut interrupting her or taking the

input device out of her hand.

At the designer´s office , you review the plans for the reno vation of your living roo m. After going o ver so me of the paper

sketches, the designer offers to sho wyou the 3D model of the renovation on his co mp uter. He thinks it will give yo u a

better idea of ho whis plans fit in with the rest of the house. As he guides the programinto the living roo m, he enco urages

yo u to pick up the extra mouse and investigate the layout yourself. Yo u have so me tro uble navigating with the unfamiliar

software at first, but the designer demo nstrates the navigation tools with his mo use and you quickly learn to mimic him.

T ogether yo u both relocate furniture and experiment with different roo mlayo uts and color schemes.

At school , your daughter is finishing work on her latest geo metr y project. She´s having difficultywith the P ythagorean

theoremand asks the teacher for help. T he teacher is busyhelping a group of students wor king at the other collaborative

learning station, so yo ur daughter ´s friend co mes over to help. Her friend picks up one of the unused mice and together

theyexplore the problem. T heywork to gether moving around the squares and triangles and measuring the results until

theyboth feel more co mfortable with the P ythagorean theorem.

Despite the fact that Co mp uter-Supported Cooperative Work (CSCW) is a thriving field, and networked co mputing is o ne of

the biggest selling points of comp uters today, the scenarios described above are not part of today’s world of co mp uting. What

is missing is that the for ms of collaboration we suggest here are co-present collaboration. Most research in CSCW today

focus on supporting people that are wor king apart fro meach other. Co mp uters and networks are ver ywell suited to

supporting remote collaboration, but supporting people that are working together requires solutions to new problems.

Based on the co mputer paradigmdiscussed in this paper, Single DisplayGro up ware (SDG), we suggest an increase in effort

that investigates technologythat brings people together and enhances the interactio n of people working together.

Related Work

Several projects support people collaborating in the same room. T he CoLab project, like other electronic meeting rooms,

provided each member with a desktop co mputer which allo wed private wor k as well as co ntrol of a shared displayat the front

of the roo m [17] . Earlier shared rooms were built b yKrueger as installation art pieces [13] . One drawback of electronic

collaborative rooms is that they req uire expensive, specialized hard ware that is prohibitive to many people who could benefit

fro menhanced support for co-present collaboration, for examp le school children.

T he Liveboard digital whiteboard and the T ivoli application enabled multiple simultaneo us users (both co-present and

remote) to interact with the shared digital whiteboard [17] . T he authors point out that simultaneo us use of the whiteboard

rarelyoccurred and they speculated that the lack of adequate so ftware level support for co-present collaboration (of the kind

presented in this paper) mayhave been the cause.

T he Pebbles project [15] , investigates the use o f handheld Personal Digital Assistants (PDAs) as portable input devices in an

SDG setting. T heyhave also explored the limitations o f current GUI application toolkits and what is needed to make toolkits

support SDG.

Another implementation of SDG was MMM [3] . It enabled multiple co-present user s to interact with multiple editors on the

same co mp uter displayb yproviding each user with an independent input device. T he system was never made available to the

research co mmunity, and no user studies were conducted to investigate the limitations of the idea. MMM was not pursued,

but so me o f the researchers working o n it transferred this technology to stud ythe use o f multi-handed input for single users.

Other researchers have investigated ho wSDG technology could influence gro ups in a lear ning environment. Work b yInkpen

sho wed that b yproviding each user with a separate input device gave significant learning imp rovements, even when o nlyo ne

device could be active at a time. T he active device could be toggled through a predetermined access protocol [10] . This is an

important result because it indicates that SDG could benefit tasks in which both users are not expected to work

simultaneously, such as editing a paper.

Bricker built soft ware architectures that enable building SDG applications that teach collaborative skills [4] . T he guiding

metaphor of applications built with her SDG architecture is the 3-legged race: the goal is not only to run the race faster, but

also to require participants to learn to cooperate in order to be able to run at all. Example applicatio ns include a color-matcher

in which 3 users must find the RGB values for a given color, and a chord matcher where user s find the notes for a given

chord.

Rekimoto´s multi-device approach enables users to create work o n a palmtop co mputer and then move the data onto a shared

public co mputer, such as a digital whiteboard, using the Pick and Drop protocol [18] . Work byGreenberg and Bo yle has also

been investigating the boundaries between p ublic and private work b ydesigning applications that can be used collaboratively

in both an SDG setting using PDAs or over a network using a wor kstation [8] .

McGrath and Hollingshead conducted a critical review of empirical studies to date of ho w technolo gyimpacted group

interaction [14] . An important co ntributio n of this work was a co mprehensive listing of variables that should be evaluated

when testing the effect that any technology has on gro up processes. For example, McGrath lists three outco me variables that

can be measured: task perfor mance, user reactions, and member relations. T he first two o utco me variables are commo nly

measured, but the third, ho wusing technology influences how group members feel about one another, was not co mmo nly

measured.

T here are other examples of technological support for co-present collaboration that we place in the categor yo f hard ware

interfaces. Included in this categor yare vehicles with multiple steering mechanisms, such as aircraft flight controls and driver

education cars. Although these systems enable simultaneous co -present users through multiple input devices, they have little

or no software inter faces and can teach us little about the design of more general-purpose SDG systems. Other examples of

SDG systems include so me multiplayer video games. While these are so ftware based, theyprimarilysupport users

navigating thro ugh scenes and shooting things, playing ball, or fighting. T heydo not support shared creation of infor mation.

And, aside fro mspatial navigation, theydo not support much infor mation retrieval. So, while the social issues of video

games are interesting to SDG designers, they do not offer us much guidance for interface develop ment.

Input Channels and Output Channels

T o better understand the implicatio ns that SDG will have on co mp uter system design we need to investigate ho w SDG

applications differ fro mother applications. User Inter faces co nsist of input channels ˘ which enable user s to co mmunicate

with the co mputer, and output channels ˘ which enable the co mp uter to co mmunicate with its users.

We define an input channel to be an input device that provides independent input to the comp uter. For example, in current

comp uter systems the mo use and the keyboard wo uld not be considered separate input channels since the keyboard input is

dependent upon the mo use for setting keyboard focus.

Future co mputer systems may support an independent mo use and

keyboard but current ones do not, so the typical current system will be described as having only a single input channel. In

so me cases, such as laptop comp uters, a co mp uter has multiple pointing devices, i.e., an external mouse and a trackpad.

T hese devices are also dependent and share the same input channel˙either both share control of the system cursor, or only

one can be active at a time. T his definition co vers the observation that dividing up tasks b ygiving one user the mouse and

another the keyboard is not likely to result in a good collaborative experience [16, p. 89] .

We define an output channel as a part of the co mp uter interface that uses an independent modalityto provide user feedback.

Examples wo uld be a displayfor visual feedback, speakers for audio feedback, and a force-feedback joystick for haptic

feedback. Most current co mputer s have the potential of using both visual and audio feedback, but most UIs use little or no

audio feedback and relyalmost exclusively on visual feedback. T here are exceptions to this, such as audio systems for blind

users, but these are in the o verwhelming minorityo f existing systems. T his could change with future systems, b ut the typical

current systemwill be described as providing a single o utput channel.

Single Display Groupware and Traditional Groupware

Most co mputer applications written todayare single user applications ˘ they have no special support for multiple users. In

contrast, group ware applications are group aware , theyhave a fundamental kno wledge o f multiple users. SDG is a subset

of group ware that focuses on co -present collaboration: multiple user s at the same time and place.

T raditional group ware systems create applications that are intended to be run on multiple workstations and can co mmunicate

with one another across a co mp uter netwo rk. T heyeither communicate in a distrib uted fashion where each database is

synchro nized, or with a single centralized server. Similar to a single user application (Figure 1), a traditional group ware

application provides both a single input channel and a single outp ut channel for each user (Figure 2).

Figure 1: T he User Interf ace fo r Single User App lications

In contrast, SDG applicatio ns provide an input channel for each user through the use of a separate inp ut device, but each must share the single o utput channel (see Figure 3). T hese are the qualities that give SDG applications their unique character: the combinatio n of multiple independent inp ut channels to gether with a single shared output channel.

T here have been traditional group ware systems which chose to use a shared user inter face, or coupled navigation, but the conclusions were that doing so limited the functionalityo f the application for no apparent gain when the users were remote [6, 19] .

T he Model-View-Controller (MVC) language o f the Smalltalk co mmunity provides another wayo f expressing this concept.

T he Model corresponds to the underlying infor mation of the program, the data. T he Viewcorresponds to that part which controls the outp ut channels of the system, while the Controller corresponds to the part that handles the inp ut. T raditional group ware systems have a single shared Model, and since each user has a separate co mputer, each has a separate View-

Controller pair that co mmunicates with the shared Model. SDG systems also have a single shared Model, but differ fro m traditional group ware systems b yo nlyhaving a single shared View through which the co mp uter must give feedback to all users, and a single shared Controller through which all user s interact with the co mp uter. SDG applications co uld have multiple controllers if an application wanted to replicate all user interface elements and provide ever yuser with a unique copy. T his solution seems unlikely to scale as it wo uld quickly take up all available screen space for the user inter face.

Fi g ure 2: T raditional groupw are

Figure 3: Single Display Groupw are

Both the MVC model and the previo us discussion about input channels and outp ut channels, help bring out so me o f the central differences between designing SDG and traditional group ware systems which are:

Shared User Interface . Even tho ugh users have separate input devices, the user interface elements that are used to communicate with the co mputer ( menus, palettes, buttons, etc.) must be designed to handle multiple simultaneous user s. T his restriction corresponds to the single shared Controller in the MVC descriptio n.

Shared Feedback .T he user interface elements used b ythe comp uter to co mmunication state infor matio n to user s (buttons, palettes, etc.) will likewise be shared b yall users and must be capable of relaying infor matio n to all users simultaneo usly.

T his is a consequence of the shared Viewfro mthe MVC discussion.

Coupled Navigation . Whenever one user navigates to a different part of the Model the other users will be affected. If the coupling is tight, then all users will navigate together when one navigates. If the coupling is loose, then other user s mayhave part of their Views obscured by one user navigating to a different area of the Model.

Why Single Display?

We could have chosen to expand the scope of this model to include multiple output devices, and called it Co -Present

Group ware (CPG). T he goal of this wor k, ho wever, was to stud ythe architectural co ncerns that arise while supporting multiuser collaboration around a single Personal Co mputer (PC). T he over whelming majorityo f current PC systems use a display as the main output channel b ywhich to co mmunicate with user s. So me feedback is given using an audio channel, but almost never are touch, taste, or smell used [5, 11] . When users collaborate around a single comp uter, theyco nsider themselves to be collaborating around the displayand not the CPU, hard drive, or CD-ROM drive. For these reasons we chose the single shared displayas the central metap hor for this new paradigm.

T he single displaymetaphor is intended to connote several properties of applications that are designed for co-present use.

Not onlydo such group ware systems have shared data, theyalso possess a shared UI and shared or coupled navigation. What constitutes a single display? If a single co mp uter has multiple displays, does that mean it is not using SDG? What about full wall projection devices that use three projectors to create a single seamless display? What constitutes a display? A blind person mayuse a co mp uter who se onlyfeedback is sound, is SDG therefore not for blind people?

Co-Present Group ware is a more general for mo f SDG, but since the majorityof co mp uters rely almo st solely on a visual displayfor output, we decided that what we lost in generality, we gained back in concreteness. T herefore, we will not include examples which relax the strict conditio ns impo sed byhaving multiple co-present user s at a single display. For example, b yusing a two -monitor co mp uter each user could be given their o wn UI, and the shared user inter face restrictio n no longer applies. Ho wever, if the use of the seco nd monitor is solelyto provide extra physical screen space and not to provide an independent UI, then the conditions still applyand the systemco uld still be considered SDG.

TRADEOFFS IN SINGLE DISPLAY GROUPWARE

Current co mputer systems do little to encourage collaboration of multiple users. Single user systems provide onlyo ne explicit input channel for all user s, so if multiple users attemp t to collaborate using such a systemit is up to the user s to develop a sharing mechanism for utilizing that channel. In contrast, SDG applications will have an inherent notio n of multiple copresent users and will provide each user with an eq uivalent input channel. T his could have an impact on many aspects of using co mputer s together. Some possible benefits are:

· Enabling collaboration that was previouslyinhibited b ysocial barriers. For example, in many cultures there is often a reluctance to invade the personal space of another person. T he personal space surrounding close friends is smaller than that surrounding co-workers and acq uaintances, and the space surrounding stranger s is the largest of the three [9, Chapter

X] . Due to these proximate effects, manypeople may be inhibited fro mattempting to share a co mputer when another person is sitting in front o f it. B yexplicitlyproviding for a separate input channel, the personal space around the person maybe decreased enough to allo w another person to co mfortablyinteract with the co mp uter at the same time.

· Enabling types of interaction that require multiple users . Bricker has explored a number of collaborative interactions that require multiple simultaneo us users at a single co mp uter. T he goal of her research was to create tools that wo uld strengthen collaborative learning [4] .

· Enriching existing collaboration at a co mputer. For example, tur n taking is o ften viewed as unnecessar yand cumber so me

[19] . Enabling multiple input devices will in so me cases enable wor k to be done in parallel, making the collaboration both more efficient and more enjo yable in the eyes of the users [7, 22] . Also, a number of studies have indicated the benefit o f shoulder-to -shoulder collaboration due to the collaborators enhanced verbal and nonverbal co mmunicatio ns [9, pp. 108˘111, 20] .

· Reducing or eliminating conflict when multiple user s attempt to interact with a single application. Often it is difficult to create an appropriate sharing mechanism for the shared channels, or it is difficult to obeythe mechanism created [22] .

Byproviding separate channels, potential conflicts are pushed one step further away.

· Encouraging peer-learning and peer-teaching. When existing single user technologyis used in a collaborative learning setting, the co mpetitio n between users to interact with the application can inhibit the learning benefits o f collaboration

[22] . Byproviding applications with multiple co mmunication channels, it is possible to enrich learning b ydiminishing competition for access to the inp ut channels [16, p. 89] .

· Strengthening co mmunicatio n skills. Because stro ng willed users can no longer mo nopolize a task b ymerely co ntrolling the inp ut device, users may have to co mmunicate more with each other to resolve conflicts.

Alo ng with the potential benefits of the new co mputer paradigmco mes the potential for negative effects:

· Newco nflicts and frustrations may arise between users when theyattempt simultaneous inco mpatible actions. Working in parallel can be an advantage, but it could also be a disadvantage if each user has conflicting agendas. One serious concern in this area is navigation. Since there is only a single shared output channel (the display), if one user decides to navigate elsewhere in the data space, it maynegativelyaffect the other users.

· SDG applications must sq ueeze functionalityinto a ver ylimited screen space, which may result in reduced functio nality compared with similar single-user programs.

· Due to increased processing requirements, SDG applications might be slo wer than a single user versio n, or a traditional group ware versio n.

· Because successful SDG implementation depends o n lo w-level operating system and windowing systemissues, applications may not be ver yportable and might exist for only the mo st popular OSs.

· Co mpleting tasks might take more time, because it is no longer possible for a strong willed user to direct the collaboration bycontrolling the input device.

· Users may actually collaborate less. Because theycan do work in parallel, theymay set about co mpleting their o wn tasks and never co mmunicate with the other users.

In order to build successful SDG applications, these tradeoffs will have to be carefully balanced for each application.

POTENTIAL APPLICATION DOMAINS

SDG is presented to complement the existing single user paradigms, not to replace them. Even so, it is anticipated that there will be collaborative situations in which co -present interaction at a single display will not be as useful as networked synchro nous collaboration or asynchrono us collaboration. We expect SDG to be potentiallyuseful in at least the follo wing domains:

Creative Do main where users are involved in a creative, expressive, or constructive task such as writing, drawing, artistic expression, programming, and brainstor ming. Creative projects often benefit fro mgroup activity and input, but the restrictive nature of current systems can limit expression. T he potential benefits o f using SDG in this do main include being able to work more effectivelyb ywor king in parallel and eliminate unnecessar ytur n taking.

Learning Do main where users are involved in the exploration o f new material such as a problemsolving environment, learning new technology, debugging, or simulations. Lear ning has been sho wn to be a domain in which group activityis important [12] . Learning around current co mp uter systems can create an inequalityin the partners due to the difference in their skills and the restrictions of only having a single input device [7, 10, 22] . Potential benefits o f using SDG in this do main include more effective learning b y being able to work at the same time with the same objects, reducing the cognitive difference between partners by giving each parallel access.

Instruction Do main where one user is more experienced than the other and has skill or knowledge to impart such as training to use software, peer teaching in a classroo m, or infor mal help fro man instructor.

Sales Do ma in where a sales person and custo mer could configure items together. T he crucial point is that b yallo wing custo mers to playan active role in the selection and configuration process they maybe more inclined to choose one product supplier over another.

One area not likelyto benefit fro mSDG is anyapplication that can be best accomplished using a divide-and -conq uer approach, such as data entr y. Because Inkpen´s wor k sho ws that adding multiple input devices can benefit tasks in which users are not expected to work simultaneously, there are many areas in which it is unkno wn ho w effective SDG could be. For example, when collaboratively editing a paper for a conference, wo uld it be effective to use multiple keyboards, or would it be better to provide the second user with highlighting and gesturing tools instead.

LOCAL TOOLS

In order to investigate ho w SDG affects group interactions at a single display, we implemented a general-purpose architecture to build SDG applications, the Local T ools architecture. T he underlying operating system and event model was built using the Linux operating system, and the X Windo wSystem. T he application layer was built using the T k toolkit and Pad++ [2] , and was written in Perl. T his section will describe so me of the important high level issues. While a co mplete description of the architecture and its implementatio n are provided elsewhere [21] , the follo wing discussion is intended as a motivatio n for wh yfuture systems should include lo w-level support for SDG.

T he current Windo ws, Icons, Menus, and Pointers (WIMP) metap hor for building GUI applications has a number of limitations when used to build SDG applications. Manytoolkits have implemented widgets that do not work in the SDG paradigm(e.g., they use global variables that assume single user s). Manyapplications store user state infor mation in global variables leading to shared interface state such as a single pen color or font. Even if these applications were to store state per user, many feedback techniques are insufficient for displaying multi-user state (e. g., applications wo uld have to be redesigned to have an entire interface per user).

At a high level, the interactio n semantics of manywid gets are designed for single users. Should locking mechanism be used to prevent multiple users fro minteracting with the same menubar or scrollbar? Should modal dialog boxes applyto all user s or onlythe user who activated the dialo g? What happens when one user interacts with another user’s selection handles?

Because of these reasons, we chose a different metaphor that appeared to be more appropriate for use in SDG applications.

We developed the ^local tool~ metaphor that represents tools as separate icons that lie on the data surface alo ng with user data [1] .T he goal was to represent all of the applications functionality as tools.

For example, a user chooses a crayon tool for creating freehand lines. T he tool has its o wn pen color and line width. Once the user has chosen the tool, he/she is the only person who can configure the tool to behave differently. B yclicking the crayon o n the color tool, the crayon’s drawing color is changed (the tool changes color to provide feedback), and byclicking on the sharpen tool, the crayo n’s line width is modified (the tool tip changes size to provide feedback). In the tool approach, feedback is made simp ler because each user ’s cursor is already an enlar ged tool icon, whereas more traditional approaches to feedback in SDG systems have required the use of ho me areas or unattractive looking cursor constructs [3, 15] .

KIDPAD

In order to test the Local T ools architecture, it was necessar yto build a multi-user application. Our earlier wor k with building a collaborative drawing programfor children indicated that it would be a rich source of potential conflict and interactio n and it wo uld likely provide a task that could benefit fro mSDG [7] .

Our earlier work also sho wed the importance of using an iterative design process involving children as design partner s when building applications for kids. We felt that iterative design wo uld be even more important when building applications for copresent collaboration. Seventy-t wo children fro ma local elementar yschool helped design and test the KidPad application over a period of seven months. T he starting application consisted of only three tools, one crayon for each user, and a shared eraser. Bythe end of the design process the kids had helped create over 20 different tools.

Since this was to be an application that enabled users to collaboratively create drawings, it was important to payattention to ho wthe application affected user relations and their collaborative behavior more than ho wefficiently drawings could be created [14, p. 95] . One such example is the evolutio n of the eraser tool. T he original eraser was overly simplistic, it wo uld erase the entire drawing. T he kids quickly got frustrated not being able to erase small mistakes without the need to start over fro mscratch, and asked for a better eraser. T he second generatio n eraser allo wed users to erase individual line segments, instead of the entire drawing. Upon addition o f the new eraser tool, however, the collaborative behavior of the groups changed fairly dramatically. T heybecame o verlycritical o f each other ´s wor k (^that´s ugly, get rid of it~) and they spent the majorityo f their time erasing.

A good solution to the problem of erasing took about three weeks of iterative testing, and invo lved the creation of three different tools: a bo mb tool for erasing all of one users work; an eraser with two modes, a rub-out mode that wo uld only erase lines drawn b y the current user and a click mode that wo uld erase any line clicked on; and a hand tool for picking up and mo ving lines. T his co mbination of tools allo wed users to easily erase simple mistakes, easily start over fro m scratch and erase big mistakes without affecting the other user, as well as move lines without having to erase and redrawthem.

Usability Test

T o evaluate the success o f our ideas we conducted a usability test involving 60 students in the 3 rd , 4 th , and 5 th grades of a

Hawthorne Elementar ySchool in Alb uquerque, NM. Students were grouped into same-sex pairs, and were rando mly assigned to either a single input device co ndition, or an SDG conditio n. We summarize the results of this stud yhere.

Earlier pilot studies demonstrated the need to have a positive interdependence on collaborating partner ’s goal str uctures [22] as was indicated byJohnson and Johnso n [12] . T herefore, the children involved in the stud ywere told that theyand their partner were a teamin a design contest sponsored bythe Universityo f New Mexico. T he researchers were building technolo gyfor kids and theywanted to kno w what kids thought about the technologythey used, and what they wanted the technolo gyo f the future to look like. T he teams were asked to complete a series of three drawings that wo uld be entered as a teameffort into the contest, in which all teams wo uld co mpete against o ne another for prizes.

T he children were given access to KidPad with o ne or two mice depending o n the condition to which theywere assigned to.

T heyused KidPad once a week for 15 minutes during their regularly scheduled co mp uter lab for a period of four weeks. At the final session theywere given a switched conditio n: groups that had been using KidPad with only a single device were given multiple devices, and vice versa. All interaction with the application was lo gged, and each session was observed bythe investigators as well as recorded on videotape for later verification of anyobservations. After the final sessio n, the teams were given an infor mal verbal debriefing, to see ho w they felt about their abilityto work together as a gro up in each condition. T heywere asked which condition theyfelt was the easiest to do drawings, which conditio n was the mo st fun, and which condition theywo uld choose for use in other applications. Due to sched uling difficulties only46 of the 60 students were able to co mplete the final session.

Results

One initially surprising result was the data for the post evaluation debriefing. We anticipated that the groups wo uld be split as too which environment would be considered the easiest to use, a single input device or multiple inp ut devices. Only seven children (15%) thought that one device was easiest to co mplete the drawings, while 37 (85%) felt the two device conditio n was easiest, and two children (4%) were undecided. Forty-five children (98%) ans wered that they felt that it was most fun using two devices. Onlyo ne child (2%) tho ught that one device was more fun. T he answers for the final questio n ( which condition kid s wo uld like to use for other co mputer applications) were identical to the answers for the first question ( which condition was most fun). T his suggests that having fun may be more important for kids than efficiency of task co mpletion.

T he children were also given the opportunity to saywh ythey felt either condition was better. T he one girl who preferred the one-input device condition did not say why. T he others described whythey preferred the SDG conditio n. A summar yo f the mo st frequent responses are:

Response Frequency Examples

No turn taking 49% ^We didn´t have to share~

Parallel work 35% ^We can do different stuff at the same time~

So me co mments worth highlighting follo w. In response to our question o f why theypreferred SDG, one child co mmented

^because there´s two mo uses!~ Many of the kids tho ught it was obvious that t wo had to be better than one. Another said, ^if

[ mypartner was stuck and] I wanted to help there´s another mo use~ ˘ peer-teaching was an advantage that even the kids were aware. One girl said, ^[ with two mice] yo u could do whatever you want~ ˘KidPad didn´t enforce collaboration, kids could work individually, if they chose.

T he majorityof kids (20 kids, 77%) who had used the t wo mouse condition co mplained loudly when theywere onlygiven a single mo use for the final session: ^Hey! Where´s the other mo use?~ and ^If there´s onlyone mouse, I´m going back to work at myother co mputer~, were typical reactio ns. T he opposite reaction was commo n in groups that had only used a single mo use and were no w given two mice: ^ Coool!~ was nearlya unanimous response (18 kids, 90%). One girl didn´t want to complete the final session because she was frustrated over having to share. When told she didn´t need to share anymore her attitude changed, and she didn´t want to leave the co mp uter when their session was over.

CONCLUSION

T his paper describes a model for co-present collaboration that we call Single DisplayGroupware. Several research groups have recentlydeveloped for ms of SDG. We have tried to describe a framework for these projects to help understand commo n problems, and to suggest ways that technolo gydevelopers should incorporate low-level support for SDG into their systems, so that the scenarios we introduced in this paper could become a reality.

T he usabilitystudies conducted to date, both byo urselves and others, have indicated that existing technologyhas a number of shortco mings when used for co-present collaboration. It appears that SDG technology enables new interaction modalities and can reduce so me o f the shortco mings observed with existing technology. It also may create new interaction problems.

T o better understand the overall impact that SDG technology can have, and to better design SDG applicatio ns, longer-ter m naturalistic studies are needed, and we hope that manypeople will continue to develop and evaluate SDG technologies and systems.

ACKNOWLEDGEMENTS

We would like to thank Angela Boltman and the children from Hawthorne elementar yschool in Albuquerque, NM for making the user stud y of KidPad possible. In addition, we appreciate the CHIkids at CHI 96 and CHI 97 who evaluated early versions of KidPad. Finally, this wor k could not have been done if it weren’t for the other memb ers of the Pad++ team, especiallyJimHollan and Jon Meyer. T his work, and Pad++ in general has been largely funded byDARP A to who mwe are grateful.

REFERENCES

1. Bederson, B. B., Hollan, J. D., Druin, A., Ste wart, J., Rogers, D., & Proft, D. (1996). Local Tools: An Alternative to

T ool Palettes. In Proceedings of User Interface and Software Technology (UIST 96) ACM Press, pp. 169-170.

2. Bederson, B. B., Hollan, J. D., Perlin, K., Meyer, J., Bacon, D., & Furnas, G. (1996). Pad++: A Zoo mable Graphical

Sketchpad for Exploring Alternate Interface Physics. Journal of Visual Languages and Computing, 7 , 3-31.

3. Bier, E. A., & Freeman, S. (1991). MMM: A User Inter face Architecture for Shared Editors on a Single Screen. In

Proceedings of User Interface and Software Technology (UIST 91) ACM Press, pp. 79-86.

4. Bricker, L. J. (1998). Collaboratively Controlled Objects in Support of Collaboration . Doctoral dissertation, University of Washington, Seattle, Washington.

5. Buxton, W. (1994). T he T hree Mirrors of Int eraction: A Holistic Approach to User Inter faces. L. MacDonald, & J. Vince

(eds.), Interacting With Virtual Environments . NewYor k: Wiley.

6. Cockbur n, A., & Greenberg, S. (1996). Children’s Collaboration Styles in a Newto nian Micro world. In Proceedings of

Extended Abstracts of Human Factors in Computing Systems (CHI 96) ACM Press, pp. 181-182.

7. Druin, A., Stewart, J., Proft, D., Bederson, B. B., & Hollan, J. D. (1997). KidPad: A Design Collaboration Between

Children, T echnologists, and Educators. In Proceedings of Human Factors in Computing Systems (CHI 97) ACM Press, pp. 463-470.

8. Greenberg, S., & Bo yle, M. (1998). Moving between personal devices and public displays. T ech Report 98/630/21,

Department o f Co mp uter Science, Universityo f Calgar y, Calgar y, Canada.

9. Hall, E. (1968). The Hidden Dimension . Anchor.

10. Inkpen, K., Booth, K. S., Klawe, M., & McGrenere, J. (1997). T he Effect o f T urn-T aking Protocols on Children’s

Learning in Mo use-Driven Collaborative Environments. In Proceedings of Graphics Interface (GI 97) Canadian

Infor mation Processing Society, pp. 138-145.

11. Ishii, H., & Ullmer, B. (1997). T angible Bits: T owards Seamless Inter faces Between People, Bits and Ato ms. In

Proceedings of Human Factors in Computing Systems (CHI 97) ACM Press, pp. 234-241.

12. Johnson, D. W., & Johnso n, R. T . (1991). Learning Together and Alone, 3rd Edition . Prentice Hall.

13. Krueger, M. (1991). Artificial Reality II . Addison-Wesley.

14. McGrath, J. E., & Hollingshead, A. B. (1994). Groups Interacting With Technology . Sage.

15. M yers, B. A., Stiel, H., & Gargiulo, R. (In Press). Collaboration Using M ultiple PDAs Co nnected to a PC. In

Proceedings of Computer Supported Collaborative Work (CSCW 98) ACM Press,

16. Pappert, S. (1996). The Connected Family: Bridging the Digital Generation Gap . Longstreet Press.

17. Pedersen, E. R., McCall, K., Moran, T . P., & Halasz, F. G. (1993). T ivoli: An Electronic Whiteboard for Infor mal

Workgroup Meetings. In Proceedings of Human Factors in Computing Systems (InterCHI 93) ACM Press, pp. 391-398.

18. Rekimoto, J. (1998). A Multiple Device Approach for Supporting Whiteboard-Based Interactions. In Proceedings of

Human Factors in Computing Systems (CHI 98) ACM Press, pp. 344-351.

19. Shu, L., & Flo wers, W. (1992). Group ware Experi ences in T hree-Dimensional Co mputer-Aid ed Design. In Proceedings of Computer Supported Collaborative Work (CSCW 92) ACM Press, pp. 179-186.

20. Smith, R. B., O’Shea, T ., O’Malley, C., Scanlon, E., & T aylor, J. (1989). Preliminar yExperiments With a Distrib uted,

Multi-Media, ProblemSolving E nvironment. In Proceedings of First European Conference on Computer Supported

Cooperative Work Slough, UK: Co mp uter Sciences House, pp. 19-34.

21. Stewart, J. (In Press). Single Display Groupware . Doctoral dissertation, University of Ne wMexico, Albuq uerque, NM.

22. Stewart, J., Raybour n, E., Bederson, B. B., & Druin, A. (1998). When T wo Hand s Are Better T han One: Enhancing

Collaboration Using Single Display Group ware. In Proceedings of Extended Abstracts of Human Factors in Computing

Systems (CHI 98) ACM Press, pp. 287-288.