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Abstract

Large displays andhformation kosksare becoming increasingly common installations
public venuedo provide a efficientself-serve meanfor patrongo accesinformationand/or
servicesThey havesvolvedover a relatively short period of time from ndigital, nor-interactive
staticdisplaysto more elaboratenediarich digital interactive systemgVhile the content and
purposes of kiosks hawtangedthey are still largely based on ttiaditional singleuserdriven
designparadigmdespite the fact that people often venture to these venues in small social grqups, i.e.
with family andor friends.This oftenlimits how groups collaborate and forces transactions to be
serialized This thesisexploresdesign constraints for interaction by multiglecial groups in parallel

on shared large vertical displays

To betterunderstandlesign requirementsr these systemshisresearchs separatedhto
two parts apreliminaryobservéional field studyanda follow-up controlled studyUsing an
observational field study, fundamental patterns of how people use existing public displays
studied their orientation, positioning, group identification, @@havioumwithin and between social
groups justbefore, during, and justfter usage. These results are then used to motivate a controlled
experiment where twimdividualsor two pairs of individals complete tasks concurrently olowa-
fidelity large vertical display. Results frotime studies demonstrateat vertical surface territories are
similar to those found in harizontal tabletops in function, but their definitions and social conventions
are different. In addition, the nature of ushile-standing systems results in more complex and
dynamic physical territories around the display. We show that the anthropological notion of personal

space must be slightly refined for application to verticspldys.
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Chapter 1

| ntroducti on

In shopping malls, amusement parks, airports, and other public spaces, large digital displays are
replacing traditional signs as the medium of choice for communicatiogration to the general
public. Historically, nontdigital displayscould only supporbneway communication as they
broadcasgenerainformationto the public Therecentdigital revolutionnow permitsbi-directional
communicationunlockingan entirelynewcollection oftasksthat carbe affordegdmost notably,
transactioal taskscreatingself-senice interactive kiosksWith this transformatiorthesedisplays

may now range from static digital signs, showing generic, #asiinginformation suchas a directory
or map, to fullyinteractivekioskswith dynamic and personalizedntent Thus far, large digital
displays have mostly been used to strictly serve ambient information to the general public (e.g., flight
information at an airport, event schedules at a convention/confereffica)ing little to no

interactivity. On the other hand, interactivity has largely been reserved for smallissegliiosks

(e.g., movie ticket kisks, grocery store checkouts).

. jccenture Interactive Networy
hetts L : ey o2

Figure 1.1: Ar t idepictidrsof user groups engaging a large publitisred vertical display in paraligéft).

A man interacting with a novel large display installation (right).



This paradigmis particularly dated because people tend to venture out to public venuesin soc
groups, e.g., friends, family, coworkedlleaguesThe problem becomes clear: whesingle

member of a group interacts, the others can only passively obeeatebest, communicatieeir

ideas verballyQuite often, tasks can benefit from colladtaon, which wouldnot only male

productivity gains, but creat more engaging experience for the entire gf@zp Thus, t begsthe
qguestion if combining these two systems would inherit the advantages of both sy&temample,

a map of an amusement park can be augmented with information about promotions or events in the
immediatevicinity, and people can customize this informatiorther with explicit interactions.

Building on the amusement park map example, multiple family groups could share a singieedll
display, with each group planning their day by selecting and organizing shared information from a
common maygFigurel.1).

Supporting information sharing and concurrent interaciomong multiple independent
groups is challengingndpresents a problem that requireseayvgeneral solutiorSuch a system
would need to support one individual and many individuals; one social group and many groups; or, a
mix of both. Distinct parties may wish to collaborate amongst themselves, or subsets may branch off
and choose to work dlependently. Furthermorasers may transition between these statesliat
working collaborativelywith their groupat first, tren independently, or vice verdzfectively,
groups are interacting on the same scamchronouslyworking on differenteven loosely
coupled tasks Designing a system that can support such flexibility requineseresearch into how
groups behave isimilar situationsand how territorialityis governecn vertical largescreen displays

which manifess itself in two waysphysically in front of the display and virtually treer[37].

Thisthesisexploregheidea of publickiosks thatsupport collaboration between social groups
in parallel on shared large vertical displaye this end, this workletails accountsgf e o p | e 0
behaviour at and nepublic displays using two user studide gain a better understanding of what
features to suppodand consider when desigg such system®Based on these detailed observations,
this thesisaspires taestablisfundamental dsign specificationfr public kiosk systemghatwill
create a moréuid andengaginguserexperience foeveryone outside the homdore specifically, to
inform the design of large, public, interactive displays for multiple grabjssthesis presents

accountsabout how these groups interact with themselves, others, and the display itself.



1.1 Open Research Questions

The problem of territoriality and behavioomn and around large vertical publiedphared displays is

notclear and i research problemith manyconcernghat needaddresmg. We break down fls

broader problenmto smaller, more targeted research questions

1)

2)

3)

4)

How do peopleapproach, engage, andhotude their sessiarat public kiosk®

a) How does grap size affeceach ofthese stages of interactin

b) How do groups position and orient themselves during interaatidrhow do they

morphover time

How does territoriality play into multiple, necollabaatinggroupsatinteractivelarge screen
vertical display8

a) How do people assert their space physidallfront of the screeh

b) How do people partition virtugbn-screen}erritories?
How dogroups collaborate on

a) Currentpubickiosks?

b) Interactivelargescreen vertical displaysith other group®
Whatothercommonbehavioural patterns are exhibited by social groups while at public

kiosksandinteractivelarge screen vertical displays

1.2 Contributions

This thesis provides detailed accounts of thetteres and behaviours that emetgeh on and

around displays in collaborative and powilaborativeparallelmulti-group usageDataare collected

from both a field and controlled studihe contributims of this thesisgrouped bytheir respective

experiment provide detailed insight®n the following topics

1.2.1 Field Study Contributions

1

UserRoleldentification i This thesis lassifesusers intdhree types ofunctionalroles:
driver, active observegndpassive observeDrivers are those wheontrdled progression
through thetask Active observers providezliggestionsr assistancto the driver, either
verbally or via hand gesturead., pointing).Passive observedo not contribte tothe task;
however, may stilbverlook thedisplay Observationshow that rolesrenot staticand users
frequently rotated between different roles.

3



9 Effects of TaskComplexityi Observation®n three kiosks of varying complexipyovide
strongguidanceof whatto expectfrom having different levels of complexity software
applications. Specifically, it was seen tlatgerandmore complex tasked toanincreased
likelihood of role rotationsand wandering behaviounfermittentlyleavingand returningy
1 Limiting Factors for Parallelizing Usagé One of the keyesults from thighesis from
having observed the mall directaspecifically,revealshat even givemmplespace in front
of a large display, approaching groupsed toelectton wai t in | ined, queuing
preexisting groups at the displahhis verifies the similar behaviouReltoneret al. observed

with their CityWall researcproject[31].

1.2.2 Control Study Contributions

1 On-screenTerritoriesi This thesis presents evidertbat the orscreen vertical display
territories are analogous to those found in tablef[8§), but manifest with key alterations
and draw different perceived social expectations surrounding ti@mely, distinct regions
of personalstorage and public territoriesrerged.

9 Physical Territoriesi This thesis document®w groupsof varying sizesnaintainrelative
positions to one another at the display. This work reveals a very noteworthy difference
between how two individualgersustwo pairs share space: individuarpeshad a clear bias
for keepng large distance between theselveswhereagwo pairswereseemingly more
comfortable being closeogether and more freely engaged in casual conversation.

1 PerceivedUserExperiencei At the conclusion of each sessigayrticipants were asked to
rate their experience collaborating on a shared vertical display medium as well as note any
additional comment®verall, here was aense obatisfaction with the display and a clear
i f un fvithevorlong collaborativelywhich motivates this research space further

Although,earlysigns of fatigue began to shdwy someafter the 3éminute sessions.

1.2.3 Contributions from Both Studies

1 ApproachPatterns Physical Layouts andOrientationsi In both studies, integroup and
intra-groupmovementsverecatalogued and tracked over the duration of engagement. For the

observational study, wadditionallyrecorcedapproach patterns.



This thesisalsodiscusgsthe implicationsof thesecontributionson establishingsystenrequirements
for group identification, interaction design, and display organizaliemxplores how onscreen
territory can be allocated to respondfté-screen behaviours and influence them. The plasented
can ke leveraged bgesigners of large public interactive displays to entice, support, and influence

group actions on and around the display.

1.3 Context

As a requisite to understanding the context of this and related work, it is critical to understand that
there are thregeneratypes of environments to consider for behavioural anabyfdise use of large
displays by groups of usemgrivate, sempublic, and public environments. Private environments
allow maximal privacy, such as the home. Sempublic spaces are spaces ubfic that are

controlled or have a specific structure,,ipeople within the same space have something in common
or are somehowonnectedvith one another, such as a meeting room or a classroom. Public spaces
are open, uncont r ohele@abplesspadny thes spdce rhag havewbsoludefy ho w
affiliation with one another. As statetthis work is tailored for systems deployed in public spaces
such as in an amusement pé&eFigurel.1). Unlikein a private or sempublic environment where
total control of a display can be takennall by a collaborating groupr individual systems in public
spaces should ideally suppéair sharingand asynchronous ugdon-technical analogues of this
concept exist abundantly: consider a park bench where individuals, couples, csdargkgroups

can walk ugndependently of one anothern d fAcl ai mo a p ghenvacaeatwd.f t he r e

It is important to note that people behave differently in different environments depending on
several factors including social, cultural, and religious influences. For exampgjonsunder strict
Islamic rule, men and women out of wedlock are forbidtiecome in intimate contact in public.

Such and similalimitations are important to keep in mind. The reader should note that this research

along with all elated researchvas ©nducted in Western culgrunless otherwise noted

1.4 Organizational Overview

The remainder of this thesis begins witbamprehensivéterature review of research in the related
areasTerritoriality and BehaviourLargescreen and Public Displayechnologis, andPublic
Kiosks Wefirst exploreworks interritoriality from both a more primitive anthropologieand

psychological perspective, to more modern wattaptedn ComputerSupportedCooperativeNork

5



(CSCW) Insights from past CSCMelated workon both vertical and horizontal surfades.,
tabletopshelp sculpt our overall understanding of socialaa@burs, particularly arountis genre of
technologiesWe also investigate past projects surrounding tamgeen and public displaysenrich
our understandingf how previous authors have applied concepts of territoriality to their deaigphs
the paitive and negativenplicationsthat followed Tangentially, benefits of using largereen
displays, in and of themselves, are outlined in order to motivate the broader problemaastavell
provide leads on whabrts oftasksandor Uls stand to knefit mosfrom large screes Similarly,
research on public kiosks briefly visited.

The following chapterChapter 3presents an observational field studga@opanied with an
in-depth analysis of theecordedesults.We visited three different publiclipcated kiosks and
displays to survey howeople currently use existing technologieapa-digital mall directory,
cinema ticket kiosks, and phetievelopingkiosks.These settings serve jastifiably-good
substitutes to our envisioned system portraydeiganrel.1 which is not yeteven remotelwide-
spread Pe o pslfaeifiarity with these installations remowaanyexperimentatonfounds, such as
learningcurves andhe novelty effect After dozens of recorded behavioural patterns, certain
generalities ardrawn that can be used to infer desigarticularly with regards to territoriality in
front of a given systentimitations of existingdeploymentsare identified such anapparent
Afqueuingod of groups in front of a display: serial)]

parallelization.

Thefield study informsthe desigrand subsequent analysifa control studydiscussedn
Chapter 4The purpose of this second experiment is to dig deepenatédole patterns seen in the
preliminary field study as well as further eliminate confound variables, which is a particular
c o nc er rhed b Fsthdies Furthermore, this second experiment focuses less on territoriality in
front of the display and more @heon-screen territorieas well agroup dynamicshat emergand
how they change ovéine duration of interactiormo simulate ageneric(computation}ask,
participants were asked to solve jigsaw puzaleslargevertical whiteboardGroup sizeand puzzle
configurations weréwo primary control variablest is shown that participants allocate regions of

screerrealestateo serve different purposesmilar to those on tabletop87], but with notable

! The novelty effect occurs when initial reactions to a new technology are seepusiive, however, not
because of its practically, but rather of its novelty. Interest quickly degrades over time.

6



differencesln addition, observation®vealthe social etiquette behind how people intrtitese

regionsasvellase ach ot hméiesbs pr oxi

With the analyzed results of thetwo studiesdesign implications arestablishedn Chapter
5. These are inferred frothreeperspectivesore to this researci) how social groups interact with
each otheandamongst themselve®) the management afoncurrenbn-screenworkspacesand3)
group and roledentification.The goal of the desigspedficationsis to create a morengaging
experience for all members of social groups by enalslimgurrentollaboration, and to maximize
efficiency by promoting sharing by multiple groups simultaneously, regardl@sdivitiual tasks.
Thus, hese specifications should be consulte@mviealizinga largescreen publiclyshared
interactive kiosk.

The thesis is concluded @hapter Gvith a summary of the key findingsom both
experiments. Wencourage further studies into this al®ahaving abrief discussion on future

researchn this space



Chapter 2
Backgroumel aneéd Wor k

In this chapter, we present a comprehensive overview of research related to territoriality and
behaviour on and around large vertical pubkshared displays. The novelty of this work results from
studying territoriality and behaviour on technologies abtarized by having this undexplored
crossdisciplined nature of combining large, with vertical, with public, and with shared displays, and
thus, research involving this particular intersection is scarce. For this reason, work involving as many
commonalties is reviewed in an-ka-carte fashionWith that said, there are three core areas of

research related to this woterritoriality and behaviourlarge-screen and public display
technologiesandpublic kiosksMotivation for this work will then be @vided.

2.1 Territoriality and Behaviour

Territoriality must address the psychological and sociological behaviours portrayed by users if a
natural fluid interaction is to take place on public lasgeeen surfaces first step to better
understanding userssgecially in public spaces, is the role human psychology plays with regards to
territoriality. We first consider natural settinfyjem an anthropological perspectifies., without the
potentialinfluences of a technical syem). Then, morenodernstudieswill provide insight on how

territoriality is affected, if at allwith the introduction ofharedechnologies.

2.1.1 Technology-Independent

Behavioural and neuropsychological studiaggest that the brain constructs thyaeic zones of
space: the personaleripersonal and extrapersofff]. Personal spaceefers to the space occupied

by our bodieg$2, 7, 41]. Peripersonal spaces defined as th space immediately surrounding our



bodies which can be reached with our liml® 27]. Space beyond this scope is considered
extrapersonal spade, 33]. Human lesion studies and monkey neurophysiological studies provide
evidence for this functional segregationluésespatial representationSomeresearchers in this field
further breakdown # space around us widely-acceptednthropological researddy Hall, four
proxemic zones have been identified: intimate (less than 1.5 feet), persoriad fe&t), social (4

12 feet), and public (1R 25 feet) L3]. It is this breakdown that is often adopted in proxemacg. (

[1, 13, 42]). These explicit zones will serve as references/baselines to our study on territoriality.

Danningeret al.[10] studiedusingsocialgeometryof co-workers insemipublic office
environmentgo help infer opportunities for devices to interrupt users to minimize disruptions in a
ubiquitous workplace environmetd.s i ng heur i sti cs bheydevelopecha Hal | 6 s
socialgeomety engine that gauges the engagement of particifragt®up meeéhgs based on the
relative positions and orientations of their bodiE#se engine used computer vision to convert the
positional layout of participants into a directed, weighted
Booleangraph where nodes represeniedividualsand
directededge weights were dynamically adjusted in proportion
to theamount of time the head was facing that direc{igure
2.1 shows the sample graph included in their ppddreyalso
applied their engine ithe design of an office cubicle that

automatically mediates communications betweewotkers

by automatically rendering the separating wall as traresy
Figure 2.1: Graph with statistically ~ (from opaque) when the system recognizes intent to
weighted edgefor attention communcate based on joint orientaticFhere was no
observational component in the study to suggest why they
chose the heuristidbat they didinstead, they were buitdoptingHa | | 6 s  ddmittedty,ithei o n .
work lacked rigorous evaluation, butn i t i al experi ences were quoted a
asmotivation forthiswork. One of theobjectivesof this thesis isnforming Groupand Role
Identification(discussed i®): automaticallysegregdhg social groupollectedin front of a shared
vertical surfacdor personalizednteraction Danningeretald s e n griotrusedexplicigly in this
thess; rather, itomplementshis objective That is,given its preliminary succesheir systentan be

used to supplement the findings of this reseascthey are weltonnected



2.1.2 Technology-Dependent

Studies orbehaviour anderritoriality onand aroundarge vertical displayexist butare limited and
so we lookbeyondto the results from tabletop reseatolprovide a baselin®kegardless of
horizontalor vertical orientations a@ surface, collaborating groups mudtimately appropriate
surface reakstate and command objetiisaccomplish activitiesThis commonality is good
justification for why tabletop research sesas areliable sourcdor our work. Obviously,by nature

of the alternate surface orientatithrere will be differencethat emergeand the esults from this
thesis willdetermine whatotions ardransferable and wha not as well introducing new concepts.

2.1.2.1 Private and Semi-public Environments

Work by Scottet al.[37] is arguably the most similar to the work covered in this th&bisy
investigated concepts of territoriality and behavioyprivate andsemipublic setting, however,
around singlaisplay groupware using tabletop surfack®st notably theyobserved three distinct
functional zones on a shared tabletop sutfaaenely, tabletop territoriepersonaj group, and
storageterritories. These territorieemergedn both formal and casual sceits. Similar findings
were observed by Kruget al.[26] in their work lookingprimarily at the rolegiorientation of objects
plays on tabletop surfacdswill be shown that analogues to these territoriasbesirawn tovertical

displays in this thesis and so are described in detail below.

2.1.2.1.1Personal Territory

Personhterritories allow people teeserve a particulareaof the table as well as task resourcésy,

personal usdts purpose isto facilitate per sondés actions related to the
people to disengagdeom the groupactivity.| t can be consi dered as a fsaf e«
ideas before broadcasting them to theugr. With respect to the grogpllaboration personal

territories are often monitored by others and constructive critigisgnoccur, orif a tool if needed,

the owner of the tool can be easily identified by inspecting this territory.

Personal territoes are most often located directly in front of people, but most certinly
leastwithin close proximity.This was also confirmed by Tang(] in his observationatudy on
groupcollaborationWe can relate Scogtald s f i n dback © workis ley§, 27] anddeduce

that personal territories exist peripersonal spadsee2.1.1). Thus, where persohterritories are set
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up depends entirely on seating positibhe size and shape of this territory are influenced by several

factors:

1 Number of collaborators and seating arrangenietftseated alone, a persaiill claim the
entire table as personal téory. As more and more pelegoin, territories shrik to evenly
distributesurfacerealestate.

Size of the tablé Simply dctates how much readstate is available to partition.
Task activityi Personal territories contraahd expandbased on whetherpplearecurrently
working independently or collaboratively.

9 Task material$ Different resources, such as lett&ze papers to small Pesiotes, require
different amounts of space to allow for easy manipulation of objects.

9 Visible barriersi Crease®r marksin the surface may interfere with how people appropriate
space. For example, food court tables often have a line maokadthe middlevhich takes

care of space allocatidn alleviate social awkwardness

2.1.2.1.2Group Territory

The goup territory ishe communal space shared by collaborators to perform the maingask
activities From [37] 6 s 4 tiypically covers any tabletop space that is not occupigiebsonal
territories (se.1.2.1.). Consequently, the factors that affée size and shape pérsonal
territories, in turnaffect group territoriesGroup teritory isused as a natum to transfer task
resources, either by handing off items via the workspace or by depositing items arkbpase to
be picked up latewhen needed-or tightly-coupled activitiege.g.,assembling a puzzle, creating a
product dsign), the group spaéemore universally shared théwoselycoupled activitiege.g.,
assembling a room layoutjvhen activities are moteosely-coupled collaborators tend to partition
the group workspace implicitlyn this case, grticipants in37] Gteidy seemed less protective the

further the partitions were apart.

Orientation is aommonfeature looked at by tabletop researchers since participants are
seaedaround the tabld=ortightly-coupled activites col | aborators tend to ad:«
orienting items with the main task. In contrasta drawing taskTang @0] reported pople drew
pictures oriented towards different subsets of the group trying to gain attention. This suggests that

orientationon tabletop surfacas strongly taskspecific. The advantage of vertical displays is that this
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facetis less relevarginceeveryme shares the sameéentation and so is not addressed in this thesis

It is, however, worth notinthis advantage vertical displays have over their horizontal counterpart

2.1.2.1.3Storage Territories

Storage territories serve belding areafor task resource®(g.,tools, references) and naoask
resourcesd.g.,food and drinksand sit on top of either personal or group territorfégy can
initially belocated anywhere on the table, bave mobility and maftoat aroundover the deation
of interactionhowever, heytend to migrate towards the edges as interaction progrégsesding
to[37] 6 s o0 b s eemyimdtoragerseemingly catittle organizationabktructure and were
typically oriented towards the ownén.the same studylps of physicalitemsin storagewere
routinelylaid out andexpanded as peopdearchthrough thé contents, thene-tidied and collapsed

when the desired item wasthdrawn

2.1.2.1.4Discussion

The results summarized above are conclusions basstidies involvinga single collaborating

group. That is, in all the observed activities, all the participaats workingtogethertowards a
common goal, thereby simplifying the general peoin The question that still remains is how
behaviour and territoriality are exhibited in more general walanduse displaysvhere multiple

social groupsre independently collaborating on separate taskslarify with an examplgimagine

a family plaaning their day on an interactive itinerary while simultaneously sharing the display with
another couple browsing foearby places to eat breakfdsts yetunclear how thes87] 6 s

principles would transfer, if at all, to this more general problem space.

2.1.2.2 Public Environments

The shortcoming of the works described in the previous secifer (02.1.21) is that the
experiments were performedsitrictly nonpublic spacesCollaborating articipants in sempublic
studieshave,by definition some degree gire-established reteonships(e.g.,colleaguesand this
changes the socialdynamigss any soci al A a w.lNet o mdntiomesvaryoneiiss al | evi a
working collaboratively towards a shared gdddturally, we turn now tavorks whichfocus on
systems deployed in publi s p a ¢ e s : The fihdingsfveerdpublic studies are still applicable,
as will be seerut we must extend our knowledfyetherandconsidermpublic environments.
Fortunately researctexists that look at behaviours aroustiaredsurfaces deployed in public
12



environments$ bothverticalandhorizontal Strictly speakingwhile work on publicly-located
horizontal surfaceis less relevantsomeof theobservations provide generaltdeinsights on social

behaviourssuch as teamworkonflict managemenand turntaking protocols

2.1.2.2.1Sharedvertical Displays

Shared wertical displays in public are most applicable to this thésisever, it is relatively under

exploredin researctandeven morainderused in practicedOne possible reason fdahelimited

deployment of interactive large displays may be user reluctance to engage with these devices in

public venues. Brignukt al.[4] considered the early stages of interaction with public laogeen

di splays. They identifi ed emg.deartof emzauassment)and bot h wus
attraction €.g.,fhoneypo t 0 % tb dse largescreen displays in public aresdorneckeret al.[18]

al so noted the strength of the fAhoney poto effec

One exception to the lack of public deployments of interactive siarédaldisplays is
CityWall [32], a 2.5 m wide publienulti-touch displaydeployed outdoors in an urban environment
that enablepeopleat large public events to upload astthre photosThis study, however, focuses
user perception and attitude towardstdehnologyrather than territorialityThe researchers studied
collaborative behaviours, and found CityWall provided asenfiesoc t i ve spaect at or ship
participants felt much more engaged in the gghnowing they could be phetmntent submitters
(via a smart phoneyeveral reinforcingjuotes were given that sugg#sit people areery accepting
of such technologieSome notable quotes being:

fil can't see that one would go there alone to look [at pictures], unless you know that
there is a specific photo or something. It works better with a group. It's also more fun
maybe that way, as many people can see what

[Onprivacyl]il t doesndét matter. 1t isn't so public
photo of yourself there. But if it were a bigger screen, then it could be a little more
uncomfortable. Of course depending on the fact whether one wants her own picture

BN

to bethere or not. But it did not matter as it was funtotesthow wor ks . 0
The second quotdearlydemonstratea u sce@nceén®ver privacgnd comforievel as screen size
increasesObservationsnd quotesvere recorded frora combination of one, fotday event and one

two-day event (effectively six daysking13 randomlyselected spectatoasd so, nfortunately, it is

The fihoney poto effect refers to the attraction to a
are already showing intetdsy interacting with it.
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difficult to say if this technology suffefsom the notoriousiovelty effect. Furthermore, the task,
while highly-parallel,wasnot particularly collaborativeAlthough multiple groups were able to
engage the display simultaneously,teaserexploreddifferentphotos individuallyln the end, the
resultsareless focusedn issuesegardingterritoriality, butit does giveirm insight andnotivation
for work in this spacewith the knowledge that people ammreacceptingof, ratherthan intimidated

by, large display technologies.

In a follow-up study Peltoneret al.[31] examined the social interactions that occurred while
users interacted with tteameCityWall display.Manual eviews of recordedigteo revealed a total of
1199peoplein 512 groupsnteracted with the display over an eiglday observation period providing
muchmore statistically sound findings compared ttheir earlier studgonducted a year prior
([32]). Many social dynamics are expressed as a function of grouglsies#t is very important to
documentas will be seen in this thesksor reference hie distribution of group sizador [31] Gtsidy
was: 18% individuals, 72% pairs10%groups of three, and very rarely groups of fdure duration
of engagement is broken intlareechronologicdly-orderedsegmentsapproach interacting with
others andconcluding actionshowever, only the first two are relevanid therefore discussddis
critical tothis study to understand thgsa&rticularobservationsincemuch of the behaviour was seen

repeatedn our preliminary observationatudy(Chapter 3.

I.  Approach
The system wain use only 8.8% of its uptime, but recognizing that 19% of the sessions

beganwhen at least onethergroup was already at thikisplay reinforced the notion tfie

Afhopey 6 effect Thoeg aswtchhorssy sgweansed t hat the out
wasnot ideal camouflaged byeing surrounded with so much visual cluttean urban

environmentUser comments confirmedis, emphasizing that the display was hard to notice

without anyone else using this simple observation should be taken under advisement when

deploying systems in publgpaces

Il Interaction with Others

Their work presented several social concepts argshadedarge displays including, social
learning (teamwork), conflict managemgamd turntaking protocolsWith regards to user
experience, lausers interviewed admitted that the installatiess mostfun to use together

with acquaintancedurther motivation taleploysuch system®eingin a casual setting,
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peopld s h a nsbmetimegpmrearcupiedoldingitems such asoda cans or shopping

bags. In some of these cagesmwork wadeveragedo manpulate objects oscreerthat
required twehanded techniqueg.g.,image scaling)A valuable lesson from this is to refrain
from using twehanded interaction techniques for waland-use system A key outcome

of the study showed that even with a widft2.5 m, groups would sometimes queue up

behind an interacting group even when plenty of space was available. This suggests that an
appropriate moment of entry is not simply a matter of available space. Thisftindss
emphasizes this pitfall and dissses possible solutions to this problem.

Conflict management is a concern forstilared systems. Observations showed that
when one group manipulated contentsmmeen that interfered withat ofanother group, the
of f en desdesppnseisiyngredatie eitherstepping back or making eye contact with
acquaintances, rather than with the offending grotese events may be perceived both

positively (triggering laughterpr negatively(causing frustration)

Most observationseportedwere specific tahe photemanipulation task installegn CityWall
Unfortunately, this tasks not very encouraging of collaboration and individuals in the same social
groupstended tdoreak apart o expl ore functionality independent

buildi n-ké exercisesn parallelshould be explored: the niche of this thesis.

Using a revised version of CityWall, named Worlds of Informatiatucciet al.[21]]
developed a customized user interface for exploring and manipulating photos-ilssmh8rical
widgets. Most of the worfocused on thevaluation of theidesign;however, they dextend the
concept of social learninghich can be considered in a genahse Specifically, theyormally
enumerated all the observed behawoas users assisted each otRezsm observations over a three
day period (number of participants was rextorded they coded four methods of learningdividual
exploration coopeative explorationpassive observation then atterm@hdimitation. The first three
are trivialy defined and mitation is defined when users go directly to the wall and imitate others.
Most users would use some combination of two or more of these meliditghly-collaborative
environments, it is useful to understand how ukEm andseek adstance in times of uncertainty so

that systems can be explicitly designed to best support them.
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2.1.2.2.2ShareHorizontalDisplays

Marshallet al.[29] observed all the stages of interaction with a tabletop in an uncontrolled public
deploymenin a lengthy 32day study Their key finding with respect to how gae approach

t abl etttmps | @ O n wohesivetgroupg oftan did not approach the display together; instead,
one member would be attracted to it and wave the rest of his/her grouperedry causing the
members to arrive asynchronously furthercomplicate the matter, since the system was deployed
in a largetouristcenter, social groups were often fragmentedl before interaction anggrouping
couldoccurat the displayAnotherinteresting observation regarding approach patterns was that as
individuals walled by thedisplay, noticingthe displaymay cause them tpauseand thertap the

surface initiatiig interaction while their body vgastill oriented in theriginal trajectory they were
walking, i.e, not at the displayThis positionmay hold for several seconds as they are interacting and
is evidence that body orientation alone is not a reliable measgeaigingattention T h i sthefi i n
wi | do s valuabieinsigt im & publity-deployed tabletop system; howevelisinot cleaif

these behavioural patterns are shared with vertical surfaces.

2.2 Large-screen and Public Display Technologies

A majority of the research on largereen displays has focused on the benefits of a larger display
surface and individual/group interactionthe displayln their overview of largescreen research,
Czerwinskiet al.[9] summarize cognitive benefits, noting that larger displays improve information
recogniton and peripheral awareness making them-saglied to navigation tasks. Other researchers

have noted productivity gairj8] and improved collaborative interact®f86] around large screens.

While researchers have demonstrated the cognitive benefits of large screen displays,
deployments of interactive displays in ogarblic environments are rar@, [32, 36], as stated before
Many largescreen systemeg(g.,Plasma Posters], LiveBoard[12], Flatland B0], BlueBoard[36])
have been deployed, insteadsemipublic environments where they are accessible to small co
located groups and not the general pabgege.g.,in the workplace). While sergublic
environments often have mufterson spacedhé role of large displays theseenvironments is
different than their role in open, public spades: example, in workplaces the act of taking control of
anentiredisgly and customi ziagg oiutp 6fso ru soen e 6ss aocwnre parabl e,
display ceopting is done to support wofR6]. In public, any personalization afdisplay must still

be mindful of other useéseed to access generic contdnis not clear that group behavisun
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semipublic spaces like the workplaaeesimilar to behaviours in public spaces such as malls,

airports, or amusement parfi4.

There exists several works that have explored alternative interaction technidaggeon
vertical displaysThelargephysical sizgpresents additional challenges fanipulatingcontenton-
screen. For example, objects @&xistin extrapersonal spadeeferto2.1.)iout si de of oneds
This opens a new set of research questiskgnghow besto addresshis problenconsidering time
and energyesourcesJotaet al.[23] presented a comparatigeudy of the performance of three
commoninteractiontechniquesgrah point, andmouse A grab technique is a metaphor fobowwe
reach forphysical objects, likbookson a library To move an object eacreen, a user wallliterally
walk to it (if out of reach) grab itthen drag it to its desired final destinatieomd releaselhe point
metaphor usestandardointing: users point at asbjectto select ithen point to the final destination
to relocate This solution saves the user frévaving tophysically walk to oubf-reach objects.
Finally, themouseechnique workgustlike the mouse, but on a vertical pabsing a task that
required sorting several shapessmmeen in a particular ordetwas genthatpoint offered the
lowest puzzle comletiontimesof the threethen mouse, then gralhile not directly related to
issues surrounding territoriality, this goes to show the additional challenges for interface designers of
such systemdsihe study was designeahd evaluatetbr singleuser uage, so there was no

consideration for otheiinterferingor assisting

There has been limited work in interaction techniques for Isingeeddisplays i.e., multiple
users in parallelA particularresearclproject by Shoemaket al.[38] looked into the intersection of
interaction technigues on large vertical (wall) displays and studies on territofidldy.novel (5 m x
3 m) wall display erbodiedbody-centric interaction wherethe systenrecognizegas inputgestures
from either arm(with the help otwo Nintendo Wii remoteksto interact with menu optiorsntained
within aprojected wholebodyinterface(Figure2.2). Most notably however they extended the
design to consider territoriality and human cognitive mechanisms that support sensorimotor
operations in different coordinate spaces as deschbipgtl/] (refer to2.1.1). They supportegharing
and collaboratiorin theseterritoriesby enabling a user to grab a personal datumlauddag it to
public space so anyone can interact witloi2) physically pass it to another user via making close
contact with handdJsingtheoryof personakpace, a computing system ds$lee distance between
users to draw conclusions regarding coordination, including whether they are directly collaborating

For example, to transfeensitive or privatdata e.g., a PDF filefrom one user to another, the
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Figure 2.2: A user reaches her right hand towe Figure 2.3: Private data shared by the literal action

her right hip to access a tool. passingittote ot her wuser

met aphor of explicitly fAhanding of Figure23n€heyi nf or mat |
did caution tlat useruserassociation @nnot rely just on proximity alone.o@sideing eye contact,

body leanor smiling can be leveragefdr communicating trusEvaluation of theystem was based

on user feedback and was positive. Users had little trouble learning the system and admired its

intuitiveness and expressiveness. The deployment was in gabliu setting and unfortunately, no

evaluation with multiple groups working camcently was performed although they mentioned

support for it. Furthermore, the application of a map browser was not particularly a collaborative

centric task.

Resear ch exami ni nagpunpedsgay lead mainiy focusedien nising
positionto erhance interactionl] 24, 42]. Both Vogel and Balakrishndd2] and Juet al.[24] focus
on adapting display behaviour based on participani
Balakrishnarbasel interaction ora n i n d iproxindtyuaad ofiemtation to the displagmbient
for more distant passershplicit for peripheral awareness of pasdeyssubtlefor passerdy who
focuson the display, andersonalfor passerdy who approach and interact with the dislég]
(shown inFigure2.4). In Juet al6 B24] whiteboard system, Range, ink clustering is performed in
red time, but the results afomputation are displayed to the user only when she steps back from the
intimate zone to the personal zone during interaction. In this way, the system does not interrupt the
user with recognitionasults during the writing tasklore recentlyGreenberget al.[13]
demonstratg how proxemicgan be used as a mechanism for managing input and information

display for surfacesBallendatet al.[1] introduced the terrmproxemic interactionso describe how an
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awareness of position, movement and
orientation can be used to control

interactions in multdevice environments.

Research like thegmush the

frontierson intelligent user interface

design bymaking systemmo r e A a v4) Personal Interaction
3) Subtle Interaction

. 2) Implicit Interaction
have shown the advantages of using 1) Ambient Display

of their surroundingsWhile researchers

proxemics to enhance interaction, they d Figure 2.4: Four interactive phases, facilitating transitic

not describérow peoplemovearound from implicit to explicit, public to personal, interaction.

existing public displays.g.,their

orientation, positioning, group identificatiomdbehaviour within and between social growpgoal

of thisthesis As they stand, many of the design decisions for these projects were chosen heuristically
for novelty purposes and do not rigorously consult any prior observational studies on how exactly
these zonewould be best defined, if at all. This thesis aimsltdHis gap so future intelligent Uls

can leverage and take advantage of documented territoriality and behaviour.

2.3 Public Kiosks

In comparison to largecreen display research, relatively little research has been done mrkmngi
systems. Maguire2g] established a verbose set of heuristics and design guidelines for building public
information kiosksThe guidelineslescribeuser requirementglacement constrats) interface

design, and privacy issu€Bhe digital Smart Kiosk projec6é] implemented a public kiosk which

used computer vision to track the movement of pagserdn animated face on a portion of the

display would rotate to orient itself towards people in close proximity which gave the system a degree

of awareness. Haget al.[14] investigated smatrt interfaces on kiosks. They experimented with

dynamically placing content on scr etanddstande c hangi

from thescreenFigure2.5).
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Figure 2.5: Dynamically altering théext size and center afteractionon a kiosk

Interestingly,our informal observations of public kioslystensin many environments
illustrated a contradiction between research and design of these systems and use of these systems.
While kiosks were primarily designed around the singler experience, our observations indicated
that groups of users wouldusiter around these singliser displays. However, surveying related work
in public kiosks, we saw no research on the phenomenon of group use clsieigkeosks.

2.4 Discussion

An extensive literature review of tlseibject spacshows that there exists an lgamount of
research in aredhataddressertain subsets @publico, flarged, fishared, andfiverticab displays.
However, thecollectionof all these characteristics is vastly unegplored Considering the
motivationpresentedh thelntroductionas well adsrom related work([32]), these systems can

provide a much more engagiagd productivexperience for people and sleserves coverage.

Motivated by the research presented in this section, this thesis examines behaviour during the
complete engagement of interacting with a publaihared display. This aludes how users move
around a display, how they establish territoriality, and how behaviour changes throughout the
engagementVe lreak the problem into two partsrét, we present an observational field study
focused on how people move around existinglie displays. This is followed by a controlled study
to examine how people managedisplay territoriality and move in the space immediately in front of

the display.
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Chapter 3
Observational Field Study

The goal of thigpreliminary studyis to explore intragroup and integroup behaviours around

displays located in open, public environnseRbrtunately, éplays exist in these environments.

Some are passive repositories of information (for example, the classic shopping mall directory).
Others allow interaction for specific tasks (grocery store clet, movie theatre kiosks, photo

kiosks etc.).The question then becomes how group behaviour around these existing artifacts can
influence the display of information, the allocation of territory, and the design of interactive widgets.
More specificallywe are interested imow peoplenovearoundexisting public displaysheir

orientation, positioning, group identification, and behaviour within and between social groups just
before, during, and justfter usage.

In order tomost appropriatelgesign a controlled experimeior determine if onés required
in the first placewe begin with a preliminary observational studyhow people are currently using
existingpublic kioskand largescreersystemsin addition to its simplicity,tis bringsthreevery
important benefito our researclindings a) participants are unaware of the study, thus their actions
are not influenced with the knowledge thiatyare being recorded, tis presentsta r u ghei i n
wi | dowith & systeyn deployedn i t s A nat yanad) by choasing univeatiyme n t
available kiosks, people will (most likely) have had prior experience using them eliminating any
learning curve or novelty effectd/ith that said, iis equallyimportant to bear in mind the limitations
of such astudy.Firstly, the envisioned syain Figurel.1) doesnot yet exist as common installations,

and so we must settle forabe of similaresemblanceSecondlythere isno control over the tasks
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that are performed on these systeRmgardlessf these limitationstheobservationgrom this study

will still shed some lightnto the notion of territoriality and behiaur on and around publiciosks

3.1 Method

Rather than bid and deploy our own public displag.¢.,[31] and[32]), we study Bhaviour around
existing public devices: public kiosks and information displays. We chose these devices out of
necessity sincealge interactive displays ararely deployed, and when they are it is more often for
novelty, rather than utilithwWe argue thiathe standard kiosks and nomeractive information

displays we study have a high level of usefulness and familiarity which increases ecological validity.
Moreover, the task performed trese two classes of devices corresponds very well to the multiple
interaction phases of future large public display® #2]. Thus, we observed people in three public

device settinggpictured inFigure3.1).

Figure 3.1: The three systems used for our observational study: a) cinema ticket kiottjtdm mall

directory (topright); and c¢) photaleveloping kiosk (bottom).
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3.1.1 Setting 1: Mall Directory

Mall directories are large signs which guide shoppestaes and services. In our setting, the

directory is a~ 1 0 Hacklit static display with the bottom half listing stores and the top half colour
coded floor plans for each level indicating the lomadi of these stores and resources such as

elevators, washrooms, and exits. To facilitate searching the map, a standard cartographic grid system
is used. This kiosk services brief (< 1 min) information retrieval and navigation tasks and its large

size affods parallel, shared usage amongst multiple groups.

3.1.2 Setting 2: Cinema Ticket Kiosks

At most large theatres, patrons may purchase tickets using a kiosk. In the setting we observed, there
are 4 ki osks, diaptapn The aréahin frant of tbedskstiseepacated with rope
barriers, forming four 1 meter wide lines. Interactions with these kiosks are short in durétion (1

minutes) and due to the theatre context, they can be surprisingly social.

3.1.3 Setting 3: Photo-Developing Kiosks

These enable stomers to select, edit, and print photos stored on personal media. In the setting we
observed, there wer e Aisghayand gostioneccimncetliiatelyiadjabentao 1 50 t
one anothernteractions with these kiosks are generally much loimgduration (< 1 hour), but due

to the potential task complexity and social experiencetipieibeople often collaborate.

3.2 Data Collection

Each of thehreesettingswas visitedwice. At each visit, we observed people using the kiosks or
displaysfor a two-hour observation perigdesulting in 12 hours of observations. Written
observations were manually noted, coupled with dnagn figures depicting theequentiamotions,
positions and orientationsef people For reference,rmaexample of each setting included in

Appendix A The following features were coded in all casggproach patterplayout(with changes
tracked over time)functionalroles (with changedracked over time)nteraction techniquesiearby
traffic conditions departure patternandduration of sessiarin addition to those core features, others
were noted on a cagw-case basid-or examplejn some cases, subsets of a group would

intermittently break from and return to their gradyring a sessiann this case, the length dfg
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departure along with its influence on the positionl orientatiorof the remaining group members

wasrecorded

Since we are interested in concurrent usage, we only recorded observations when two or more
people used the display concurrently. We idesdifand tracked groups of people so we could code
intra-group behaviour (movementsithin a group) andnter-groupbehaviour (movements between
groups and the environment). Note that igesup behaviours included individuals as a special
Agr oup oehagroupeobvo av more was also present. In practice, this only occurred with the
mall directory.

3.3 Results

For brevity, we refer to the three settinga¢EMA, PHOTO, andMALL . In total, we observed 26
interactions involving 59 participants (29 female) doMEMA, 9 interactions involving 21 participants
(13 female) forHOTQ and 12 interactions involving 34 participants (19 femalejMfar. . Table3.1
providesa summary of the groups we obsendadierestingly, groups of four were rarely sed¢n
CINEMA and neveat allseemat PHOTOandMALL . This exactbehaviour(or lack thereofwas

previously seen with Peltoneatald s C i t31} idétallationwhich boaste@.5 m of width nearly

three times the width of the largedtthe threeobservedrenues, i.e.,MALL .

CINEMA PHOTO MALL
Individuals 0 0 6
Groups of 2 21 6 8
Groups of 3 3 3 4
Groups of 4 2 0 0

Table 3.1: Observed groups broken down by setting and size.
The three settings provided a good sampling of interaction complexity and duration: typically
less than 1 minute fonALL , between I 5 minutes folICINEMA and between 5 and 55 minutes for
PHOTQ

3.3.1 Intra-Group Behaviours

We segment intrgroup behwdiours inb two stages of usagapproachandinteraction to study

group formations, movement, and gealdrehaviour around the devices.
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3.3.1.1 Approach Stage Behaviours

The approach stage spans the period of time beginning when one or more members move towards the

deviceuntil the group arrives at the device. The primary characteristics in this stage are the group

formations as themovetowards the device and as ttessemblaround the device.

We found three primary types of moving formatiolest, asynchronoudelayedand
simultaneousThe most common approach was where one or two group members would take the
initial step and lad the group to the display with other group members following in different
formations Figure3.2b, ¢, andd). In a simultaneous approach, the group walked to the kiosk as an
ensemble, maintaining a near shoutteshoulder arrangemerftigure3.2a). In these two types of

approaches, the entire group behaves synchronously, arriving at essentially the same time. A variation

of this is the asynchronous delayed approach exclusive mitdw setting. Here one subset of the
group approached the device first and initdatgeraction, and were joined oteel0 minutes lately
the remainder of the grouyhen a delayed subset contairted or morepeople, the approach
arrangement followedbse of simultaneous and led approaches.all moving formations were
observed in all settings. FoALL , groups were more likely to approach simultaneously rather than
led. However, in theINEMA andPHOTOSettings, the led and delayed approach typas were
common. In the case GINEMA, the space between rope barriers made simultaribmeperson

approaches difficult.

The different formations as groups assembled themselves around the device are depicted in
Figure3.3. These formations were often dependent on the moving formation. For example, with a led
approach, if the lead was less than three steps, the leader would take a positiomeakechspace
for the remainder of the group. If the lead was larger, the leader would position themselves as an
individual, and then rarrange the formatiod a formationmorphd when their companions
reached the display. The delayed approach sometim@s$rgigered morphs between assembly
formations. For example, with groups of two, the late arriving member would sometimes be
accommodated by the initiator moving oveigure3.3n) or be f orced to peer

(typically right) shoulderKigure3.3e, k).

Crowded environments more oftezsulted inFigure3.3k. With groups of three, if there were

two latecomers, the group always shuffled to accommodate them, but a single latecontwgr was n

accommodated and forced t oFigue33f, m)olwvteerHOtOkettingi ni t i at
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engaged members wamnet distracted when a latecomer arrived, and latecomers were more likely to

become wanderers.

A4 A A 4
O GO
(a) simultaneous

A

@H

*000
(b) led staggered

(d) led two leaders

Figure 3.2: Moving formations: (a) simultaneous; (k
|l ed staggered; (c) | ed
o OMO6 in black circle
CINEMA, PHOTO, andMALLT espect i vel
mirror version is also valid.

3.3.1.2 Interaction Stage Behaviour
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Figure 3.3: Assembly formations.
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The interaction stage begins when at least one member of theegrgageshe device. This stage

f

encompasses more than group formation, so we also recorded how the group interacted with the

system. FOPHOTOandCINEMA settings, interaction was with the touch screen, but fomthe

or

setting we define interaction more broadly, as a directed gesture towards a display item, even without

making physical contact. We call the primary member who is interactingritrez [29], and the
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other membergbserversin all PHOTOcases, the first member to arrive became the driver, at least
initially. With CINEMA, occasionallythe second or third member to arrive became the driver. In
simultaneous approaches, there was no way to predict who would become thégrdefmition,
observers do not interact directly, but an observer closest to the display would often poindend gu
the driver. We define these observersetsve observergather tharpassive observemsho did not

interfere or contribute. In theALL setting, there were more active observers due to the large display
space and informal style of gesture interactidnch often led to multiple members gesturing
simultaneously blurring the distinction between driver and active observer. However, when a person
approached theALL display to touch it, others became passive. In fact, even when multiple groups
were presentonly one person would touch the display at a time.

Group formations sometimes morphed during interaction, similar to how assembly
formations changed to accommodate latecomers. For example, an asymmetric assembly formation
generally formed because of passobservers. An extreme exampld-igure3.3h, where a member
positioned himself perpendicular to tiiaeLL display, ignoring the display to maintain eye contact
with other members. However, these asymmetric formations often morphed to symmetric ones as
passive observers become mmreeptiveof the display and sometimes fully transitioned to become
an active bserver(depicted inFigure3.4). In PHOTQ, passive observers often became wanderers
when in agroup-of-two formation likeFigure3.3k. In this casgthe formation typically did not morph
as members held their posito(rigure3.3e, k) until the wanderer returned. Wanderers were less
frequently seen with groups tifreeand in theCINEMA setting. No wanderers were noted in thre.L

setting.

Although the driver was th#ominant interacting member, we observed cases where active
observers became drivers, especially infRe@TOandCINEMA settings. In fact, in nearly half of the
groups, the driver role changed one or more times. We call thle eotation We recorded wre
role rotations in theHoTOSetting, so task duration and complexity likely influence whether this
rotation occurs and how often. In most cases, the formation morphed dramatically during a role
rotation, especially for groups tiree For example, twavomenat the CINEMA settingstarted in te
formation shown irFigure3.3e, but after the first driver obtained her ticket, a dramatic morphing
took place to change to the formatiorHigure3.3g. The small interaction spawegth these kiosks is
certainly a contributing factor. Witthe exception of one group of thrdke relative lefto-right

ordering of group members remained the same.
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Figure 3.4: Asymmetric group layoutlypically morpledas initially uninterestegeoplegradually engagethe
display.
In theMALL setting, group members most often interacted by pointing and touching, but also
used verbal communication. To prevent gesture miscommunication, fingers were brought closer to
the display to réuce parallax. Since groups of thganerally stood justbeydn of ar més r each,

meant that members leaned in slightly when gesturing.

3.3.2 Inter-group Behaviours

The observations above focus on behaviours within a group, but other groups and individuals

modified these behaviours and introduced hgterup behaviours.

The density of people around the display affected group behaviour. Higher densities forced
group members closer together, triggering formation morplarnyg,such as-igure3.3c,i to Figure
3.3k), but itdrasticallydecreased the likelihood of a passive observer becoming a wand@eteoTin
andCINEMA, when adjacent kiosks were occupigrhups were naturally forcedgether. Rather than
pairs being forced next to each other, the observer typically moved to a position behind the driver and
peered over their shoulder (typically on the right asigure3.3e). With groups of three, members

more often squeezed the current formation tightly together.

Since thevaALL display was large and shared among multiple groups, it provided the best
source for multigroup formation observations. Most of the mgltoup interations were between
two groupsGroups of any sizencluding individuals, would stagger their positiandront of the
display Figure3.5). This formed a queue of sorts, with the first group to arrive standing closest, and
the last group standing thertiaest awaySimilar to how members in a single group morphed their

formation, multiple groups also morphed their irgeoup positions. The parting of one group
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resulted in other groups all repositioning themselves such that they were redistributedTehenly

adjustments were minor movements: sufficient for a screen of this size.

( )

Distance spread ‘
between
unrelated groups

777777 ~{ GroupB

Figure 3.5. Multi-group positions atiALL : groups staggered their position according to arrival order.

Groups often asserted their collective interaction space with respect to other groups. At
PHOTOaNdCINEMA settings, a group would approach a free kiosk even if members of another group
were infringing on the free keiinisglhggeoupswowddc e. By
naturally reorient themselves and compressing together into a tighter formation. This did not occur as
naturally in themALL setting. Without a clear delineation of designated kiosk workspaces, groups
around the single sharethLL display could not assert their intention to interact at a particular

location. This resulted in the queuing formation discussed above.

3.4 Discussion

This study provided rich insight and analysis into how people interactostimonlyused public

kiosk instalations.Positional layouts and orientationgrfoups andjroup members wemanually

logged during thentirecourse of interaction: from approach, to usage, to depattuvas seen that
certainconclusions can barawnbasedstrictly from obsenationsof inter- and intragroup

positioning ancbrientation Namely, group and role identificatidoecome almost trivial to deduce

with the aid of a&computer vision systensmart interfaces stand to benefit from this feature to tailor
Ulsfi o n t. Feurthermage ddbserving the large mall display revealed a key limitation to

parallelizing use brought on by social etiquette: when a group is already engdging p| ay , it
socially expected thatyduwai t your turno than t arcsWththie ze i
knowledge, alesign where groups are explicitly allocated worksphgdabke systemrmay perhaps

remove this limitationAfter all, when smaikcreen kiosks were directly adjacent to each other,

groups hadpparentlyno problens cramping themselves together. Evidently, a sy&eaitasign can

mani pul ate peopl eds behaviour and establish i
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While these observations provitlealuable insighinto territoriality and behaviours around
existingpublic kiosksthere are certain cavedtsaddressThe envisioned model ohanteractive
publicly-shared largecreen displays only partially basedon these kioskAt the very leastnone of
theobservediosks supportedollaborationto any extenby nature of theirestrictivesingletouch
displays.Furthermore, parallel use by multiple groups was only afforded by-itenactive display.

This motivaes a followup controlled study in order to answer questions on parallel collaboration.
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Chapter 4

Controll ed Experi ment

The observationdleld study inChapter ¥ocused on behavio@roundpublic kiosks and displays.
To fully realize design implications for workspace management, we also need to understand

behaviouronthe display.The goal of this gxeriment is to investigate how concurrent individuals and

groupsuse a | arge interactive display. To extend

interactions in the workspaom the display, paying specific attention to how those actiorsff

peoplebdbs behaviour around the display and how

space around therA. controlled studynot onlyallowsf or mor e easily monitori

the screen, bualsoallows for control over a numbeaf other factors.

This follow-up study permitswo other variables to be controllegroup size and task
complexity. As this studyfocuses on parallel collaboration on a shared display, group size
undoubtedlybecomes atronginfluence on behaviouWe catrol group size so that observations of
noncollaboratingindividuals and those of collaborating pairs can be compared and contidsgsed.
will clearly showthe differences that prop up when collaboration takes pla@eldition, the tasks
given to paticipants can be chosendonulate possibleealworld scenariosThus, it helps here to
exercise some creativity and imagination in devising some possibieodd|software applications
for such large vertical shared displayhis thesis focuses on the running example of building up an
itinerary or other plan when at an amusement patkrnatively, however, one can imagine other
scenarios, such as enablismchmember of a group to join in on the manipulation and selecfion o
photos to print at a photdeveloping kiosk whereby all thathoicescan be unionized and

collectively submitted as a singbeirchaserder.Notice that already these two sample tasks demand
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different degrees of teamworkreating a single shared itimgy, on the one hand, requronstant
communication and synchronizatibetween collaborating group memheds the other hand, the
selection of photos to print can be done completely independamtijnergedonly at checkoutThis
study acknowldges ths versatilityand uses a puzzkolving task in various configurations which

encouragedifferent levels of group dynamics.

4.1 Experimental Design

In this experiment, multiple participants solved a series of real jigsaw puzzles in parallel, as two
individualsor as two pairs. The puzzles were held by magnets onto a large vertical whiteboard. We
chose a physical medium rather than developing a custom application on a digital large display to
avoid potential confounds from interaction design, input quality désmlay resolution. A puzzle task

is easy for participants to understand and helped us to rapidly prototype different study designs. Most
importantly, solving a puzzle requires different kinds of personal,-pabiic and public tasks like

assembly, sortigp, and monitoring an image of the completed puzzle.

4.1.1 Apparatus

Six jigsaw puzzles, two of which being duplicates, were fitted with magnets to enable vertical
assembly on a magnetic whiteboard. Five puzzles had 24 piedeseasured 3828.5cm. The
sixth puzzle had 46 pieces and measured 81 cm. We used this as a larger workspace task
accommodatéour collaborators working together. All puzzles were designed for young children

(ages 3+) and depicted popular cartoon characters.

The whiteboard was dided into 2 horizontal regions. The top displayed a target image: a
photo of the completed puzzle. The lower region providedx38@/ cm of common space to
complete th@uzzles Figure4.1). At the beginning of each session, the upper portion of this common
space held the unsorted puzzle pieces.Thassy out appr oxi mates the fApublic

in the bottomd structure udg4ad in related public di
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Figure 4.1: Two pairs working collaboratively on the large shared jigsaw puzzle task.

4.1.2 Task

Two SINGLE participantsor two PAIRS of participants, solved jigsaw puzzles in 5 layout

configurations ranging from normllaborative to highlycollaborative Figure4.2):

1 sIMPLE: piecesof two different puzzles are placdiectly below correspondingrget
images This formsanon-collaborativebaseline.

1 cRisscrosspiecesof one puzzle arbelowthecorrepondingtarget image of the other.
Depending on integroup preplanning, this requires some negotiation.

1 MIXED: pieces from two puzzles are mixed together. This may require negotiation
collaboration to organize and sort the pieces.

9 DUPLICATE: pieces btwo identical puzzles are mixed together. This requires more
collaboration to organize and sort pieces without hoarding or stealing.

1 SHARED: One large puzzle is completed collaboratively by lsotteLESOr bothPAIRS. This
requires a high level of collabation.

Participants were told that the experiment was not g aackethat there was no incentive for
finishing first.
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Figure42:Puzzl e | ayout configurati onpszzid6A6 through OE

This task was designed to closely emulate a typical computing task that would appear on such
a system. It requires users to progress through a
informationd and pi eci ng constreted pictarg: a goal state. Thisiscr eat e
analogous to planning an intraday itinerary from a potentially lengthy list of events occurring at a
large amusement park or convention center, for example. Moreover, it demands this need for users to
establishtei r personal territories (wor ksgstatetes) dynamic
separate their own assembly from the shared, or communal, information represented by the unclaimed

jigsaw pieces.

4.1.3 Participants

30 adults (16 females) were recruitde-mailf r om t he uni versitoyds graduate
participate in the studylO participants were designhatedsagcLESand 20 were grouped iNfAIRS
such that each pair had two people with agiisting social or professional relationship (7 were

oppasite-sex pairs).
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4.2 Data Collection and Analytical Method

There were 10 experiment sessionsI(BGLES and 5PAIRS). Each session had 5 trialsfor each

layout configuratiorasdefined inFigure4.2 counterbalanced using a random Latin square. Between

trials, participantsvere asked to leave the room so they could not see the puzzles being set up. While
outside the room, they weadsoasked to refrain fromanyinter-group communicatiorAt the

conclusion of each session, participants were asked to fill out a short survey baséd on the
experience. The survey gauged participantsdé | eve

thedisplay on a &oint Likert scale and collected any relevant comments they may have had.
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Figure 4.3: Studyroomd kyoutindicating 1) room dimensions, 2) the three camera positions, 3) entranceway,

and 4) position of whiteboard.

All 10 sessions were audio and video recorded. Vida® captured from three different
angles: overhead, side, and raaiillustrated irfFigure4.3. Videofrom each angle werg/nchronized
and composited together to create a slieenview (Figure4.1). Eachsession lasted 34 minutea
average$D = 13,RANGE = 271 71), creating close to 6 hours of video for analysis. Qualitative
analysis used an open coding approach based on S

Methodology[39] (Figure4.4).
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Figure 4.4: Axial coding:concepts (pink) and codes (yellaw)

4.3 Results

We present our observations in three sections. Behaotothie display focusing on workspace
territory, behaviouaroundthe display focusing on formations of participants when interacting, and
behaviour which bridgesn andarounddisplay territories.

4.3.1 On-display Behaviour

On-display behaviour is primarily coneexd with individual and group workspaces, defined as the

display space used for thegjority of the taskAnalogous to Sco#taldé s f i ndi ng[87],f or t abl e
participants partitioned theworkspace into three territories: personal, storagepabtic (Figure

4.5). As participants completed the task, theiritories grew and shrank, but we noted distinct

patterns.

For the most pareAIrRs collaborated in solving the challenge. Only in cuPLICATE layout
trial with thePAIRS condition, one pair opted to complete two halves of a puzzle independently then
merged at the end.
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Figure 4.5: Three workspace territories: personal, storage, and public space. Note intersection ogtmage

is shared with adjacent individual and space below waist is unused.

4.3.1.1 Personal Territory

The region dedicated to actual puzzle assefnbbpmes personalterritory. Si nce the puzzl

grows as it is pieced togethare definethis regionasthebounding box around the area of

constructionSince puzzle assembly occurred at-égnel, this space was the portion of the display

closest to the fac@ very personalarfa and spanned within armbs | engt

057 1.2mwhichmat hes Hal |l 6s def i [Lb.tWe observed nmtpusiansnton a | spac
this areaby the other partin bothSINGLESandPAIRS trials.

4.3.1.2 Storage Territory

Immediately outside the personal territory marks the statooégeterritory. We frequently
observedsINGLESandPAIRS relocate pieces to a tempordmyldingarea near their personal territory.

These were often pieces which were likely to be used next, but we also observed participants test the
compatibility of a small subset pfeces in this space rather than their personal teriitaging it as a

kind of sandbox. The boundary of storage and sandbox territory is less defined than personal territory.

In our puzzle task it extended the width of two pieces.

Unlike personal tertory, storageand sandbox territory would sometimes overlsgoning
shared storageThis was usetb transferor exchange piecesequently: an average @6.8 timeser
sessior(sb = 11.8)for SINGLESand16.8 times $D = 10.8)for PAIRS. Like personaterritory,

intrusion ino unsharedtoragderritory wasvery infrequent: an average of Qivhes (Sb= 0.9) per
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SINGLESsession and only once irPAIRS sessiongach Thereappears to be axpectation thathe
sharedstoragewhich forms between twoearbyworkspaceganbe almost exclusivelyusedfor

transfering ownership of information.

4.3.1.3 Public Territory

All space beyond the storage territory was considpuddic territory, a communal territory. We
observed participants freely interact in this space without verbal evertial negotiation which
suggests that this space is implicitly assumed to be available for anyone. Most obviEDin
SHARED, andDUPLICATE configuratons, multiple participants handled the same piece, as long as it
was returned to the public territory. If a piece was taken and later reptageddemed unnecessary,
not enough storage space) that piece was assumed to be available to everyonemgain. V
infrequently, public territory served as anlaat storage space to test the compatibility of pieces in a

vacant areahreesINGLE individuals and on@AIR used this strategy once.

4.3.2 Off-display Behaviour

As participants interacted in these territoesthe vertical wall, they organized themselves into a
variety of formations. We describe the result$oofr aspects of these formations: ihéial
formationsthat participants chose when beginning interactionséiéed formationsvhich they
worked n for the majority of their timaheinitial interactionwhich marked the start of interaction,

and thebuffer zoneshey maintained between each other.

4.3.2.1 Initial Formations

At the beginning of each session, all but two participantsadiately approachette display and
took a positiorto begn interacting. As soon as the final participant stoppieel formation of all
participants was documented admtial formation(Figure4.6). TheSINGLEScondition could only
take one formation as both participants reached the displagatrghad more initial layout

variations Figure4.6a).

4.3.2.2 Settled Formations

We define asettledformationas the formation held longest or most frequent while interacting. While
SINGLEShad the same initial and settled formatiagrsRrs quickly andfluidly morphed from an
initial formationinto an often completely different formatioRigure4.7). Within a pair, the two
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individuals typically held their relative lefo-right positions, bt rarely demonstrated a rotatiars§

like we saw with groups of twim the field study, namely fartHOTOandCINEMA.

4.3.2.3 Initiating Interaction

Participants did not always immediately begin interaction after having approached the display and
established amitial formation ¢efer to4.3.2.]). Seemingly more cautious individuals first surveyed

all the pieces in an attempt to first decipher the challenge they were presented with. This
characteristic was coded: if a participant delayed more than three seconds at the display before his/her
first interaction, that approach was marked as being cautious, otherwise, not. Of the 50 instances in
thesINGLEStrack (5 sessions x 5 rounds x 2 participants), 18 cautious approaches were observed.
The remaining 32 began interaction immediately. This behaway resemble what would happen

with inexperienced users presented with a new and unfamiliar inteviétteteammembers arriving

at the display asynchronouslymaiRs, interaction often begaweforethe initial layout Figure4.6)

was achieved. In other words, participants sometimes would begin interaction immediately even if
their partner had not yet arrived. A cautious team approach was codextisdtonds of no

interaction had elapsed from the time fingt team member arrived. Of the 50 instances irPARS

track, 16 cautious team approaches were identified. The remaining 34 began interaction immediately.

The longest delay exhibited by argatn was six second® the nearest second)

4.3.2.4 Buffer Zones

In contrast to tabletops, users of vertical displays have more freedom to move around. As participants
collaborated on the display, their workspaces evidently grew and shrank over the duragoiasi.th

In earlier stages, for instance, storage spaces were much larger and gradually shrank and became
more defined as the puzzle was being completed. The distagiweeen groups of SINGLES and

PAIRS were coded in an attempt to uncover the social ndfrasy, pertaining to maintaining

personal space territories while engaging a device.
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Figure 4.6: Initial formations and buffer size: Figure 4.7: Settled formations and buffer sizes for
for all 50 trials. A buffer size of 0 cm indicate 25PAIR trials. The initial formation leading to settle

physical shouldecontact. layout is included (refers teigure4.6).

We quantify intergroup formations by measuring the smallest lateral distance between the
feet of mrticipants in differentgroupgsh en parti ci pants ar e wFiduhi n
4.8). We call this théouffer. Visual markers in the scene enabled us to measubaiffes with 10cm
of precision. We logged a new buffer size whenever a participant moved to a new locadioedst
three seconds to filter onaturalbrief movementslt was determined th&iNGLESmaintained an
average buffer zone of 61ctn (sD = 33.4cm) and displaced themselves an average of 5.36 smes (

= 5.87) per trialPAIRS maintained an averagefier zone of 28.3cmgp = 22.8cm) and displaced
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