A Mischief of Mice: Examining Children& Performance in
Single Display Groupware Systems with 1 to 32 Mice

ABSTRACT groups of users (e.g.,-® [21, 28] while more recently
We explore childred pperformance in target acquisition  Moraveji et al [20] demonstrated scenarios witip to 18
tasks in darge singledisplay groupware environemt with childrensimultaneasly usinga single large displayrhese

the number of children, mice, and-eareen cursors ranging s y s t potastiél for suppoiig learning can be impeded
from 1 to 32. We conducted a study using two tasks, withby usability problems that may arise when multiple users
40 children working in group sizes of 1, 4, 8, 16 and 32.operate mice and escreen cursorssimultaneously.
The first taskhad children reciprocally selecting between Although observations fronMoraveji et al.[20] suggests
two onscrea targets in aF i tstyls garadigmthat that childenareable to easilysesuchsystens, there is no
resembl es a fiswar manighpheiused i Bngpiricaicdata énrthie dmpdah grdup sizeonc hi | dr en 6 s
in educational application§he second, a more temporally performance withmice As the numbe of children (and
and spatially distributed pointing taskjvolved children  hencethe number of cursoysgrows, problems of visual
entering different words bgelectingcharacters on an en  clutter and occlusioncursor differentiation, and visual and
screen keyboard. The results indicate that target acquisitio@uditory feedback may occuwe want toinvestigate how
speed and accuracy is only affected by group size when thevell thesesystems scal® large groupsand are exploring
targets are small. Further, group size had even less effect idesigns to enhandke user experience in susyistems

the second task where pointing was spatially and oeatiy hi his timel ing faciliti bei
distributed than in the first task wher@veryonewas 1S research is timelps computing facilities are being

concurrentlyaiming at the same target installed in cassrooms at a fast padeow _p_gfunit cost
computers such as the One Laptop per Cinildative and
Author Keywords Inteld s C | eaRCsarm arbmising educational gainsa
Singledisplay groupwareghildren,large displaysmice. technology at relatively high overall costs to countries
ACM Classification Keywords worldwide. In evaluating the feasibility auchefforts the
H5.m. Information interfaces and presentation (e.g., HCI): Potential of low overall cost single display groupware
Miscellaneous. systemsshould also consideredand empical data on the

usability of such systems is crucial in this regard.
INTRODUCTION

Researchers have explored #ygplicationof singledisplay ~ This paperdescribes st udy whi ch eval uat
groupware[28] systemso supportsmall groupeducational ~ performance in target acquisition tasks on a single shared
activities[3, 10, 21, 28]. Recently, hese systems haween large display in group sizes of 1, 4, 8, 16 andR3urel).
extendedto supportentire chssrooms of students using a We first review related work, then present our study design
single large display simultaneouslj20]. There are several and results, andonclude by discussing the impact of these
advantages to this shardisplay design over a more results on the design and use of shatisplay groupwee
conventional oneCost aretypically lower than supplying ~ systems for classroomvide interaction.
each student with an indiviél computer and new ; ;

cooperativeand competitivetasks can be performesh a
shared screen wvays thatmight better engage the students.

One question that has yet to be answered is whetheot
large numbersof children can effectivg interact with a
single large display system using multiple micgpically,
single-display groupwaresystemshave supported small
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Figure 1. Children simultaneously performing a target
acquisition taskusing multiple mice anda large shared display



RELATED WORK incurred when large numbers of simultaneous usees
Previous research has demonstrated positive advantages eperating cursors on screen. In particulaejr cursors were
single-display groupwar¢28] where onephysical displays  fairly large glyphs which enabled the children to easily
shared amongst group of cepresent users, el with their  identify their cursors but might impact performance due to
own input device(s).This model has frequently been extravisual clutter as the number of cursors increase.
applied to educational uses on desktop computers becau

of the colldorative affordances ofuch systems and has parties has also been studied in distributed groupffiare
been shown to provide positive educational ndo, 11, on Voo
P P g and tabletop groupwar@3, 25]. In distributed groupware,

26]. More recently, Pawar et .g21] studied the utility of ; L I
single-display groupwares a means of lowering the cost of _Gutwm and Greenberg have made significant contributions

computer access in developing regions in terms of usability and interaction desigh, [6], and
' provide a nice summary of the literature in groupware

Traditionally, mice have been used as input devices forysability [6]. Of particular relevance to our work is
singledisgay groupwaresystemsNumerous studies have Gr e e n b e r §] exploratian lof. hdws multiple pointers
evaluated the performance of children usimige and other in a shared workspace (with some participants
input devices 2, 8, 14, 15, 16|, although not necessarily geographicallyremote) can convey more information by
within singledisplay groupware systems per. $&#ork by ~ mapping them to underlying objects in the scene rather than
Hourcade et al[8] has shown that childrénsage is a  to Cartesian screen coordinates. They additionally showed
significant factor in pointing task performance where  that adding semantic information to the pointers could
younger children (4 and $ear old) perform significantly | mpr ove wuser 6s awar emgdarstee o f
worse than older children (1pear olé) and adults. Target shared space with minimal impact on screen real estate.
size has also been showno si gni fi cantly
performance For example,children have been shown to
have lover accuracy when interacting with small targets. In
addition,children seem to make significantly mpead less
accurate,submovements when acquiring targe®]. The
fine motor skills required for the honing phase of targe
selection are more problematic for childrétaurcade et al.
[9] also summarized thpsychologyliterature on reaction
times in children[24, 27, 29], indicating that younger

S‘I"i‘he study of simultaneous use of an application by multiple

Thi nhpact chi.l d_r,ené’)s

e effect of group size irsingledisplay groupware
systems has been explored by Ryall et [@3] who
examinedthe effect of tablesize and group size on task
performance in tabletop display$hey found that group
tsize, but not table size, affecttask performanceAlthough
they only examined groups of 2 and 4 people and did not
study single userperformance, this work doesighlight
some of the interface design isstieat designers should be

children will show greater vability. This is supported by aware of Whensupportlng larger groups of users in
the model human processor][ which suggest that groupwaresystems._ln parltlcular, tr_\ey |nd|_cate that for
chil drenods performance beit Iﬂrger&rgqp% ?dp'IW@ald'$@X§m'@@%€"e@'§hh oul d
lower than that of adults. Irsummary much of the  One challenge in buildinthesesystems for large numbers
literature in evaluating input devices with children has of simultaneous users is the lack of appropriate software

W

focused on comparing c hi | disfrastruetere il standa®@ fintedabeCtéolkits for sdpporitg O f
adul ts. I'n contrast, our mbltple dokicurrénsinpuP deviceb. G&VeralCréséalctdl dffért8 0 s
performance changes as a function of group size in larggave attemptk to address this shortcoming, including the

scale singledisplay groupware environments. Dynamo system by Izadi et allj] , Pawar2l]let al

Multi Mouse infrastructure, and the recent work by
Moraveji et al. R0]. Our current research builds upon the
infrastructure in Moravjeet al. [9].

The effectiveness of an interface or interaction style is
particularly important for educational activitiesnkperd s
[12] work on comparingdraganddrop versus gint-and
click interactiors by childrendemonstrated that a less |n summarypurliteraturereview indicates that the effect of
effective techniquelike draganddrop can significantly  group size on user performancesingledisplay groupware
influencec hi | dr ends etask Whilenthat c esjtuatibns has not been adequately explored. This is likely
research was conducted in a singéer scenario, it is likely  because most systems to date support a relatively small
that such diffeences in techniques could have an evennumber of users and cursors and such scenariolsably
greater impact in a sharefisplay environmentparticularly  did not cause much performance degradation due to group
with a largenumber of children working concurrently. size. With the receninterest in deployingsuch systems
with many more users [9], it is important that we
understand how performance is impactey increasing
numbersof users and oscreen cursorOur present work
aims to provide some empirical data to inform the design of
input mechanisms fdargedisplay groupware systems with

Russell et al.22] showed how a larger display can improve
collaboration in a singldisplay groupware environment.
Moraveji et al. O] describea groupware systerwith a
large projected displaymeant for classrooms that
accommodates relatively large numbers of simultaneou
users. Althoughtheir work introduced some methods of
supporting input from scores of simultaneous users, it di
not go on to study the performance imp#tat might be

guse @ such systems.

arge numbers of usensjth a particulaf ocus on c¢hi



STUDY

Goals
Our aim was toexaminec hi | dr enbs pefformance i n
fundamentalpointing and selectiontasks using multiple
mice concurrently on a single sharkdgescreen display.
More specifically, we were interested in h@erformance
in terms of task completiotimesand accuracy changes as
the number of children and mice increases, and
consequently to determine | f there was a fAsweet spot o i
terms of the number of children who can concurrently use
large screensingledisplay groupwaresystems.We were
also interested iperformance differences associated with
tasks that resulin temporally concurrenselection of a
single target by all children versuemporally semi
concurrent selection of different spatially distributathets

by each child.

Participants

Because our domain of interestaducationalsettings, we
ran our study with schoehge children40 children, aged
10-12, 15 female and 25 malérom a public elementary
school inthe Northwest United States/olunteere for the
study. When asked to rate how often they used computerg
on a discrete scale (1 beipg fArarelyo, 4 being fAevery de
the average response wa$. In their past computer usage,
37 children operated mice with their right hand and 3 used
either had. Parental consent was obtained for all children
and a gratuity was provided to the school in recognition for

their participation in the studyThe children were not Figure 2. Study setting.Eachc | assroom had a 64¢

directly compensated for their participation. projected display in front of 4 rows of 8 desks, with a mouse
Setting on each desk.

The study wasadministeredin two classrooms in the cursors

school Each room was equipped with individustudent ~ One challenge in supporting a large number of
desks, 260 wiaddeve placed @ &JSBd2e0e gimultaneous usersn a single displays the design of
Microsoft IntelliMouse on each deskihe desks were cursos such that they are easitientifiable by users while
arranged in four rows of eight desks. Each room ha02#  minimizing visual clutter. The detailed investigation likely

X 768 pixel restution projector mounted in the ceilirgnd required in order to delop an optimal cursor
projecteda 6 4 0 displayda8 the front of the room. representation for such environments is beyond the scope of
Figure 2 illustrates the setuplhe first row of desks was this paper; however, in an attempt to address this issaie, w
posiioned approxi mately 580 ayesigheddursoprsmitht todlifferentiatirty @isual féafuks

each subsequent row of d e ghlractervaAdragow direciighigured).mat el y 400
behind the previous rowNe equipped each room with a

Pentium 4 Windows XP Dellcomputerto run the study
software.The multiple mice were connected to tkisgle
computer via USB hubgCustom software was written in
C# using Microsoft .NET 2.0 to administer the study
stimuli and log all mouse events.

Two classrooms were utilizetb enableus to runtwo

sessions concurrently. Both classrooms had the same

corfiguration of desks and projection equipmeAt.third

classroom was used as a holding room where student&igure 3. Cursor design. (left) Eight example cursors uniquely

would go while they waited for their turt addition to the identifiable by different characters, with arrows pointing in

researchers administering the studgachers from the different cardinal dir ections. (right) T_he eight cursors pointing

school were present to supervise children, both in the [ the same target result in overlapping arrovs but not cursor
characters, maintaining cursor identification. With more than

clas_srooms being used for the study as well as in theeight cursors,more visual overlap of the characterswill occur.
holding room.



