Floor Control in a Highly Collaborative Co - Located Task

Brad A. Myers, Yu Shan A. Chuang, Marsha Tjandra, Mon - chu Chen, and Chun - Kwok Lee

Human Computer Interaction Institute

School of Computer Science

Carnegie Mellon University

Pittsburgh, PA 15213 bam@cs.cmu.edu http://www.cs.cmu.edu/~pebbles

ABSTRACT

^Floor control~ is the protocol which determines which user has control and howto take turns when multiple people share a limited resource such as a single cursor in a sy nchron ous task. First, we provide a newanalysis and classification of floor control mechanisms. We then studied eight collab o rative conditions in a highly - collaborative computer - based task, where all the subjects were co - located. We studied doing the task witho ut a co m puter, compared to seven techniques where each user had an input device. T his included two tec h niques where all users had their own cursor, and five floor control techniques for sha ring one cu r sor. T he floor control techniques included:

having a mo derator decide the turn, averaging all inputs t ogether, blocking the other´s input while the cursor was in use, explicit release, and explicit grab. We found no prev ious studies of all these mech a nisms, although one prior paper predicted that the blocking mechanismshould work best. Our primaryresult is that gi v ing everyone a separate cursor works best, and we found no significant differences among the times using the floor - control mechanisms.

Keywords: Floor Control, CSCW, Meetings, Multiple Cu rsors, PDAs , Pebbles.

INTRODUCTION

^Floor control~ refers to the management of interaction among participants in meetings. T his comes fromexpre ssions such as ^who has the floor~ or ^yielding in the floor~ in formal meetings. Whenever there is a resource that must be shared among the participants, floor control issues arise.

Rules of etiquette are typicallysufficient for dailyhuman - human interactions. However, mechanisms other than social prot o col might be needed in computer - mediated group work.

In manysynchronous (also called ^same - time~) computer - supported cooperative work applic a tions, each user is given a separate cursor. However, when trying to share legacya pplications, such as Microsoft Excel, Adobe Illustrator, or

MacroMedia Director, it is technicallydiffi cult or imposs ible to have multiple cu r sors that can control the application.

Sharing of these kinds of applications is frequentlynece ssaryin manykinds of meetings, where these applications are used to present data that the group discusses. For exa mple, a d e sign meeting might be called to discuss a prototype created in Visual Basic or D i rector, and the participants want to take turns trying out the interface, or just pointing to pro b lemareas. Another example is a planning meeting, where a budget might b e displayed in Excel and partic ipants mo d ifythe numbers relevant to their part of the plan.

T hese kinds of meetings maybe co - located, where ever yone is in the same roomlooking at a projected display, or remote, with each person at their own computer at a diffe rent site. As more and more conference rooms come with computers and built - in pr o jectors, it will be increasingly easyto bring real - time computer displays of applications into meetings. Even small meetings in an o f fice around a desktop computer can have a collab o rative character and consequent floor control issues. Similar problems arise with technologies that allowremote users to share legacyappl ications. T his is often called ^shared screen~ or ^shared window~ collaboration using ^viewsharing~ s oftware, and manydifferent types have been created [4] . A recent exa mple is Microsoft´s NetMeeting, which allows remote users to see on their computer an application ru n ning on any user´s computer. T he user running the application can spe cifyhowthe cursor is controlled among all the users.

NetMeeting also pr o vides a separate ^shared whiteboard~ application, where ev e ryone can drawat once. One piece of evidence that floor control is a challenging issue is that di fferent versions of NetMe eting have appa r entlyused different mechanisms for floor control, presumablydue to user feedback about problems with the techniques used in earlier versions.

As part of the Pebbles project, we have been studying the use of Personal - Digital Assistants (PD As) such as PalmP ilots and Pocket PC devices (formerlycalled WindowsCE) to control a PC [13] . For e x ample, we have applications where each user has a separate cursor, for customPC appl ications that support this. A n other application allo ws each user´s PDA to control the PC´s real mouse and keyboard, to support legacyapplications. Initially, this application pr ovided no floor control, and we observed some problems as a result. T herefore, we invest i gated what techniques would be a p propriat e for choosing who is in control.

Subm itted for Publication

Floor Control in a HighlyCollaborative Task - 2 - *** Submitted for Publication***

Floor control has always been an issue for shared - user a p-

plic a tions [4] . However, we were surprised to find veryfew

prior studies comparing different floor control mechanisms,

and none that compared the manydifferent techniques that

are available. We found no guidance on which one would

be best in our situ a tion.

T herefore, we classified the floor control mechanisms di s-

cussed in the literature, and selected the ones that seemed

most relevant to our tasks. We then performed a newstudy,

reported here, that compared eight mechanisms using a co l-

laborative game of solving an on - screen jigsawpuzzle. In

summary, the results are that the condition where each pe r-

son could control their own sep a rate cursor, and wo rk in

parallel performed far better than si n gle - cursor conditions,

often taking onlyhalf the time. Among the floor - control

methods, we found no significant differences in speed or

user prefe r ence. T his was surprising since other work [5]

suggested that the fastest method would be to have aut o-

matic passing of the floor when the cursor was not in use.

RELATED WORK

Manydifferent kinds of floor control have been proposed,

but fewhave been evaluated in studies. Greenberg discusses

a number of different floor control mechanisms, but co n-

cludes that ^surpri s ingly, there has been no attempt to

evaluate these different methods in exis t ing shared view

systems~ [4] . Boyd [1] classifies floor control mechanisms

along a number of dimensions, and introduces ^fair dra g-

ging,~ which automaticallygrabs the floor when dragging

starts, and gives pending requests for the floor to users in

the order r e quested. A special formof moderator control

was developed to support Mbone v ide o conferences with

hundreds of remote participants [8] . Other papers reco m-

mend providing users with multiple floor co n trol

mechanisms, since different mechanisms might be appr o-

priate for diffe r ent kinds of meetings and software [6] [5] ,

but most of the recommendations appear to be based on i n-

tuition rather than stu d ies or real data.

ManyCSCW applications have multiple cursors, so each

user can operate independently. Examples include shared

whiteboard sys tems for drawing (e.g., T ivoli [16] and Ne t-

Meeting), and shared text editors such as ShrEdit [15] . An

important issue in these systems is loc k ing the content to

prevent inconsistent edits. Various CSCW software arch i-

tectur es, such as T imewarp [3] , Suite [10] and Prospero [2] ,

provide different mechanisms for such consistencyma n-

agement, and often do not provide anyfloor control

mechanisms. In our study, since are using a s ingle applic a-

tion with co - located users, we onlyneed a simple locking

mechanismwhich prevents multiple users fromgra b bing

the same object. A fewsoftware architectures for grou p-

ware, such as GroupKit [5] , have been designed to support

m ultiple floor control mechanisms, so the developer can

choose. Our underlying architecture is the Amulet sy s tem

enhanced with groupware capabilities.

Recently, there have been a fewsmall studies of floor co n-

trol mechanisms. Inkpen [7] fou nd that with 9 to 12 year old children, pairs of co - located girls solved more pu z zles

(fromthe computer game ^T he Incredible Machine~) when

each had their own mouse using a ^give floor~ mechanism,

but boys solved more puzzles using a ^take~ mechanism.

Ano ther study [9] found that for adults collab o rating on the

classic ^survival game~ decision - making task, face - to - face

interaction (with no CSCW tools) worked best. Of the co n-

ditions where the subjects used a textual chat interface for

remot e collaboration, ^give~ (where a turn was held until

expli c itlyrelinquished) worked best, followed byfree - for -

all, with ^take~ (e x plicit grab) doing least well.

T here have been manystudies about communication in di s-

tributed meetings, where people commun icate using various

mediums such as video, audio or computer chat. One rel e-

vant finding fromsuch studies is that people usuallytake

turns and do not work in parallel [14] . T his might suggest

that for our application, giving each person t heir own cursor

might not be ne c essary, but our results showotherwise.

FLOOR CONTROL MECHAN ISMS

T here are a surprisinglylarge number of different possibil i-

ties for floor control. T he literature [1] [5] [7 ] [9] lists many

possibilities, but we created a newclassification that seems

more comprehensive, and which better distinguishes the di f-

ferent choices.

Floor control policies have three primaryindependent d i-

mensions: howpeople give up or release control, how

people acquire control, and what happens to requests if co n-

trol is not available. Prior papers have not identified all of

these options.

T he options for releasing control include:

1. Explicit Release : T he current floor holder must e x-

pl icitlyrelease control before anyone else can acquire

it. T his has also been called ^give floor~ [7] . Usually,

the user pushes a button to signal being finished.

2. Implicit Release : T he systemnotices that the user is

not busyand releases t he control automatically. T his

might occur after the systemdetects a pause of acti v-

itybythe current floor holder. For exa m ple, the

system might reserve the cursor for one user while

that user is mo v ing the mouse, and then wait for a

short time - out after movement stops, to make sure the

user does not start moving again, before releasing the

floor. Alternatively, the cu r sor might be reserved

while the mouse bu t ton is held down (while dragging

an o b ject) [1] .

3. Explicit Loss : Whether or not t he user is finished, the

control can be explicitlyremoved and given to som e-

one else. For example, a moderator or tim e out might

determine that the user has had control for too long.

Once the floor control is available, it then is assigned to a

user. T here are various options for this as well:

1. M oderator : A designated participant acts as a chai r-

person who is responsible for deciding who gets

control. T his would probablybe the best method to

Floor Control in a HighlyCollaborative Task - 3 - *** Submitted for Publication***

use for classrooms, present a tions and other situations

where someone must be in charge.

2. Explicit Request : A user can request control of the

floor using a button or other explicit means.

3. Implicit Request : A user indicates an interest in ha v-

ing the floor byperforming an input event, such as

moving the mouse or typing, and t his implicitlysi g-

nals the desire to have control.

4. Rule - Based : T he next person to have control is d e-

termined bysome sort of rule. T he most common is

^ Round Robin,~ where each user gets a turn in a pa r-

ticular order, even if theydo not have an y thing to

con tribute just then. Other rules are possible, such as

giving people different priorities.

For some combinations of release and request, there are

three options of what can happen to the requests:

1. Immediate Grant : T he request is granted immed i-

ately. T his onl yworks with the Explicit Loss release

policy.

2. Queued : T he requests are put in a queue, usuallyin

first - come, first - serve order. When the floor is r e-

leased, then the person at the top of the queue gets

control.

3. Ignored : If the requests are not queued or g ranted,

then theymight be thrown away. T herefore, with this

policy, it onlyworks to r e quest the floor when it is

available.

Bycombining these release and request mechanisms, all of

the existing floor control policies can be constructed. Some

examples f romthe literature include:

x

� Free - floor : combines Explicit Loss with Implicit R e-

quest and Immediate Grant. Anyparticipant can enter

input at anytime, and control immediatelypasses to that

user. T he interaction is mediated bysocial mechanisms

such as eye contact and talking. In human - human co m-

munication, s o cial mechanisms are sufficient for smooth

flowof most communic a tion, so it might be expected

that free - floor would work best, at least for situations

when the people can easilysee and hear each other. For

situations when the partic i pants are remote, and such

channels are not available, then prior research [9] su g-

gests that free - floor will not work well, however.

x � Pause detection : combines Implicit Release with I m-

plicit Request and Ignor ed. T he floor is made available

automaticallywhen the user is finished, and the next

person to do something gets control. T rying to do som e-

thing while someone else has the floor is ignored.

x � Preemptive : combines Explicit Loss with Explicit R e-

quest and Imme diate Grant. Anyone can grab control of

the floor at anytime, even while som e one else is doing

something. T his is also called ^take floor~ [7] .

x � Fair Dragging [1] : combines the Explicit Loss due to a

time - out with Implicit Request and Queued. Boyd calls this policythe most fair because it gives each pe r son a

turn who wants one [1] .

Of course manyother combinations are possible. A further

variation is to use different policies for different applic a-

tions, a nd even different policies for different users. Both of

these are exemplified bycurrent version (v3.01) of Micr o-

soft´s Ne t Meeting. For its shared whiteboard, each user can

have a separate cursor, and normallyever y one can drawat

the same time. A menu com mand a l lows a user to lock the

whiteboard so onlythat user can draw, and that user must

unlock the whiteboard to free the other cursors. T his might

be considered a formof Explicit Release combined with

E x plicit Request and Ignored. NetMeeting also allows any

legacya p plication´s windows to be shared. Let´s call the

user whose computer is running that application the

^owner.~ T he owner can decide to allowothers to control

the applic a tion, and then another user can get control using

a menu co m mand. If a di fferent user wants control, he or

she will have to go to the menu and explicitlyask for co n-

trol and then will get it onlyif the first user agrees to release

control and other pending requests are queued (Explicit R e-

quest + E x plicit Release + Queued). How ever, the owner

can grab control back at anytime (Explicit Loss + Explicit

Request + Imm e diate).

Another option is for a systemto let the user choose among

multiple mechanisms, as reco m mended, for example, by

[6] .

PEBBLES

T he Pebbles pr oject [11] is studying the use of one or more

hand - held computers simultaneouslywith a PC. An earlier

paper [13] presented our applications that allowa PDA to

be used as a remote mouse and keyboard to a computer. We

also have applications that alloweach user to have a sep a-

rate cursor, either to scribble on top of the screen, or to

control applications that support multiple cursors. T he co n-

cept is that people will be carrying their PDAs into

meetings, and we might be able to use themto control the

PC.

Other Pebbles applications are aimed at the individual use

of a PDA with a PC [12] , for example, while the PDA is in

its cradle next to the desktop computer.

For the purposes of the current study, we were in terested in

the floor control issues arising out of each user controlling

the PC fromtheir PDA. We modified the Remote Co m-

mander application described earlier [13] to remove

features not needed bythe study, and to add floor control

butto ns (see Figure 1 ).

Floor Control in a HighlyCollaborative Task - 4 - *** Submitted for Publication***

m Displayand input area which works like a touchpad. Tapping simulates clicking the left mouse button.

m The ^Drag~ button simulates the left mouse bu t ton.

m Each of these physical buttons simulate th e left mouse button.

Figure 1 . T he Palmrunning the puzzle control pr o gram.

T he waythat the Palmis used as an input device is as fo llows: Moving the stylus across the Palmscreen causes the cursor on the PC screen to move a corr esponding relative amount. T his is analogous to the waythat the small touc hpad works on some laptops, like the Macintosh PowerBook.

We put a small piece of tape across the Graffiti input area at the bottomof the Palmscreens used in this study, so the u sers would not go out of the active area when using the Palm while loo k ing at the PC´s screen and not looking at the

Palm´s screen.

Since the Palmscreen was used to simulate a touchpad, we needed a separate signal for pressing the mouse button. We provide three different ways to signal pressing a mouse bu tton. First, tapping (pressing and releasing the stylus in the same place) on the blank area of the PalmPilot screen with the stylus causes a click event. Second, we provided an on - screen button that could be used to si g nal the button press

(see Figure 1 ), but this required the user to look at the Palm screen. T hird, we mapped all of the Palm´s physical buttons to mouse press (see Figure 1 ). U s ers could hold the P almin their non - dominant hand, and use their thumb or a finger of that hand to press the buttons, while the dominant hand held the stylus. T he most intuitive method to the subjects was tapping, but this was often difficult to use for subjects with no prio r PalmPilot experience. We observed that all the subjects pr e ferred to use the tap method, but about two - thirds eventuallydecided to use the physical buttons b ecause theyhad difficultyta p ping without moving. None used the on - screen drag button.

EXPERIM ENTAL DESIGN

Task

We wanted to find a task for this studythat would have the properties we o b served in real meetings, where a PC is used to displayinformation, and the people in atte n dance provide input. Often, the attendees will want to control the mous e

and keyboard, either to take turns, or occasionallyto work in parallel entering information or adding their i n dividual annotations. T herefore, we wanted a task that had both pa rallel and s e quential components, where the people might want to work at the same time at some points, and other times might want to take turns.

Another aspect of meetings is the trade - off between group goals and individual goals. Since people in most meetings are there to achieve a common purpose, usuallyfor the same company, the re is a general goal to cooperate and succeed as a group. On the other hand, often each person wants to make sure that his or her input is heard, or tryto prevail in debates. T herefore, we wanted a task that had both cooperative and competitive aspects.

A nother important consideration is that we wanted to use a within - subjects design, where each group would see all the conditions. T his would decrease the number of subjects we would need. Further, effects of individual differences across conditions would be minimized in within - subjects d e sign.;

this would permit comparative analysis to be performed. On the other hand, this meant that we had to find a task that groups could do over and over, once for each type of floor control. Since there are manydifferent floor control o ptions, this also meant the task had to be rel a tivelyquick to complete.

T aking all these requirements into account, we eventually settled on the task of doing a jigsawpuzzle. We first did a think - aloud studywhere a group of four participa nts a ttempted to solve various store - bought physical jigsaw puzzles with different numbers of pieces. We observed si gnificant parallel behavior, as different people would work on different parts of the puzzle at the same time. Pu z zles have a cooperative as pect in the shared goal of finishing the entire pu z zle, and a competitive aspect as people sometimes go for the same piece, or interfere with each other when tr ying to work on the same part of the puzzle. Furthermore, the pu z zle activitywhere participants trya series of trial and error steps fin d ing where a piece fits might be considered analogous to a design mee t ing where participants work on different aspects of the product, modifying thembymixing and matching the various el e ments.

In the think - aloud study, we dete r mined that about 50 pieces would take about 10 minutes, and that people d ivided the work byregions and the colors of the picture. We also observed that the difficultyvaried depending on the pi c ture on the puzzle, and there were significant individual differences in puzzle - solving aptitude.

We next developed a set of computerized jigsawpuzzles of equal difficulty. We decided to use abstract geometric shapes as the pictures, because then we could be more sure that the puzzles had equal diffi culty(see Figure 2 ). Some additional requirements for the pictures were that there should be distinctive regions of the puzzle with diffe r ent colors, to permit the division of labor among participants where different people would wor k on diffe r ent parts. We also wanted to make sure that no two pieces were ide n tical

Floor Control in a HighlyCollaborative Task - 5 - *** Submitted for Publication***

(in particular, that no two pieces were a solid color). T his would make sure that it was always apparent fromthe pi cture when a piece was in the wrong place.

All of the pu zzles use the same shapes for the pieces, where there were basicallyonly2 puzzle shapes, and the software ensured that onlythe correct pieces would co n nect.

In order to give the subjects motivation to cooperate , we promised a bonus of $6 each if theyfi n ished all the puzzles in less than 6 minutes. T his time was based on predicted times for completion of puzzles based on the pilot tests, but in practice, none of the groups was able to achieve this goal. We also awarded the group with the fastest ave r age time a $5 bonus per member. We tried to get partic i pants to compete within their group bypaying each subject an amount depending on howmanypieces that subject had a ttached. Figure 3 shows the displaywhich shows the subjects with the number of pieces theyhave a t tached under their names.

Figure 3 . T he Puzzle programon the PC in multi - cursor mode with three users. Marsha´s cursor at the lower - right is dragging one green piece. Y u Shan´s cursor at the top - center is dragging three red pieces connected together. Brad´s cu rsor at the lower left is dragging one piece. T he user - list windowat the upper right shows the number of pieces each player has attached, and the elapsed time.

T he operation of the puzzle programis as follows. A puzzle is loaded and is displayed as it will look when co m p leted

(as in Figure 2 ). T hen the puzzle is shuffled, which displays it like in Figure 3 . T o move a piece, the cursor is moved over the piece, and the mouse or Palmbu t ton is clicked

(pressed and released). T his ^ lifts~ the piece up and shows the piece with a shadow(see Figure 3 ). T he piece then fo llows the cursor. When the user wants to drop the piece, the mouse or Palmbutton is clicked again. If the piece is dropped next to the correct nei ghboring piece, then the two pieces snap t o gether. Picking up pieces that have been snapped together picks up the whole group, which can be placed down to a t tach to other pieces as well.

Figure 4 . T he user windowon the PC when using floor control with a single, shared cursor. T he user shown in r everse video cu r rentlyis controlling the cursor. T he user num ber is to the left of the name inside the button, and the number of pieces that person has connected is to the right of the button. T he elapsed time is at the bottom.

T he puzzle programwas implemented using the Amulet user interface toolkit, which has bee n modified to support multiple input streams. We attached each of the PalmPilots to the PC using long serial cables. T he puzzle pr o gramwas au g mented with multiple cursors, for the conditions where each user would have their own ind e pendent cursor (see

Figure 3 ). T he cursors had di f ferent shapes and colors, and the first fewletters of the user´s name at the bottom. When there were multiple cu r sors, a user window(on the upper - right of Figure 3 ) displayed the use r´s cursors and the nu mber of pieces theyhad connected.

T o simulate sharing an existing application, where there is not an option to let each person have their own cursor, the puzzle programalso supports various floor control modes with a single cursor. In these conditions, the movement on

Figure 2 . T hree of the puzzles used in the study. T he others were similar. On the screen, the areas are different colors.

Floor Control in a HighlyCollaborative Task - 6 - *** Submitted for Publication*** the PalmPilot causes the real cursor to move on the di splay. In these cases, the user windowchanges to show which user has control of the cursor (see Figure 4 ).

Conditions

Each group did the puzz le for all eight co n ditions (a within - subjects design). T o control for lear n ing and fatigue effects, we varied the order of the cond i tions for the groups using a

Latin square. Also, we varied the particular puzzle picture used with each floor control condi tion, although we strove to make d e signs of equivalent difficulty.

T he conditions which used floor control (one shared cursor) were:

1. M oderated: (Explicit Loss + Moderator + Immediate

Grant) One of the subjects was picked to be the mo derator. We chose the m oderator byobserving which subject generallyperformed the best in the other cond itions. (Since there were fewer groups than conditions, we could arrange for the moderated condition never to be first.) T he moderator chose which user had the floor bytypin g that user´s number on the computer´s ke yboard. T he user´s number was di s played on the screen next to the user´s name (inside the bu t tons to the left of the names in Figure 4 ).

2. Free - floor : (Explicit Loss + Implicit Request + I mmediat e Grant) All of the inputs fromall of the users were mixed together to control the one cu r sor. For example, if one user moved diagonallyto the upper left while the other user moved diagonallyto the u pper right, the cursor would move straight up, and the control would alternate b e tween the two users as each user´s mouse events were handled. We had tried other ways of combining the mov e ments from multiple people, but this seemed the least surpri s ing.

3. Pause detection : (Implicit Release + Implicit R equest + Ignored) Whoever had the floor kept it until that person stopped moving for more than one - half second. In addition, if a person had picked up a piece, theywould have the floor until theydropped it, even if theystopped moving. A f ter the timeout, the floo r would freed (so no - one had the floor), and then the first person to move or press a button would get the floor.

4. Explicit release . (Explicit Release + Implicit R e quest

+ Ignored) A button was displayed on each PalmP ilot screen which allowed the user to r e lease the floor

(see Figure 5 a). Once released, as in the Pause -

Detection condition, whoever moved or pressed first would grab the floor.

5. Preemptive : (Explicit Loss + Explicit Request +

Immediate Grant) A button was di s played on each

PalmPilot screen which allowed the user to grab the floor (see Figure 5 b). Once grabbed, the user had control until someone else explicitlygrabbed the floor away. T he floor could be grabbed at anytime, even while som e one else is d ragging a piece.

We decided that the policies using queues, rules and time - slices were too rigid for the kinds of free - flowing mee t ings we wanted to support with the Pebbles software.

We also added some non - floor control conditions:

6. M ulti - Cursor (parallel) : All participants have their own cu r sor, and can move pieces independently.

7. M ulti - Cursor with taking turns : All participants had their own cursor, but we asked themto nicely take turns anywayand not work in parallel. T his was not enforced in the softwar e, though.

8. A physical puzzle : T he subjects did not use a co mputer for this condition. We took one of our on - screen puzzles, printed it on a color printer, glued it to car dboard, and cut it up. In this condition, the subjects put together the car d board puzz le on a table.

(a) (b)

Figure 5 . T he Palmscreen when using (a) Explicit R e lease and (b) Preemptive floor control.

Apparatus

First, the subjects used separate computers to learn howto use the Palmto control the cu rsor and operate the puzzle.

T heypracticed sep a ratelyputting together puzzles for about

5 minutes.

T hen, theytook their Palm´s over to a table, on which was a laptop computer connected to a projector. T he projector displayed the screen on the wall in fr ont of all the subjects so that all the participants would have access to a shared visual i zation of the progress of the game. T he subjects held the PalmPilots in their hands or on their laps and not on the t a ble. T he subjects were sitting right next to ea ch other, and could talk, look around, and gesture no r mally. T his was to tryto best approximate the kinds of co - located meetings which the Pebbles sof t ware is designed to support.

Hypotheses

We had a number of hypotheses before we ran the subjects for thi s study:

x � Subjects would performbest with the physical pu z zle, since this is the most natural and familiar.

x � Subjects would performnext best in the Multi - Cursor parallel condition, since theycould all work indepen dentlyand in parallel. However, if the re sult that people do not work in parallel as observed in studies of remote

Floor Control in a HighlyCollaborative Task - 7 - *** Submitted for Publication*** communication [14] transferred to our task, then this cond i tion would be not necessarilybe faster.

x � T he Multi - Cursor with taking turns condition would be next, and w ould be slightlyfaster than the floor - control conditions because natural social mech a nisms could be used for taking turns without anyinterfe r ence fromthe technology.

x � Of the floor - control conditions, Pause - detection would work best, as predicted by [5] . Because a similar tec hnique mediates turn - taking in human - human conversations, it is expected that this method would be the most nat u ral and intuitive to use.

Subjects

We had 4 groups of 3 people each for this study. T he su bjects were r e cr uited fromthe CMU communityusing various advertisements. We required that the groups be composed of people who were friends with each other, since in most real meetings, the pa r ticipants knoweach other. T he subjects were paid $7.50 plus a bonus dependin g on their perfor m ance. T he typical payment was between

$10 and $20 per person. Of the 12 su b jects, 3 were women and 9 were men. T wo of the groups were mixed gender and the other two were all men. T he median age was 23. Very fewhad used PalmPilots or oth er PDAs before (the ave rage self - rated ^proficiency~ with PDAs was 1.25 on a 0 to 9 scale where 9 was veryproficient). However, almost all of the subjects rated themselves veryproficient with co mputers (average 7.2).

Method

T he subjects first filled out a pre - questionnaire that a cquired demographic information including their level of experience with the PalmP i lot and their general computer skills. Next, the subjects trained independentlyusing sep arate computers about howto use the PalmP i lot to contro l the cursor. T hen, the subjects moved to a table, and pe rformed the exper i mental task with all eight conditions. (One group had to omit doing the physical puzzle.)

Subjects were told to complete each puzzle as quicklyas possible. In order to motivate eac h person to activelypa rticipate in the group session, a monetarybonus of 3 cents was earned for everypiece that that person placed correctly in the puzzle. T his was to prevent the same ind i vidual(s) fromdominating the entire puzzle session. At the same time, group cooperation is encouraged byrewar d ing the group $6 if all puzzles were completed under 6 mi n utes each.

At the end of the study, participants were asked to rate their satisfaction, as well as the efficiencywith which theyco mpleted the study, using each of the mech a nisms.

RESULTS

Figure 6 shows the times for each of the groups to finish the four conditions. Figure 7 plots the average time in minutes over all the groups. T he multi - cursor - parallel cond ition is faster than each of the others and this is statisticallysignif i-

cant using a paired 2 - tailed t - test at significance level p<.05. For example, the closest time to multi - cursor - parallel is pause d e tection. T here was a highlysignificant different be tween multi - cursor parallel (M=4:07) and pause - detection (M=7:31) (t= - 16.713; p<.001). However, the times for the other conditions were not statisticallydi fferent fromeach other.

Figure 8 shows a plot of the 12 subjects´ rating of e ach of the 7 computer methods. On the final questionnaire, su bjects were asked to rate howe f ficient theythought each method was for them, and howsatisfied theywere with the method, using a 9 point Lickert scale, where 9 was the best and 1 was lowest. T here was a high correlation between the subjects´ e f ficiencyratings and their satisfaction ratings for all the conditions (R=.80; p<.01). Among the ratings, a paired t - test showed that the multi - cursor parallel condition was rated significantlyhigher on efficiencyand satisfaction than all the others (p<.05). T he lowest - rated condition, e xplicit release, was not statisticallydifferent fromthe two with nearest ratings, pause - detection and multi - cursor - turns, but was significantlylower than the other fou r at the .05 level.

Finally, we asked the subjects to rate the 7 methods from their most f a vorite (1) to the least favorite (7). Figure 9 shows the average of the subjects answers for each method.

T he onlydifference that is statistic allysignificant in the largest and the smallest. A paired t - test showed that multi - cursor parallel was significantlybetter liked than pause d etection (t= - 2.455; p<.05).

DISCUSSION

Hypotheses

Of our hypotheses, onlyone was supported bythe study.

We conj ectured that the physical puzzle would be the fas test, but the physical puzzle second fastest for one group, and was the slowest puzzle for another group. T he physical puzzle was actuallya harder task than the on - screen pu zzles, because the pieces could b e r o tated on the physical puzzle, but on the on - screen puzzle, theywere a l ways in the right orientation. Furthermore, since the pieces didn´t lock t o gether like a normal jigsawpuzzle, manygroups had trouble with the puzzle falling apart as newpieces we re added. We therefore feel that it is not fair to compare the on - screen and physical puzzle times.

Our hypothesis that the Multi - Cursor parallel condition would be the fastest computer condition was stronglysu pported. T he time for each group on this cond ition was the smallest, and often half the time of the other conditions.

T his confirms the findings in prior literature that reco mmends giving each person their own cursor when possible.

Unlike other multi - person tasks such as communication

[14] , the puzzle task seemed most natural to do in parallel.

Floor Control in a HighlyCollaborative Task - 8 - *** Submitted for Publication***

Free-floor

Grab

Explicit

Release

Moderator

Pause

-Detection

Multi

-Cursor

-Parallel

-Turns

PhysicalPuzzle

8:20 8:36 6:40 7:59 8:41 5:09 6:24 4:40

7:30 6:39 10:27 8:04 7:01 3:11 8:2 6 14:00

7:41 10:14 8:49 8:03 7:13 4:21 7:56 Omi t ted

6:38 6:39 9:54 6:57 7:09 3:49 7:59 6:22

7:32 8:02 8:57 7:45 7:31 4:07 7:41 8:20

Figure 6 . T imes (min:sec) for each group to finish the task in each condition. T he bottomrow is the average.

0:00

2:00

4:00

6:00

8:00

10:00

Explicit Release

Pause-Detection

Multi-Cursor-Parallel

Multi-Cursor-Turns

Physical Puzzle

Figure 7 . Average time (min:sec) for the groups to co mplete the task for each of the conditions. Shorter bars are better.

1

2

3

4

5

6

7

8

9

Efficiency

Satisfaction

Figure 8 . A plot of the subjects rating of the efficiencyand their satisfaction with each method. Longer bars are better.

1

2

3

4

5

6

7

Figure 9 . Each subject was asked to rank order the diffe rent methods. T his plot shows the average. 1 = best liked, and 7 is least liked, so shorter bars are better.

T he Multi - Cursor with taking turns condition was not very successful, and our conjecture that this would be one of the fastest was not supported. We thought that this might be like regular turn taking with separate physical pointers (like each person´s finger) so it would be a natural mechanism, but in fact, the turn - taking often broke down, and the su bjects wasted time in deciding whose turn it was. Some subjects complained tha t since theyeach had a cursor, they should have been allowed to use it.

T he Pause - detection condition had the lowest average score, so the trend is in the direction we predicted, but there is no statisticallysignificant difference between it and the oth er single - cursor floor control conditions. We did not see anyevidence, as might be expected fromsu g gestions in prior work [5] that this method was more natural. We o bserved a number of problems with our implementation of this method, whi ch might be fixed in a future implement ation. T here seemed to have been insu f ficient feedback about when the user was done (the onlyfeedback was that the user´s name turned fromblack to white in the on - screen menu of Figure 4 ), so o thers did not know when to start.

Also, the ½ second pause after movement stopped appeared to be unnatural and annoying. Furthe r more, we noticed that some people would absent - mindedlyhave their stylus mo ving on the Palmeven when theydidn´t want to do an ything, so the systemwould think theyshould have the floor. A nother behavior we observed was one su b ject intentionally moving the stylus when it was not his turn, as a wayto grab the cursor as soon as it b e came available.

General Observations

We have a number of general observations about howthe subjects approached this task.

Floor Control in a HighlyCollaborative Task - 9 - *** Submitted for Publication***

T here was a great deal of discussion and communication among the subjects about the task and about turn - taking.

We sawmanyinstances, across most of the conditions, where one pers on would verballydirect another about where a piece would go, rather than, for instance, taking the piece and putting it in. Even though theycould use the cu rsor to point, users often still pointed their finger at the screen, which was much less accurate but much faster.

T here were onlya fewoccasions, mostlyduring the multi - cursor with turn - taking condition, where one person would use the cursor to showa n other person what to do.

When we asked whytheywere directing rather than taking over the cursor themselves, theysaid that it was easier to tell the other person what to do rather than taking the cursor over since that could break the continuity. Also, subjects said theycould see be t ter when theywere not doing the puzzle themselves.

T o control the turn - taking, theyoften used phrases like

^wait, I see something~ and when done, theywould say^ok, go~ to augment the on - screen fee d back that the cursor was available. For example, in the explicit - release case, partic ipants with control would ask if any one wanted control (e.g., one subject asked ^who wants to take over~).

T his alleviates the chaos that might have arisen for the i mplicit strategies like free - floor. We onlynoticed a few instances of surprise and contention where multiple people interfered with each other. We conje c ture that we would see quite different results, and possiblysignificantlymore diff iculty, if we tried these methods when users were not co - located and had more limited communication ban d width.

As we hoped, the groups did discus s strategies of howthey would divide up the labor and either assigned corners of the puzzle or different colors to the different people. T his o ccurs repeatedlyacross all groups and conditions. At the beginning of each trial, each me m ber in the group woul d assign themselves a distinct portion of the puzzle. As the game progressed however, while some groups stick to their distribution of puzzle parts, others changed themwhenever someone else sawa piece of the solution that would help accelerate the comple tion of the puzzle.

Although we tried to set up a task that would let all the su bjects be equal peers, in everygroup a leader emerged. T his is consistent with prior research on group dynamics . T he leader was implicitlyestablished earlyas the person who got the most points in the earlytrials, and usuallythe person continued to dominate throughout. T hus, in our study, the leader emerged through talent with the task rather than due to having a forc e ful personality.

Subject

A 26

B 20

C 52

D 27

E 23 23

F 22

G 35

H 8 8

I 32

J 21

K 19

L 35

Free-floor

Grab

Explicit Release

Moderator

Pause

-Detection

Multi

-Cursor Para lel

-Cursor

-Turns

Figure 10 . Comparison of each subject´s best mechanism

(shown bytheir score of the number of pieces theyco nnected) compared with the mechanismtheyrated best

(shown bythe shaded int e rior of the square). Each group´s fastest time was the Multi - Curs or - Parallel. T he mechanism with which the group did second - best is shown bythe mu ltiple bo r ders around the squares.

We chose this leader to be our moderator, since we a ssumed that in a real meeting, the moderator was likelyto be the leader of the meeting . Usuallythe leaders´ scores were lower when theywere the moderator, suggesting that they might have felt it was unfair for themto take all the pieces when theywere in charge. In some instances, the moderator decided who would get the cursor since none of the partic ipants requested the co n trol. In other groups, the others did ask for control and the moderator gave control to whoever asked.

Inspired byInkpen´s study [7] , we were interested in seeing if there were anygender differences. Unfortunately, we were unable to get an equal representation of women. Of the two mixed - gender groups, once a women emerged as the leader, and once a man did. We also found no diffe rences in performance or preference between men and women on different flo or control methods, suggesting that adult men and women might not differ as much as Inkpen found that children did.

We specificallyrecruited groups of people who were friends. In one pilot studyusing a group of 3 strangers, the group dynamics were quite different. Instances of turn - taking behavior were infrequent, and therefore the session was more likelyto be dominated bythe same individual.

T his might be due to the fact that among strangers, people are more awkward, and therefore more hesitant, in re ques ting the control of the cursor. Further, it is less likelyto

Floor Control in a HighlyCollaborative Task - 10 - *** Submitted for Publication*** have a group of strangers convene during a meeting.

T her e fore, using 3 friends seemed more representative of real meetings.

We observed people having more trouble in the first trial with c ontrolling the cursors than in later trials, but this e ffect was not statisticallysignificant. Most users were observed to become fairlyproficient during the first or se cond trial. Most of the subjects in the studydid not have exper i ence with using Palm Pilots or other PDAs. In our envisioned real meeting, where people would bring in their own PDA that theyare familiar with using, we would e xpect better performance across all kinds of floor control.

It is interesting that people´s preferences for which mech anismtheyliked best did not necessarilycorrelate with which method theygot the most pieces, or with the fastest method. Figure 10 shows the comparison of which cond ition each subject did best in, compared to which one the subj ects rated highest, and there is no overlap. All groups did best in the multi - cursor - parallel condition, which 7 out of 12 rated best. One additional subject did pick the method with which theydid second best. T herefore, people´s pre ferences are not neces sarilya good predictor of the individual´s or group´s performance.

CONCLUSIONS

In conclusion, for a task that can be performed in parallel bya group, we showed that the most effective strategyis to let everyone work in para llel with their own cursor. When required to take turns sharing the cursor, no particular floor control strategystood out as superior to the others. Fu rthermore, users had diffe r ent preferences and opinions about which ones work best, although often peopl e´s pre ferences did not match with performance. T his suggests that users might be happiest with a choice of mechanisms, but that theymight not choose in practice the best mech a nism for the job. T his studyfocused on a task with naturallypa rallel elements for a small number of co - located users who were peers. Future studies should be performed on floor control mechanisms for groups with different parameters.

ACKNOWLEDGMENTS

For help with this paper, we would like to thank Bonka Boneva,

Rob Miller, Franklin Chen, Ken Koedinger, Bob Kraut, and Al

Co r bett.

REFERENCES

1. Boyd, J. ^Floor control policies in multi - user applications,~ in

INTERACT ’93 and CHI ’93 conference companion on Human factors in computing systems. 1993. Amsterdam, The Nethe rlands: pp. 107 - 108.

2. Dourish, P., ^Using Metalevel Technique s in a Flexible Toolkit for CSCW Applications . ~ ACM Transactions on Computer -

Human Interaction , 1998. 5 (2): pp. 109 ˘ 155. June.

3. Edwards, W.K. ^Flexible Conflict Detection and Management

In Collaborative Applications,~ in Proceedings UIST’97: ACM

SIGGRAP H Symposium on User Interface Software and Techno logy. 1997. Banff, Alberta, Canada: pp. 139 - 148.

4. Greenberg, S. ^Sharing views and interactions with single - user applications,~ in Proceedings of the ACM/IEEE Conference on

Office Information Systems. 199 0. Cambridge, MA: pp. 227 - 237.

5. Greenberg, S. ^Personalizable groupware: Accommodating i n dividual roles and group differences,~ in Proceedings of the

ECSCW ’91 European Conference of Computer Supported Coo perative Work. 1991. Amsterdam: Kluwer Academic Press. pp. 17 -

32.

6. Handley, M., Wakeman, I., and Crowcroft, J. ^The conference control channel protocol (CCCP): a scalable base for building conference control applications,~ in Proceedings of the confe rence on Applications, technologies, architectures, and protocols for computer communication. 1995. Cambridge, MA: pp. 275 -

287.

7. Inkpen, K., et al. ^Turn - Taking Protocols for Mouse - Driven

Collaborative Environments,~ in Proceedings of Graphics Inte rface ’97. 1997. Kelowna, BC, Canada: pp. 138 - 145.

8. Ma lpani, R. and Rowe, L.A. ^Floor control for large - scale

MBone seminars,~ in Proceedings of the conference on Multim edia ’97. 1997. Seattle, WA: pp. 155 - 163.

9. McKinlay, A., et al. ^A Study of Turn - taking in a Computer -

Supported Group Task,~ in People and Computers VIII, Procee dings of the HCI’93 Conference. 1993. Cambridge University

Press. pp. 383 - 394.

10. Munson, J. and Dewan, P. ^A Concurrency Control Fram ework for Collaborative Systems,~ in Proceedings CSCW’96.

1996. Boston, MA: pp. 278 - 287.

11. M yers, B.A., et al. , ^Using Hand - Held Devices and PCs T ogether . ~ ACM Communications of the ACM , 2001. : pp. To appear.

12. Myers, B.A., et al. ^Extending the Windows Desktop Inte rface With Connected Handheld Computers,~ in 4th USENIX

Windows Systems Sympo sium. 2000. Seattle, WA: pp. To appear.

13. Myers, B.A., Stiel, H., and Gargiulo, R. ^Collaboration Using

Multiple PDAs Connected to a PC,~ in Proceedings CSCW’98:

ACM Conference on Computer - Supported Cooperative Work.

1998. Seattle, WA: pp. 285 - 294.

14. O’Connail, B. and Whittaker, S., ^Characterizing, predicting and measuring video mediated communication: A conversational approach,~ in Video Mediated Communication , K.E. Finn, A.J.

Sellen, and S.B. WIlbur, Editors. 1997, Lawrence Erlbaum Ass ociates. Mahw ah, NJ. pp. 107 - 132.

15. Olson, J.S., et al. , ^Groupwork Close Up: A Comparison of the Group Design Process With and Without a Simple Group Ed itor . ~ ACM Transactions on Information Systems , 1993. 11 (4): pp.

321 - 348. October.

16. Pederson, E., et al. ^Tiv oli: An Electronic Whiteboard for I nformal Workgroup Meetings,~ in Proceedings INTERCHI’93:

Human Factors in Computing Systems. 1993. Amsterdam, The

Netherlands: pp. 391 - 398.