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ABSTRACT

Mischief is a systemfor classroom interactiothat allows
multiple children touse individual mice andursors to
interactwith a singlelarge display[20]. While the system
can supportlarge groups of childrenit is unclearhow
chil dr en 0 sis gifected agroupasizeinereass.
We explore this questionia a study involving two tasks,
with childrenworking in group sizesanging froml to 32
The first required reciprocal selecton of two onscreen
targetsresembhga fAswar mo poi nrhighh g
be used in educational applicatiorghe second, a more
temporally and spatially distributed pointing taskad
childrenentering different words bgelectingcharacters on
an onscreen keyboardResults indicate thgierformancés
significantly affected by group sizenly when targets are
small Further, group size had a smaller effectwhen
pointing was spatially and temporally distributbédnwhen
everyonewas concurrenthaiming at the samerges.
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INTRODUCTION

Single-display groupwaresystemshave been exploretb
supportsmall groupeducationalactivities [3, 10, 21, 2§].
Recently, hese systems havbeenextendedto support
entire classrooms of students using a sirgtge display
[20Q]. For classroom usehére are several advantagesato
shareddisplay design ovemore conventionalsystems
Costs are typically lower since each studentdoes not
require an individual computer and new cooperativeand
competitivetasks can be performesh a shared screen in
ways thatmay better engagstudents

Typically, singledisplay groupware systems have
supported small groups @5 users[21, 28], but recently
Moraveji et al [20] demonstrated scenarios witip to 18
childrensimultaneouslysinga single large displayMice,
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unlike audience response systefn® c | i, cadicalatossp )
mobile phones,PDAs, display continuous inputto the
wholeclassin reattime. While the idea ofin entire class of
students simultaneously accomplishing a task is interesting,
and observations fromMoraveji et al [20] suggestthat
childrenare able tousesuchsystens, their experience also
shows that it can be somewhat chaofis. the number of
childrenand cursorsgrows, problems of visuallutter and
occlusion, cursor differentiation, and visual and auditory
fesdbagkn mdyi oecurlTd ddte, however, there is no
empirical dataon howeffectively large groups of children
can interact with a single large display system using
multiple mice.Our goal isto investigate howthesesystems
scaleto largegroupsin orderto betterguide futuredesigrs
that mightmake suchsystems more usable.

This research is timelas computing facilities are being
installed in chssrooms at a fast padeow perunit cost
computers such as the One Laptop per Cinildative and
Inteld s C1 a s samgromising® €lucational gaira
relatively high overall costs to countriesvorldwide In
evaluating the feasibility ofuch efforts the potential of
low overall cost systemsshould also be considered and
empirical data ottheir usabilityis crucial in this regard.

Although classrooms are the most obviensironment for
large numbers of simultaneous userther domainsnay

also benefit from suchsystems Large groups frequently
collaborate on shared representations isaster recovery
planning,teambrainstorning, andgeacvisualization

This paperdescribes astudy which evaluatec hi | dr en 0 s
performance in target acquisition tasks on a single shared

large display in group sizes of 1, 4, 8, 16 andRBgurel),
and discussethe implicationsof theresultsto the desigrof
shareddisplaygroupwarefor classroorrwide interaction.

Figure 1. Children simultaneously performing a target
acquisition taskusing multiple mice anda large shared display



RELATED WORK

Previous research has demonstraaeldantages osingle-
display groupware[28] where onephysical displayis
shared amongst group of cepresent users, each with their
own input device(s).This model has frequently been
applied to educational uses on desktop computecause
of the colldorative affordances ofuch systems and has
been shown to provide positive educational ggsn4o0, 11,
26]. Anotherbenefit of such systems s lower the cost of
computer accedsr studentsn developing regiong21].

incurred when large numbers of simultaneous usees
operating cursors on screen. In particulbejr cursors vere
large glyphs which enabled the children to easily identify
their cursors buthesemight impact performance due to
extravisual clutter as the number of cursors increase.

The study of simultaneous use of an application by multiple
parties haslao been studied in distributed groupwgbe6]

and tabletop groupwar@3, 25]. In distributed groupware,

Gutwin and Greenberg have made significant contributions

in terms of usability and interaction desigand provide a
Traditionally, mice have been used as input devices fomice summary of the literature in groupware usabil@y [
singledisplay groupwaresystemsNumerous studies have Of particular relevance to our work is Greenbetrgl 6% |
evaluated the performance of children usinige and other  exploration of how multiple pointers in a shared workspace

input devicesZ, 8, 12, 14, 15, 16], although not necessarily  (with some participants geographically remote) can convey

within singledisplay groupware systems per. $&ork by  more information by mapping them to underlying objects in
Hourcade et al [8] showed that childre® sage is a the scene ratmehan to Cartesian screen coordinates. They
significant factor in pointing task performance where also showed that adding semantic information to the
younger children (4 and $ear old) perform significantly pointers coul d i mprove user 6 s
worse than older children (1pear dds) and adults. Target happening in the shared space with minimal impact on
sizecanalsosi gni fi cantly i mpacgct sdgebrirdalest@ten 6s perf or mance

with small targets being more difficult for them than for
adults In addition, children seem to make significantly
more and less accuratessubmovements when acquiring
targets 9]. The fine motor skills required for the iming
phase of target selection are more problematic for childre
Hourcade et al [9] also simmarized thepsychology
literature on reaction times in childref4, 27, 29,
indicating that younger children will show greater
variability. This is supported by the model human processor
[1] which suggest t h a't childrenods
pointing devices shoulde lower than that of adults. In
summary much of the literature in evaluating input devices " X . o
with chiidren has focused ohow well children caruse ~ °rder to mitigate issues with clattandcollisions due to
various input devices and understanding their movementoyf"’rl""_pp'ng human Input thas particularly acute in a
characteristics when using those devidescontrastour  diréctinput tabletop environment

focus is on how <chil dr enoene dh&lénfedm biiRingtich sysemsafdt Brges nunbers
function of group size inlarge scale singidisplay  of simultaneous users is the lacksafftware infrastructure
groupware environments. in standard interface toolkits for supporting multiple
concurrent input devices. Several research efforts have
attempted to address thiscluding the Dynamo system by
lzadi et al [13] and Pawar et al 0 Blultimouse
infrastructure[21]. Our current research builds upon the
infrastructure irrecent work by Moravegt al [20].

The effect of groupsize in singledisplay groupware
systems has been explored by Ryatl al [23] who
examinedthe effect of tablesize and group size on task
n.performamce in tabletop display§hey found that group
size, but not table size, affecttask performanceAlthough
they only examined groups of 2 and 4 people and did not
compare tosingle user performance,this work does
highlight some of the interfacissuesthat designers should
e ANgre, of rWQePf?lJPBO”inQ\, |arlgq§ groups pf users in
roupware systems. In  particular, they indicate that
additional displays might be requirddr larger groupsn

a

The effectiveness of an interface or interaction style is
particularly important for educational activitiesnkperd s
[12] work on comparingdraganddrop versus poirand
click interactiors by childrendemonstrated that a less
effective techniquelike draganddrop can significantly
influencec hi | dr ends paetask. Whilenthat c e|n sinfmarypur literaturereview indicates that the effect of
researchwas conducted in a singuser scenario, it is Iikely group size on user performancging|edisp|ay groupware
that such differences in techniques could have an evesituations has not been adequately explored. This is likely

greater impact in a sharelisplay environmeniparticularly
with a largenumber of children working concurrently.

Russellet al [22] showed how a larger display can improve
collaboration in a singldisplay groupware environment.
Moraveji et al [20] describel a groupware systemwith a

large projected displaymeant for classrooms that
accommodates relatively large numbers of simultaneou
users. Althoughthis work introduced some methods o
supporting input from scores of simultaneous users, it di
not go on to study the performance impact ttmaght be

d )
with a particulaf o c u s

because mosvf thesesystemssupport a relatively small
number of users and cursp&s a resultthey showlittle
performance degradation due to group .s¥éh the recent
interest in deployingsuch systemsvith many more users
[20], it is important that we understand how performance is
impacted by increasing numbed$ users and oescreen

Lursors Our present work aims to provide some empirical
¢ data to inform the design of input mechanisms léoge

display groupware systems with large numbers of users
on childrenés



STUDY

Goals

Our aim was toexaminec hi | dr enbs pe
fundamentalpointing and selectiontasks using multiple
mice concurrently on a single sharkdgescreen display.
More specifically, we were interested in how performance
(in terms oftask completion times and accurchangess
the number othildrenand mice increasdé=rom this data,
we hopedo derive some design guidance for such systems.
For example, wavanted to sed there was & s we e t :
in terms of the number of children who can concurrently
use largescreensingledisplay groupwareystemsand we
hoped to determine a minimum size for objects that
children may have to acquire with their cursdiée were
also interested iperformance differences associated with
tasks that resulin temporally concurrenselection of a
single target by all children versutenporally semi
concurrent selection of different spatially distributed targets
by each childTo achieve these goals, we neetedlesign
tasks that would have broad implications for designeis of
variety ofeducational activities

Participants

Because our domain of interestdducationagl we ranour
study with schoehge children 40 children, with normal
color vision,aged10-12, 15 female and 25 malé&om a
public elementary school ithe NorthwestUS volunteered
for the study.When asked to rate how often they used

computers on a discrete ScalFi reisltudypef?ini.@a&clﬁarsasrr%loﬁohad‘labgic‘n

fevery dayo), the al7ehildepe posidQidhd f frofW & £rowsof 8Rlesks, with a mouse
operated mice with their right hand and 3 used either hand. on each desk.

Parental consent was obtainaad a gratuity was provided

to the schoolThe children were not directly compensated. CUrsors . .
One challenge in supporting a large number of
Setting simultaneous usersn a single displays the design of

The study wasdministeredn two schoolclassroomsEach  cursos such that they are easidentifiableby users while
was equipped with individuattudentd e s k' s, 26 0  winighiging ¥isu@ @lwtter. The detailed investigation likely
deep anda USB 2.0 Microsoft IntelliMouse on each desk. requiredto develop an optimal cursor representation for
The desks were arranged in four rows of eight desks. EacBuch environments is beyondethscope of this paper;
room had al024 x 768pixel resolutionprojector mounted  however, in an attempt to address this issuedesigned

in the ceilingand projectech 6 4 0 display4RBgdre2  cursors with twodifferentiating visual features character
illustrates the setuplhe first row of desks was positioned and arrow directiortFigure3).

approximately 580 away from t he <R Ccr AAN and Aaarch

subsequent rowwas appr oxi mately 40 ¢
previous Each room hada Peatium 4 Windows XP
computer running the study software.The mice were ql 2

connected to thicomputer via USB hubsCustom C#

software with low-level WinAPI calls to enumerate USB
mice, administeed the study stimuli and laged all mouse ? § 3‘ w 2

eventswhile ensuring there was no noticeable latency

Two classroomnablel two sessiondo run concurrently.

Both classrooms had the same configuration of desks andrigure 3. Cursor design. (left) Eight example cursors uniquely
projection equipmentA third classroom was useds a identifiable by different characters, with arrows pointing in
holding room where students would go while they waited different cardinal direction_s. (right) T_he eight cursors pointing
for their turn.In addition to the researchers administering ' the same target resuit in overlapping arrové but not cursor
the studv teachers from the school were bresent to characters, maintaining cursor identification. With more than
superviseythe children. both in the Classroomspbeing use gight cursors,more visual overlap of the characterswill occur.
for the study as well a@a the holding room.



The characters ranged from-ZA and 29, omitting 01 Eachtask lasted as long as the children needed; however,
b e ¢ a u &aro)couldde confused witthe letter6 O6 a rtheé children were inaucted to complete the task as quickly
616 with a | owe rerent eharacter® phed .as possiblewdile ohakihgf as few mistakes as possiiby.
cursor isintended to allow each user to quickly identify the left mouse button was used for clicking; middle and
their cursor. To avoid the visual clumping of cursors that right mouse button input was ignored it has been shown
would result if all cursors had pointers aimed towards thethat children often accidentally click treesther buttons7].
ubiquitous upper left corner, we had the cursor arrows pomtl.ask 1: Reciprocal Pointing Task

in one of eight cardinal directiong-igure 3, left). The In this task, eaclehild was required taalternatelyclick on
hotspot (i.e., cursor pixel which needed to be atop the targef, squaré targetsiisplayedq orscreen(Figurey4). The
to count as a click) was at the tip of the arrow on eaChsquare on the right was blue and the square on the left was

cursor. In ourcursorto-arrowdirection assignment scheme, red. As the children progressed through task; the color
if there were 8 cursors, each would be assigned a d|fferen6]c their cursos changed to indicate which target they

arrow thec(tj:g((jlil_gur? 3, rlght).::o:hmosred_thart]_ 8 as_orf, should click next. The cursazolors were similar to the
We assigne iional cursors 1o the Irections in turn, targes but not identical to avoid a camouflage effetn

resultlng' In some visual overlap in teu r ;ortna‘rasters most reciprocapointing studies reported in the literature,
when pointing at the same tar'gEbr example fithere were eedback on successful/unsuccessful acquisition is often
16 CUI’S'OI"S, there would be visual overlap between pairs OLrovided visually on the target or via auditory cudége
cursorswith 32 cursors, overlap betwessts 9f4 CUTSOIS.instead relied oursor color change for feedbabkcause
When cursors overlappedl, we ustgha blending with PF€ each cursor is unique to a particular chikhereas the two
randomized drderingto display them on screefhe size

P h voh (eh er + 4891 pixel targets are common to all children this environment
of each cursoglyph (character + arrowyas48x91 pixels. Auditory feedback via headphones would have been

Tasks impractical for the large number of children in our study

Two tasks were used in this study the first taskwe is important to note that each child had to succégsflick
moddedafis war mo p o i nibh which chislrene n arrtheiadicated target before they could proceed to the next
attempt to acquire the same targets at about the same tim&argetThi s ef fectively prevented
Such scenarioscould occur in the educational usage through the experiment by clicking anywhere.

environments we are interested and would seem to
provide significant challengdsr the children.Toward this
end, we deveped areciprocal pointing taskhat borrows
from theF i tparadigm[4, 17] to track how performance
changes as the number of users and cursors incierase
variety of target distnces and sizesHowever our task
departed fromthe standard Fitts taslor several reasons
First, t he Fi t acsoontfoa mudtipleyasri s
screen cursors that may distract users. Secorslal
feedback on targetis problematic because users may
confuse feedback with each otbes i Rimally,t we
expect thathildren will click on a targeat about the same
time, and then move on to the next targetmassecreating

Independent variablesere the Movement Amplitude(or
distance) btween the target centeend Target Width
Movement Amplitudewas either 300 or 700 pixe{actual
onscreena mp | i t u doe 4 3 .87 BH@gd Widthwas
30, 40, 80, or 160 pixelg@actualonscreers i ze 1. 906, 2.
or 1 0 .0Fpr eachiMovementAmplitude and Target Width
cor&wb&ngtign, eﬁslch child completed 10 target acquisitions
a row, after which theicursorturned gray and wadisabled
such that clicks were no longer registeredAfter all the
children completa the task the screenwas clearal and
they were givera short break in preparation for the next
Movement AmplitudeandTarget Wdth combination

visual interferencearound the targetsOf course,it is $
possible that one or more children might lag behind the 0 Y
othersangj et somewhatft fphased in F Y 6 *B]‘? E ISQ H, -
The second task explorea different scenarip where Ig;g g i %%‘” “Ei—; 1s D+3§35.62 (—XE
children are pointingsemiconcurrently at different targets i > A > T8
that are spatially distributed across the screen. While we . A Y

could have designedraabstract task to test this scenario, T

we decidedo use a more ecologically valid text entry task

that was based on the applications explored by Morateji Figure 4. Stimuli for the reciprocal pointing task. (left) Stimuli

al. [20] in their Mischief system used in schools in With Movement Amplitude = 300 pixels andTarget Width =

developing regionsiVe designed a text entry task in which 160 pixels(right) Stimuli with Movement Amplitude = 700

each child had to spell out a variety of words using an A~ PX€ls and TargetWidth = 30 pixels.32 cursors are shown to

onscreen keyboardin this task, each target (keyboard illustrate the maximum density of cursors in the study.

letter) was the same sz and successful performance Task 2: Text Entry Task

required a chain ofeveral accuratebutton acquisitions  In this task each child was required to entevefietter

(e.g., to correctly spell the target word). words by clicking on the relevant charactersamA-Z on-
screen keyboard Each letter on the keyboard was
represented as$b x 55 pixel target Each child was given



eight words to entein turn. All children entered the same

set of wordsput in different fully counterbalancedarders STJO LBE J K SVJI t A{p‘! ]
depending on their assigned group as discussed in the - > 2
procedure section latefThe words were selected from a , J 6_ J M_1 J N_\ |
standardlinguistic database with a Kucera & Francis 7 ] 8) ) 1 | P )
frequency of 1017], and filtered to ensure thayould be ] B J Q| ) \ J
understood by the 102 year old childrein this study. — JiB “ C | *D’ J\i E] F) G H) I J
Each childwasassignedo a quadrant of the s@e which

displayed the word they were requiredanter Within a ‘%J K [%j M ‘lﬂij iﬂ al RJ
quadrant, each child was assigned a spetdfit display sJLrJluJiv]iw)lx )Lyl z ]l ee)
box within which the characters they selected from the on () ] D J| 8 J T ]
screen keyboard would appear.h ei r assign J F J U 77J V‘Wriij
character waslisplayed next to their text entry box so that | ; v S

they could easily identify #ir box from the rest.No =\ J ‘ J W\‘ J X} J
additional feedback was providetls an exampleFigure5 ] J J \ ) J
shows the stimulat the start of a trial with 32ursors: the STEAK ROAST
children with cursorK-R had to enter the wor8 WEAR Figure 5. Stimuli for text entry task at start of trial . In this

by selecting the relevant characters from the onscreen example, 32children are divided into 4 groups of 8 Each

keyboard in the middle of the display, and the other group is assigned one quadrant of thecreen, with the word to

children simirly entered the wordSTOLE, STEAK, and be entered displayed on top of 't
ROAST respectively.Figure 6 illustrates how the display ~ Cursor character is dlsplqyeq next to thelr text display box so

looked as the trial was partially compleWhen different they could easily identify their own box.

numbers ofcursors were tested, the number of text display . STOLE SWEAR

boxes shown per quadrant wasljusted in a balanced 2) J 3L w J| KL ¢ | L\ sw ]
manner across quadrants 5*‘ STOL J 6 ST J M S J N| sA J
The children could only input 5 characters (i.e., the length 71 S8 | & X | "\W\RJ B SvE |
of the given word). Any additional characters were ignored. | SToL | B st | Qy ] R) W\R ]

Incorrect characters could be entered, and more than on

| E J
could be entered without immediate correction (up to the Sqi HJ l—d{-—DJ E’}@’%J

maximum of 5 characts), but ultimately these had to be #¥ “IM WJ |_ﬁ_’ﬂ
corrected by sel ecting t he SR&_TJ\U

keyboard and reentering the correct characters. After eact & < ~ ,

chi)I/d correctly entered tﬁeir given word, a large fied h e c | C_‘ STE J D ° J S_ﬂ i J T_‘f 0 J
ma r was displayed on their output panel, bagrthem _STEA | F\_ST J| U_R | W Ross |
from further character input. Their mouse cursor also turned \MK J AL J W J X J
gray to reinforce the fact that they had completed that trial. R s J J\ STEA J \ PG J 7| Ros J
Procedure STEAK ROAST

The study was conducted after school hours on two separatéigure 6. Stimuli for text entry task part-way through a trial.
days in December 2007, one week ap&ight children Somechildren have partially entered their words; three have

participated on day 1, and a different set of 32 children on completed entry(cursor turns gray) and a red checkmark is
day 2. At the beginning of each day, the children were displayed next to the relevant text display boasto confirm

asked to complete a short background questionnaire that completion.

gathered background d?mOQVaphlc I_nformatlasked to Table 1. Task and group sizescheduleacross days.
complete a short color blindsg evaluationand asked how

often they use computers. Following this, all of the students | Day 1 Sessions Day 2 Sessions

went into the holding room and were called into the study

rooms when it was their time to participate. Practice Task 1 Practice Task 1

All children did the reciprocal pointing task first, followed Task 1 Group Size 1 Task ] Group Size 8

by the text entry task. For each task, they first did some | Task 1 Group Size 4 Task 1 Group Size 16
practice trials to familiarize themselves with the task. Then,

they repeated the trials in each task in different group sizes| 125k 1 Group Size 8 Task 1 Group Size 32
as shown imablel. PracticeTask?2 Practice Task 2
Task 2 Group Size 4 Task 2 Group Size 16

! http:/Mvww.psy.uwa.edu.au/mrcdatabase/uwa_mrc.htm Task 2 Group Size 8 Task 2 Group Size 32




On Day 1, for Group Size 1aehof the 8childrendid the H3: Groupsizewill have lessof an effect on performance
reciprocal task individually, with a single mouse on an in thetext entry task compared to the recipropainting
unshared displayThen for Group Size 4, the 8 children task, since the children wislnot all be trying to sele¢he
were divided into two groups of 4, andidhe tasks with 4  same teget concurrently.

cursors on one shared display. We ran both groUPSESULTS

concurrently in the two classroontanally, for Group Size

8, dl 8 children did the taskwith 8 cursors on one shared
display. The same assignment of children to groups was
used subsequently for the text entry tdskte that we did
not test the text entry task with Group Size 1 as we felt it
would have been effectively similar to the reciprocakta
since there would have beemo issue of multiple cursors
trying to concurrently acquirdhe same target. Reciprocal Pointing Task

. . - We calculated two dependent measures for this task:
On Day 2,for Group Size 8the 32 children were divided movement timeand error rate. Movement time was

into four groups of 8, and did theciprocal pointingask computed as the intervadr bet w

with 8 curslors ohn one slhared d'Splaé' We gfm t‘i"g 9roUPhanged to indicate the next target to select and the button
c?nﬁurren':.y in the two fC gssroonﬁnr rdoup ) ize 16w press that successfully selected that target. This measure
of the earlier groups of 8 were merged to form groups ofy, .« includes the time to correct for errors. Error rate was

16, and .did the task with 16 cursors on one ;hared diSpIaycomputed as the number of targets that were not selected at
We again ran the wo groups concurrently in the two the first atempt

classroomsFinally, for Group Size 32,lla32 children did

the taskwith 32 cursors on one shared displajis same  When performed by a single person on a -sbared
assignment o€hildren to groups was used subsequently for display, our reciprocal pointing taslecomesessentially a
the text entry taskNote that the Group Size 8 condition st andar d 4FLV] task $i@veveraswednticipated
was common to both days for the reciprocal pointing taskwhen designing the studythe multiuser multicursor
mainly because we did not want to start the Day 2 childrennature of this task results fandamental differenceom

off with the likely harder Group S&z16 condition. the single user case, in terms difficulty in providing

visual feedbackon the target visual clutter due to

On each day, all children kept the same seat position,ejanning cursorsandvisual distraction due to multiple
throughout all tests, so they were in the same physical placg ;. oqrs™ Not surprisingly, these differences seem to

relative to the screefor each of the 3 group size conditions  \aifest themselves in terms of high error rates for the
(albeit sometimes in a different room). conditions with a large nhumber of cursoas well as large
In summary, for theeciprocal pointing taskseach child  differences in pdormance across Target Widths as
completed 10 target acquisitions for each combination ofc o mpar ed t o Movement Amplitude
Group Size x Target Width x Target Amplitude for a total Difficulty would indicate that Width and Amplitude would
of 10 x 3 x 4 x 2 = 240 target acquisitions per chdsh Day ~ have similar impact on performance)Also, our
1, thisresulted in8 x 240 =1920 target acquisiti@across ~ experimental design had a relatively low number of
all children; on Day 2, 32 x 240 = 7680 target acquisitions. Observationger condition.Taken as a whole, these issues

. confirm our expectation thaa standard Fitt anal ysi
For the tgxt entry task, each child entered 8 words for eacly,ouid not be appropriateThereforewe report analyses of
Group Size for a total of 8 2 = 16 words per child.- On 4 ement time and error rate as a function of Group Size,
Day 1, thisresulted in8 x 16 = 128 wordsentered byall 4146t Width, and Movement Amplitud@o minimizethe
children; on Day 2, 32 6= 512words. skewirg commonly seen in response time data looked

The children were free to talk amongst themselves during2t the median response tim@r each child in thdast 8

the Study, as they m|ght do in a re@rld scenario. Breaks Mmovements of each conditigthe first two were discarded).
were given between each conditiévi.the end of eactask ~ For each day, we performed a 3 (Group Size) X 4 (Target
the childen were asked to rate ha@asy the activity was on Width) x 2 (Movement Amplitude) whin subjects

We analyzed the data froBay 1 and Day 2 separatels
such, # analyses were conductedvithin-participant
Because of the complexity and number of analyses
performed, all results are reported with a conservative
significance threshold of a=0.01. Bonferroni corrections
were used on all postoc ttests.

a 5point scaleFreeform comments were also solicited. ANOVA. On day 1,Group Size = 1, 4, and 8; on day 2,
Group Size = 8, 16, and 32 children.

Hypotheses .

We expected tobserve the following: Day 1 Movement Time and Error Rate

) o o Day 1lhadgroup sizes of 1, 4 & 8. Fanovement timgwe
H1: Groupsize would significantly affectndividual target  t5,ndno significant main effect fogroup size We did find

acquisitionerror rates a significant effect for Target WidthF; ,=184.8, p<0.001)
H2: Groupsizewould significantly affecindividual target ~ and Movement Amplitude (F,=370.2, p<0.001). As
acquisitionspeed expected, movement time increased with increasing

Movement Amplitude and decreasing Target Widtlg(gre
7, top row). We also found aignificant interaction between



Group Size and Target Wid(F 45=6.52, p<0.001). Further ~We foundsignificant main effects on error rate for Target
analyses revéad no significant pahwise differences  Width (F;¢,=115.16, p<0.001and Group Siz€F,s+~35.23,
between Group Sizes for each Target Width p<0.001). Post hoct-tests for Target Width showedo
significant differencesbetween the two largest Target
Widths, but error ratesincreased significantly for each
successively smaller widthp<0.001 Figure 7, bottom
Day 2 Movement Time and Error Rate right). Post hod-tests for Group Size revealsijnificantly

On Day 2, we looked at group sizes of 8, 16 and 32larger error rates for the group of 32 children than either
children. As in Day 1, we founsignificant main effects on  groups of 16 or 8p<0.001 Figure?, bottom row).

movement time for Target Widt{F; g;=261.54, p<0.001), ith . foundsianifi . .

and Movement Amjitude (F; ,=90.29, p<0.001). We also As with movement time, we foundsagnificant interaction
found asignificant main effect for Group Siz&F, 5=36.41, between Group Size and Target Width on error,rate

p<0.001)on movement timePost hoct-tests indicated that (':.6462;5'1to'bp?0'001)' V\:}egerforggd at sem;sTof 12t-\F/)\?I(;th
the Group Size of 32 was significantly slower than either 16 WISE tests between each roup Size at each farget Wi

: to further investigate specific differences. We fouinak
or 8 p<0.001 Figure 7, top row). There was also a . .. . e .
significant interaction between Group Size and TargetS|gn|f|cantd|fferencesAt Width=30 and 40 the Group Size

Width (Fs 16=17.98, p<0.001)We performed a series 12 of 32 had significantly larger error rates than either groups

pair-wise ttests between each Group Size at each Targef’f 16 or 8 At Width=80, the Group Size of 32 had

Width to further investigate specific differencé¥e found Eignificantl)r/] IargAer effﬁ"aﬁes thaln groupfs d (Figure 7’.
three significant differences: the Group Size 82 was ottom right). As with the analyses of movement time,

significantly slower than either 16 or 8 for Target Width = these findi_ngs suggest thawor rates for smaller targets are
30, and Group Siz of 32 was significantly slower than 16 disproportionately affected by larger groups

for Target Width = 4QFigure7, top right). These findings

suggest thatnovement times are only seusly impacted

by Group Size when targets are smaller

We foundno significant effects for any factor for error rates
on Day 1(Figure7, bottom row).

Figure 7. Results for reciprocal pointing task. (top row) Movement time in seconds, by Movement Amplitude and Target Width.
(bottom row) Error rate as percentageby Movement Amplitude and Target Width. The curly braces on the right column graphs
highlight the primary significant differences found in our analysis.



