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ABSTRACT

Co-locatedtechnologiesan provide digital functionality to support collaborative work for multiple
users in the same physical spdeéer. example, digital tabletop computérslarge interactive tables
that allowusers to directly interact with themtentd can provide the most tp-date map
information while users can work together faodace.Combinations of interactive devices, large
and small, can also be used together in a rdelice environmenb support collaborative worsf
large groupsThis environment allowimdividuals to utilize different networkedevicesIn some ce
located group work, integrating automation into the availalslent@ ogies can provide benefitsch

as automaticallgwitching between different data vieasupdatirg map information based on
underlyingchangesn deployed field agends | o c Howeaver, mygamic changestime system
statecancreate confusion for users and lead to ldwegion awareness. Furthermore, with the large
size ofa tabletop systemr with multiple devicesbeing usedn the workspace, users may not be able
t o obser ve c oldde#olphysical separatisivetveeentuseransequently, workspace
awarenesd knowledge of collaboratodsip-to-theemoment action§ can be difficultto maintain.

As a result, users may be frustrated, and the collaboration may become inefficient or ineffective.

The current tabletop applicatismvolving dynamic data focus interaction and information
sharng techniques for collaboratisather than viding situation awareness suppdftoreoverthe
situation awareness literature focupdamarily on singleuser applicationsvhereas, théterature in
workspace awarenepsmarily focuseon remote collaborative worlhe aimof thisdissertation
was insupportingsituaton awareness of systeautomated dynamic changes and workspace
awareness of c oThd fieststody Eirhebne Stddy)paesentédonrihgs dissertation
usedtabletop systems to investigate supporting situation awarehastmated changesd
workspace awarenesand the second stud@allout Bubble Studyfollowed up tofurtherinvestigaé

workspace awareness support in the contertudfi-deviceclassrooms

Digital tabletop computersre increasingly being used fomaplex domains involving dynamic
datg such as coastal surveillanaad emergency respa@d/aintaining situation awareness of these
changes driven by the system is crucial for quick and appropriate response when problems arise
However, distractors in trenvironment can make users miss the changesegativey impact their
situation awareness, e.the large size of the table and conversations with team memsers.

interactive eventimelines hae been shown timproveresponse time and decision accuracy after
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interruptionsjn this dissertatiorthey wereadapted to the context of collaborative tabletop
applicationdo address the lack of situation awareness due to dynamic chAngges study was
conducted to undersid design factors related the adaption and their impacts on situation

awareness and workspace awareness.

The Callout Bubble Studinvestigatedvorkspace awareness supportriarlti-device classroos)
where studentereco-located with their personal dees andvereconnected through a large
shared virtual canva3his contexivas chosen due toh e e n v iabilibyriors@ppott woskn
large groupsindtheincreasingorevalencef individual devices in céocated collaborative
workspace By studyinganother cdocated context, this research also sought to combine the lessons
learned and provide a set of more generalized design recommendationfofmated technologies.
Existing work orworkspace awarenefisuses on remote collaboration; howevie, telocated
users may not need all the information beneficial for remote Widnik. studyaimed tobalance
awarenesanddistractiont o I mprove studentsd workspace awarene:
distracton to their learningA Callout Bubblewasd e si gned t o augmesrntthest udent s¢
shared online workspacand dield study was conductddo under st and how it i mpac

collaboration behaviour

Overall, e research presented in tHissertatioraimed to investigateformation visualizations
for supporting situation awareness and workspace awarenes®rated collaborative
environmentsThe contributions included tlesign ofaninteractive event timelinend an
investigation of how theontrol placemen(how many timelines and whereheyshould be located)
andfeedback locatioffwhether to display feedback to the group or to individuals when users interact
with timelines)factors affected situation awareness. The empirical results revealed that individual
timelines were more effective in facilitating situation awareness maintenance and the timelines were
used mainly for perceiving new changes. Furthermbredissertatiorcontributed in the design of a
workspace awareness cue, Callout Bubble. The field stwewlex! that Callout Bubbles were
effective i n i mpr ovi ngmonsitoringlbelavioar§ whicbimrnrdduaedat i on and
t e ac her ssdThensserkatioo pravidealerall design lessons learned for supporting

awareness in elocated collabrative environments.
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Chapter 1

| nadducti on

In our daily liveswe collaboratevhile co-locatedin manydifferentcontextssuch asvorking on a

largedesign projectgonductinga desigreritique, responding to an emergency, preparing a
Thanksgivingdinner,or playinga cooperativdboardgame Evenwhenpeople are ctocated, they

have to keep track oftrec 0l | abor at or sdé actions and changes i
of awarenest support communication and coordination during group activitieegineAlice and

Bob are cokinga Chinese New Year dinnémgether. Wile Bobis preparingan appetizeteis also
monitoringAliced s p r o g rdemplsgsshenis makireand theroasted pign the oven

Maintaining awareness in this context can be difficult due to severardastich amited

attentioral resourcs, occlusionin the kitchen, and distractidrom children As technologieare

being introduced to ctocated collaborative environments, they are also competing for attention and
creating distractio. For example, a tablet showing recipes and an oven beegnuyaw Alice and

Bobds attent i onCaefuleogsiddratiaonsme neduetb stippootavareness

maintenancevhile minimizing distractioafor co-located technologie3 he research psented inhis
dissetationinvestigatedhe desigrofi nt er acti on techniques and inter
awareness of dynamic c han doeated @labbratvenvirbnméntsr at or s 6

Thefollowing sectiondirst provide backgrundonthe specifictypes of awarenessformationand
collaboration technologigsvestigatedn thisresearchTo contextualizéhis researchthe scope and
related research topiese discussed he rext sectionthenpresentsheresearctproblemandgoals
An overview oftheresearch methodologyg presented next to provide information on hboe
awareness suppontas designed and evaluated. Hextsection concludethis chaptewwith the

contributions of this dissertatiand providesin overviewof the rest of tis dissertation



1.1Background

Observations of ctocated workspacesnducted in this dissertatioavealed that users experienced

frustration and confusion due to lack of awarendste collaborating in the same physical space

Although userareco-located, their awareness of collaborators and environdwamit come for

fifreed. As Heath and Luf{1991a)and Schmidt(2002)have notedcollaborators need to maintain

awareness of each othtarough active observation. Simply beimgsent in the environmeigtnot

sufficientsi nce people need to pay attentionTh¢ o col |l abo
designofcol ocated technologies should carefully consid
collaborators and the environment to avoid distracting the usersfiSgiéy, this dissertation

presents an investigation wfo types of awarenessorkspace awarenessdsituation awareness

Workspace awarenesse f er s t o t he und eaursentinterattiomimptheof col | abor
environmen{Gutwin & Greenberg, 2002Peoplecan gain awareness of collaborators by observing
each other and the shared artefacts H#ocated workspacg®inelle et al., 2003 onsider, ér
example, a group gfolice officerswho arestandng around a table with a map in front of them
discusing how to direct emergency response teams. While engaging in conversatiomsriiveke
eyecontaca nd observe subt | dacia déxgresspn and post(ekoda ethl., ot her 6 s
1976) Moreover, they can be aware of eachnotheroés &
the shared workspadPinelle et al., 2003)/Vhen they notice that one person is writing on a logbook,
they can assume that the logbook is being updated and the person is buliswagk. The person
who i s updating the | ogbook can overhear coll eagu
map, andcan inferthat new information is being added to the map. These cues are essential to the
success of the collaboratiand helpgpeople coordinate their worklowever, when these cues are
stripped away or hard to obtafor instance, due to other distractsmr barriers in the environment,
users can become frustrated wvilie group worKGutwin & Greenberg, 2000PDne of the goals of
this research i® balance workspace awarenegspsut and potential distractieof the system for

co-located environments.

Py

Situation awarenessef er s t o a persondés per mefphei on, compr eh
environmeniEndsley, 1995)The concephas been studied-thepth in the field of aviatio(Endsley,
1993; Jones & Endsley, 199@s a pilot obsenga cockpit display they gain knowledge of changes.

They have to then piece together the meaning of multiple changes and understand their significance to



»
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Figure 1-1: A group of people playing a collaborative game oa digital tabletop. Digital

tabletops supplement the familiar faceto-face collaboration with digital capabilities.
the overall flight status. Finally, they needidoecastfuture states of the flight to allow for
adjustments if potentigdroblems are detecteHowever as a system is redesigned to incorporate
automation, it may presenserswith unfamiliar forms of feedback (e.g., sensing aircraft speed
through vibration of the control stickay be replaced wita digital display or sinply present no
feedbackof certain changes to the useris leaves thaserwith lower situation awareness by
excluding them from receiving appropriate feedb@drman, 199Q0)Consequentlyusersmaybe
slowerto respond omakesuboptimal decisiondaber & Endsley, 1997Digital devicescan
provide dynamic informatiosuch as charigg data views baskon the current tasks or updating
information based on senstata. As cdocated technologies leverage their digital capabilities,
situation awareness should be an imgairrequirement for the design.

Two types of cdocated environments were selectedhesstudy context$or this researchdigital
tabletop computers and mutievice @vironmentsCo-located collaborative work can be enhanced
via adigital tabletop compute large, horizontal interactive display that enables input directly on its
surface ¢eeFigurel-1). This technology combines the advantages of traditional tables and of digital

media. It has the potential to preserve the rich interactions and awareness cue®aagedo



environmensi nce it does n o tvievwdf eachlther dnetheshaled vorispacat or s 6
At the same time, it provides functionality enabled by digital computation. For example, people can

bring digital documents with them to the table and then distribute modified documents electronically

to their ollaborators after a tabletop sessidserscan also gain access to-iggdate documents at

any time. Furthermore, digital tabletops provide an opportunity to automate some complex tasks
duringco-locatedcollaborative activitied-or example, in themergency response scenatiscussed

above the systencould aggregate updates from the field and present an overview of the situation to

the commanders for strategizifthe first studyChapter 3andChapter 4 examinedan interactive

timeline visualization to supposituation awareness and workspace awareness in thestcoite

tabletop systemgd.he results showed that further investigation of workspace awareness was needed.

Thesecond stud{Chapter % explored workspace awarenegpgortin the context of multi-
device environmemhere multiple networked computational devisash agablets, laptopsand
digital whiteboardsvereused in conjunction (seé€igurel1-2). This studyfocused on a collaborative
context wheranultiple useraitilized different, individual devices itlhe same room andiereworking
together to achieva sharedjoal. The various degiceswereconnected throughwaeb-basedvirtual

sharedworkspace.

Figure 1-2: A group of students is working on a math problem together using their tablets.
Additional devices, such as whiteboards, cape added to provide an overview of the work
progress. Multi-device environments can leverage the benefits of different interactive
displays to allow for collaborative work of large groups and for people to work in parallel.



The multidevice environment was chosenstudy workspace awarendss severakeasonskirst,
multi-device environments allofer subgroup work happening in paraliethelarger groud s wo r k
Digital tabletops support small group work, but scalingqapsrt large group work is difficult due to
the limited physical space around tabletops. Conducting subgroup and individual work can be
challenging and distracting due to the limited screahestate and physical spadéws, mult
device environments pvide the benefits of supporting large groups and parallel irarthermore,
by studyingtabletop systems and muttevice environmentshis research sought to provide a set of
generaldesign recommendation feupporting awareness in-tmcated environmnts.Finally, multi-
device environments shasamilar challenges in workspace awarergesficiencyas tabletop systems
do. Aperson may have difficulties seeing who changed which part of the work due to physical
distance betweeunsersor occlusion of thelevice scregg)by c ol | a b o Mhastteohnadody b o di e s
setting also has its own unigue challenges. For exaaplbe size of the group grows, titgysical
or virtualworkspace may become chaotic as too many changes may be happening at the same time,
and keeping track of themdifficult without awareness information being providedeach
individuaLAt t he same ti me, providing too much inforn
overwhelm themThus, multidevice environmestwereselectedo further investigad workspace
awareness suppand to allow for generating more general insightawareness support ao-

located environment

The research presented instdissertatiofnvestigate visualization and interaction techniques to
support situation awareness and workspace awargastenancén two celocated collaborative
environments, namelgigital tabletop and muHilevice environmentd hisresearctwas builton
prior work in varias fields.The next section presents relevant research argasttasresearch in

context.

1.2Scope

The research presented in tHissertatioraimedto investigate awareness support fol@cated
technologies by incorporating information visualizatpmimciples This researckvas built upon three
main research arednformation visualizationcomputersupported cooperative wo(lCSCW) and
human factors. They all intersect with the field of humnamputerinteraction(HCI). SeeFigure1-3

for an il lustratscopen of this dissertationods
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Figure 1-3: Scope of this dissertationThis dissertation contributed to the design of
awareness support for cdocated technologies by incorporating information visualization,
workspace awareness, and situation awareness research. This research was situated in fot
research areas: humarcomputer interaction, computer graphics, human factors, and
computer-supported cooperative work.

The field ofHCI focuseson the design and evaluation of computer machinery for human users
(ACM, 1992) Intersecting wittHCI, the field of CSCWexamines the design of conipr systems to
enhancéhuman collaborative activitieacludingboth remote and elmcated contextsThe
workspace awareness literature has traditionally focused on remote collaborative ¢Gutets &
Greenberg, 2000; Tuddenham & Robinson, 200jere there has been some researohorkspace
awareness support foo-located contexts on tabletop systefisenberget al., 2012; Morris et al.,
2010) there still lacks an understanding of techniques for balancingspacke awareness and
distractiorsin co-located contextdn this researchheworkspace awarenekterature fromboth co
located andemote collabmtionwasappliedto guidethe desigrof awareness support fabletop

systensand multidevice environmest



Moreover thisresearch aimetb supportsituation awarenesd dynamic changes driven by
computer systems in the-tmcated collaborative conteX3tuation awareness has been widely
studiedwithin the field of human factors, whicht udi es humans 6 aobthel i ti es
design of equipment, systems, jobs, and environments to ensure the safety and performance of the
work (Chapanis, 1991However theliteratureon situation awarenessainly focusesonthe
knowledge of the environment ofsangle usewithin a complex system of devices, human entities,
and organizationd he sitiation awareness literatuneas applied talesignng awareness support of

dynamic changes for multiser celocated applications

To provide awareness informatidhis researclalsomadeuse of information visualization
principles. Information visualizatiorefers tofthe] use of computesupported, interactive, visual
representations of abstract data to amplify cogrit{@ard et al., 1999, p. 7Information
visualizationoriginated from traditional data visualizateon physical mediawith the advances in
computer graphics, visualizations can nowbesengéd digitallyf or t he pur pose of
cognitive abilitesin understanding abstract datdne research presented in this dissertation
investigatedhe degn of awareness displays to provigedbackof dynamic changes and
c ol | a bartiormsit otosatiedcollaborative environmentsy employing information

visualization principles

1.3ResearchProblems and Goals

Overall,thisresearch waconcerned with the lack of situation awareness and workspace awareness
support in ceocated collaborative environmenihis section describeéke research problems and

goals as summarized iRigurel1-4.

1.3.1Problem 1: Lack of Stuation Awareness inCollaborative Tabletop Applications

There is growing interesh using digital tabletops to support-taated group activities that involve
complex, often dynamically chgimg dataTabletop interfaces have been proposed for crisis and
disaster managemefiddweling et al., 213; Paelke et al., 201 2jilitary simulation(Bortolaso et al.,
2013) and military and commercial maritime operatifemova et al., 2013; Scott et al., 20110)

these case situation awareness is crucial to the success of the mission.

an



Co-located
Scope collaborative
environments

Workspace Situation Information
awareness awareness visualization

Situation awareness and workspace

Overall awareness maintenance can be difficultin co-
research located collaborative workspaces.
problem
Specific How can a persistent awareness How can a workspace awareness cue
research display be appliedto collaborative for multi-device classrooms be
questions | tabletop systems to support situation balanced to provide awareness while
awareness and workspace awareness? minimizing distractions?
Design and evaluate awareness displaysto
Goal understand their effectiveness for improving situation
oa

awareness and workspace awareness, and provide
overall design recommendationsfor co-located
collaborative environments.

Figure 1-4: An overview of the research problems and goal3.he overall research was
concerned with the application of information visualization principles to provide situation
and workspace awareness support. The research question was broken down into two
problems: how to adapt interactive event timelines to caborative tabletop systems and
how to balance workspace awareness and distractions for multievice classrooms. This
research sought to design and evaluate awareness displays foflacated collaborative
systems and provide design recommendations for suslistems.

Computer automation may lead to lower situation awarg(ifegser & Endsley, 1997)hus,
enabling users to maintaimgh levek of situation awareness is important as tabletop systems begin to
leverage automation to manage complex data forwedt application domain®ue to a variety of
potential distractors, tabletop applications caragsume that users will attend to and notice alll
system chages. For example, conversiwith collaborators at or near the tabletop, or attending to
other devices being used in conjunction with the tabletop (e.g., a smart phone or tablet) can distract
use's. Moreover, a user may be called away from the tabletop temporarily. Consequently, a change
occurring on the tabletop (automated, or made by another user) can be easilyHaussaer,

existing tabletopapplicationghat incorporate dynamaataprovidelittle to no provsions for
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situation awarenesgaintenance and focus sapportingcollaboration ofthe current, reaime view

of the system stat@ortolaso et al.2013; Conversy et al., 201Bxisting literature on situation
awareness focuses on singkeer applicationglohn et al., 2005; Sasangohar et al., 2014; Scott et al.,
2006) The research presented in this dissertadmughtto address the lack of situation awareness

problemdue to automation in the context of collaborative tabletop systems.

Thisresearclaimed to @sign, developand evaluate persistent information display in the form of
an interactive event timelirfer the purpose of supporting situation awareness mainteriEmee.
research alssought to explore various design alternativesriiderstand their effectiveness in

improving situation awareness fasllaborative tasks that imwe computer automated actions.

1.3.2Problem 2: BalanceWorkspace Awarenessand Distractionsin M ulti-Device

Environments

Thefirst studyrevealed that maintaining workspace awarenesslarge tabletop systecan be

difficult due to several factorand further iteration was needed to improve the original deSayn

both thetabletoptechnologyand multidevice environmentontexs, obseving user actions in their
personaworkspacecan be difficultdue to the physical separations between ubetabletop

systems,sser s al so do not constantly pay ((Seott&enti on t
Carpendale, 2010 multi-device environmest users may be sitting in various arrangements, not
limited to facetof ace, and the devices can be ocToldsuded by
users mayotbe able to perceivecallb or at or s 6 i dacte Theoartreisultim wi t h ar t e
confusion when changes suddeappeaion the tabletop or on individual deviogghout first

knowing who made the chang#¥ithout this awareness inforitian, users need to spend extra effort

to consciouslyesolve the confusiormhis problem leads to more effort spen the coordination

rather than the task.

Priorwork on multidevice environmestfor co-located collaboration have viewed the individual
devices as us e(b@vélingeral., 2043; Ecottceteak, ROddhdthere has been little
work on supporting workspace awarBisesseh of indiv
soughtto support workspace awareness while minimizing distragfarnndividuals in multidevice

environments

This researclaimed to @sign, developand evaluata workspace awareness cue in the form of a
transient identity tag called@allout Bubble, to provide information for collaborators to maintain
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awareness of eBasell onbeoverallrfiddmgs & the tivatygssof collaborative
workspaces, thisesearch sought provide design recommendations for supporting sibumat

awareness of automated actions and workspace awareness of collaborattwsatedovorkspaces

1.4 Method

This researchook aniterative degn approach, where the designplementevaluate cyclevas used
to create and refine the prototygdlelsen, 1993)In the design phasdgesignrecommendations
were drawrfrom the existing literature arfdom theinitial observation®f system usagén the
implementation phase, the design was prototypeg@iopriate fidelitjevelssuch aslirawn on
paper, mockedip on PowerPoihbr Illustratof, or fully programmed For evaluations, a variety of
techniques were used, ranging from informal to formal evaluatiodgarying degrees of precision
and realism{McGrath, 1984)The techniques were selected based on the goals of the evaluations
(e.g., a quick interview with early prototypes, a formal laboratory experiment for testing design
alternatives, and a fieldusly for realistic behavioursh mixed-methods methodologi{Creswell &
Plano Clark, 2007)vas usedy collecting and analyzing both quantitative and qualitative. daia
approach allowedbr validatingthe improvements of théesign and gaing insights intothe how and
why of the observed behaviauhe results of the evaluatieverethen fed into the design phase
again to improve itThe rest of this section overviswhemethods used ithe two studiepresented
in this dissertation

1.4.10verview of the Timeline Study

Forthefirst study ondigital tabletopsystemsa popular collaborative tabletop board game,

Pandemit(Figure1-5), was usedsthe study context toapidly prototype design concepts, and to
enablelakhased studies with a complex task for which
Pandemic board ganrequire a group of three to four players to collaboratively engage in intense

strategy discussions, resource management, and advance planning to prevent the world from epidemic

outbreaks. Moreover, Wallace et @012)found that their digital version of the Pandemic game

! https://office.live.com/start/PowerPoint.aspx
2 http://www.adobe.com/ca/products/illustrator.html
3 The Pandemic game was published ByiZn Games, used with permission.
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elicited the oubf-theloop automation mblem due to the amount and complexity of changes and the

fact that players were not constantly paying full attention to the system.

4 ¢ ool ‘

Figure 1-5: The Pandemic physical board gamet was used aghe study contextfor the
digital tabletop environment.

Figure 1-6: The interface of the digital Pandemic tabletop gamelt was used to study
situation awareness and workspace awareness support.

In thedigital tabletopconversion of th&andemigameimplemented in thisesearch{Figurel-6),

the system automatelde game mechanitgpically carried out by the playerBiteractive event logs
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Figure 1-7: Students using SMART amg"™. SMART amp™ was a web application that
connected individual devices to an online shared canvas. The photos show students using
SMART amp™ on Left) laptops and Right) tablets. Photo credit: SMART Technologies. See
Appendix C.1 for the permission statement to use these photos.

and timelines have been previously shown to reduce response time and improve decision accuracy for
singleuser applications involving automated system cha@iygs et al., 2005; Sasangohar et al.,
2014) Thus similar interactiveimelines were adaptdd thetabletopsystem investigated in this
dissertationThese timelinsallowed users to inteactively investigate the historical systg@me
events and previous collaborator actions at any fithe.studyinvestigated twalesign factors

control placementhow many timelinesvere provided to group of users and whetieese were
placed andfeedba&k location(where to display feedbackpon interacting witlatimeline). This

study soughto understand how these two design factors impact collaborative work and situation
awareness of dynamic changes in collaborative tabletop applicatiadhe.resof this dissertation,

this study is referred to as tfiemeline Study

Thereweretwo phases in the Timelirg@udy. Phase 1 involved a controlled experimental design
that tested the two design factors by asking particigariay three short partial games in which
they used three different timeline alternativies.r t i ¢ i p a mwasedesssandiganang i o n
experiencavere measuredndRepeated easures Analysis of VariandeNI-ANOVA) tests were
conducted to analyze tlsdguation awareness performanttePhase 2, participants completed a full
Pandemigame from start to finish using a configurable version of the timeline that allowed them to
utilize any combination of theontrol placemenandfeedback locatioat any tme.Phase 2 provided
more realistic data, arah in-depthvideo analysisvas conductetb understangg ar t i ci pant s 6
the timelines for situation awareness mainteaaara how the different locations of the interaction

feedback affeeidu s e r s dacevawarekesp
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1.4.20verview of the Callout Bubble Study

The second study anulti-device environmentgseda commercial web application called SMART
ampg™*, createdoy SMART TechnologiegseeFigure1-7). It was a collaborative learning
environment designed for bringpur-ownrdevice(BYOD) classooms, targeting students agedtsix
seventeenEachstudent had a laptop or tablet, and SMART &hgonnected them to amline
shared canvas. The canvas allowed students taratichanipulatéext, drawingsshapesand
pictures in a fredorm mannerand sudentscouldfreely zoom and paunsinggestureslt was

primarily used for cdocated students i singleclassroonsetting

Teachers and studentsing early versions of tfeBMART amg" systenreportechigh levels of
frustration and confusion while students were working in the virtual cambase was a problem in
s t u dlack ofwobkspace awareness of other stud@ntsa c. Toiaddress this problemn
iterative desigrapproach was takefhe processncluded consultations with teachers, a test with
selected studentand a field studyn four classesThe desigremerging from this process was the
Callout Bubblewhich consistedftwopartsa ci rcl e containing a student
initial, and a directional triangle poing toward the object being manipulat&iirvey datavas
collectedfrom students and teachers in the final classroom evaluétioorrelation analysis
conductedn the Likertscalesurveyquestions and coding of the fremm answersevealed the
effectiveness of th€allout Bubbledesign in supporting workspace awarenkleseafter, thistudy
is referred to as th@allout BubbleStudy

1.5Contributions

The investigationsonductedn thisdissertatiorcontributel to the design of awareness displays for

co-located collaborative activities in the following ways:

1 An awareness display, in the form of interactive event timelinesgesgned, developed,
and evaluatetb support situation awarenesisautomated computer actioimsco-located

collaborativetabletop systems

4 https://www.smartamp.com/about
5 http://home.smarttech.com/
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1 TheTimeline Study provided empirical data which sheslthatprovidingindividual,
replicatedtimelinesresulted in hjher levels of situation awareness, gmattimelines were
primarily usedo supporiperception level ofhesituation awarenessaintenance process

1 An awareness cue, in the form of Callout Bubbles, dessgned, developed, and evaluated
provideworkspaceawareness f c ol | ab or a t-locatediultiedevice ons i n a co
classroonsetting

1 TheCallout Bubble idy provided empirical data which sheethat the Callout Bubbke
balanced workspace awaems information andistractions, anthey enableadoordinating
space usage and setbnitoiing behavioureamong students, whicghtunr e duced t eacher s
workloads

1 A set of design recommendatidias providingsituationawarenesand workspace awareness
in colocatedcollaborative environments based osulés from the Timeline Study and the
Callout Bubble Study

Overall, this research sought to provide empirical data and design recommendations on supporting
situation awareness and workspace awareness to allow for more efficient and effective collaborative
work in the context of ctocated technologies. Situation awareness is essential to decision making in
complex environmenté&ndsley, 1995)and workspace awareness is beneficial for coordination and
faster task completiofGutwin & Greenberg, 2000; Sarma et al., 2008)e lack of situation
awarmess and workspace awareness can |l ead to user s¢
(Endsley & Kiris, 1995; Gutwin & Greenberg, 2008) providing awareness support inlocated
collaborative systems, users can focus on the primary tasks rather than trying to maintain awareness,
which is their secondary task. This research identified situation awareness and workspaces challenges
in colocated collaborative environmentsdarareful attention in supporting them is needed to ensure
an efficient and effective workflow. As tabletop systems are being introduced to complex domains
and individual devices are becoming ubiquitous idaoated meetings and classrooms, this research

provided a timely and impactful contribution to the design elfiocated collaborative technologies.

1.6 Dissertation Overview

Figure 1-8 depicts the progression of thissearch and the structure of this dissertatdnch is
organized as followsChapter Zorovidesthe relevant background and work in the areas of situation

awaeness and workspace awareness. It also preffemt®-located systems studied in the contafxt
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other celocated technologies, and discusses related awareness literature folottet e systems
investigated in this dissertatioBhapter 3and Chapter 4 present the Timeline Study. Chapter 3 first
preserng an overview of the study method usaaithedesign of the Pandemic digital board game

Next, thedesign of thenteractive event timelineandthe user studylesign are presente@hapter 4
presersthe findings of theTimeline Study and discusssthe designimplicatiors for situation
awarenesdisplays forcollaborative tabletop systems. The results showed how the timelines impacted
user sod si t uaadworkspaceaweaenessnand asso showed that the workspace awareness
techniques used needed further improvements.\Winisspace awaressneed inspired th€allout

Bubble Sudy presented in Chapter &hapter First presensthe design requirements of a workspace
awareness cue for docated multidevice classroomdlext, this chaptepresersthe iterations and
evaluations conducted refine the Callout Bubble cue, ariddiscusssthe findings fronthe field
studyconductecandtheimplications on designg a practical workspace awareness. cigapter 6
discussehe overall design lessons ccelocated collaborative systemearnedthrough the Timeline
Study and the Callout Bubble Stud@ihapter conclude thisdissertatiorwith asummary othe

contributions limitations,and futureresearch directions.
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Literature Review

Chapter 2
Related Work

b

/ Design and Evaluation of Awareness Displays \

/ Tabletop Systems \ ﬂ/lulti-Device Classroomh

Chapter3

An Interactive Event

Timeline for Tabletop
Systems Involving

Automation: Design

and Method

Chapter 4:
An Interactive Event
Timeline for Tabletop
Systems Invaolving

Automation: Findings
\ and Discussion / \ /

Design Implications & Future Research Directions

Chapter 5
A Workspace
Awareness Cue for
Multi-Device
Classrooms

Chapter 6 Chapter7

Discussion and Conclusionand
Design Implications Future Work

Figure 1-8: The progression of this research and the structure of this dissertatiomhe
literature review contextualized this research for the next two investigations: the design and
evaluation of awareness displays for tabletop systems and mudtéviceclassrooms.The

study results revealedoverall design recommendations for cdocated collaborative systems
and suggested future research directions.
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Chapter 2
Rel ated Wor k

Through observations, interviews, and literature revieswglucted in this dissertatiplack of
awareneswas indicated asne of the main contributing factors to confusion and frustration in
tabletopsystemsand multidevice classroom Thus, thisesearchocused on awareness support for

colocated technologies.

Many different types of aavenessave been studied to suppudrious forms otollaborative
work (see review byittenbruch & McEwan, 2009)The research presented imsttissertation
focused on two specific types of awareness concepts: situation awdEmssy, 1995and
workspace awarene@Sutwin & Greenberg, 2002¥pituation awarene§ssocuses on a user 06
understanding of the changes in the envitent while workspace awarendgsuses on ussro6
awarme ss of c ol | Moreoveathisoasea@focasedprimarity ®n celocated
synchronous workJohansen, 1991neaning that usekgereworking in the same physical location
at the same timé=urthermore, thisesearchnvestigatedvorkspaces that involgemultiple userand

dynamic changes driven by systamtomatioror by other users

Thefollowing sections firstlefinethe concept o$ituation awareness (SA) adibcusghe impact
of system automatioan situation awareneshlext, workspace awareness (Wik)definedand
previous work in this area discussedThe next section contextuadig thisthesisresearch by
presenting the types of docated technologiestudied tabletop systems and muitévice
classroomsThesituation awareness and workspace awareness litenathiese two contexts are

discussedhextto further motivatehis dssertation work
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2.1 Automation and Situation Awareness

Situation awarenesse scri bes a personb6s athayraemklmsbeanf t he env
applied to many domainscludingair traffic control(Smith & Hancock, 1995 xircraftcockpit

design(Andre et al., 1991 )and nuclear plant operati¢@arvalho et al., 2006 Endsley(1988)

defined situation awareness (SA) as the following:

ASituation awareness is the perception of the
volume of time and space, the comprehension of their meaning, and the projection

of their statu@E792n the near future. o

In other words, there are three steps to achieve SA: the perception of changes in the system state
(level 1), the comprehension of changes (level 2), and the prediction of futusqlstaté3). The
second level of situation awareness requiresieeso connect multiple pieces of knowledge
(gathered on level 1 and previously kngwm infer their meaning and form an understanding of the

perceived change$he third levethendescibes the ability to predict the future state of the system.

As Endsleynoted maintaining SA is an important job fosersn an environment with dynamic
changes since fitasks atodatde pamaleywsi © nBrdskey, loen gemn nigr,
1995, p. 33)In the Timeline StudyGhapter 3andChapter 4, supportingSA wasessential to the
usersod deci si on mak iodgitaldabletdpigamgsedsivolves dynamib e Pand e mi

changes driven by automation.

The word fAautomati ono bvarsimedaditionally,dutomatidméfers e nt me an
to the replacement of physical labour with machines in the traditional manufgcteatimg. With
computer systems, automation @sorefer to ways of reducing mental worklgadmeaning that is
relevant to the current research in automation désigrasuraman et al., 2000) this dissertation,
automationrefersto the process of fully or partially replacirgpth physical and mental work
previously done by humariBarasuraman et al., 2000) addition to viewing automation as a
replacement of human work, it can also be sextie process of changing the state of the
environmentusing technologyFor example, automatear assembly lireecan be seen as the partial
replacement of human work in car assembly, as well as a change of state from having car parts to
having an assertdx car. In thiglissertationautomation will denote both the function of replacing

human work and the process of changing states.
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While automation can improve efficiency and reduces{@&tath et al., 2009gutomationcanalso
have a negative impact on situation awareness due tontlieeeasongEndsley & Kiris, 1995)
First, while monitoring automatiomiseramay become overly rent on the system and lose their
vigilance in detecting system state changes. They may fail to detect problems early on. Second, when
usershecome passive observers of the system states, they are not actively reorienting themselves to
the new system statesr deciding whether a manual intervention is needed. Third, the lack of
familiar forms of feedback or any feedback at all can makeudesunable to stay upo-date with
the current system state. For example, when switching from manually controlinglame to the
autormrated control, the pilahayreceivethe flight informationthrough a visual displayhat is
unfamiliar. The flight speed is displayed visually rather than through haptic feedlibekibration
from the flight stick(Kuipers et al., 1990)The change in feedback formmy affect how well the
pilot understandthe system stat@&ndsley, 1996)Furthermore,he lack of or inappropriate feedback
for userganvolvedin controlling and monitoring an automated system has been iderisfiede of
the main problems of automati@Bndsley, 1996; Lee & Seppelt, 2009)

While the automation literatuneotedthatoverreliance of automation and unfamilégstem
feedbackcan result in lower situation awarendse psychology literatureanhelp elucidate the
challenges in human perceptiomsie phenomenon ohange blindnesgRensink, 2005has been
well studied in psychology, andriéfers topeopl® s i nt@adetect changes duedshift in
attention It has also been identified ase ofthe key causeof low situation awarenegBurlach,

2009) The phenomenon happens wtike timng of changes takinglaceanddivergence oattention
coincidesuch as during eye blinks and interruptions from the environment. While the attention shifts
from the original scene to a new scene, a new change takes plageer&en shifsthar attenton

back to the original scene, they cannot detect the cl{aagean illustration of this problemigure

3-1 from Section3.1). This challenge of change blindness is one of the major problems for
collaborative tabletop applicatismvolving automationAs users shift their attentiorisom the

displayto collaborator$o engage in conversatiortbey miss changes that take place during the
conversation. After their attentions return to the applicattmy maynot be able to recognizbe
newchangeskurthermore, given the large size of tabletop systems, users caseeallimited part

of the system at a time. While users are focusing on one part of the system interface, other parts of the
system may have new changes. However, as users shift their atemtiom changed areasthe

interface they may not be able tletect the changes digethe change blindneptienomenon.

19



While change blindness explaitie failure to déect changes when distracted, a special form of
change blindnesfattentional blindnesgSimons & Chabris, 1999&xplains why people may still
miss changes while attendingén interfaceInattentional blindness refers to the case when people
arefocusing on a visual scene, but they still miss the changes széme. In the classic gorillas
study, Simons and Chab(iE999)instructed the participants to count the number of times a
basketball was passed between the members of the white team. During tha gdella was
walking through the scene among the white and black teams of balskktyers. However, people
failed to notice the gorillaAs peoplewerecuedto pay attention to the basketball, they could not
detect the new stimulu$he phenomenon of inattentional blindness helps to explain why people fail
to detect changes when they are passively observing the systemVgtaageople are overly
relying on the automation in the system and fowysn specific elements of the intade, new and

unexpected events that aret intheir focus of attention maye overlooked

The phenomenon of change blindness can be mitiga
attention to the new chang@shang & Ungar, 1993nd to help users understand these changes
(Baudisch et al., 2006However, as mentioned previously, users may not bengak the tabletop
interface at all or may be looking at other parts of the interfBzey can miss the animation
completely. To address this challenge on a large whiteboard, Bezestaald2006)animated
changes that happened at unattended areas when users pay attention to them. Although this approach
canaddress change blindneksw suchatechniquecan be applied ta multiruser application is

unclear since there will be different unattended areas for each user.

Alternatively, persistent interactive information displays have been explored ioyetraption
recovery literatur@as a way to mitigate change blindness and to rapidly improve situation awareness
after an interruptionThese displays can provide a centralized location for users to check new
changeslnteractive history logs have been found to help mitigate changinbks after
interruptions. John et a2005)and Smallman and Jol{R003)investigated the effectiveresf
interactive texbased history logs, in a table format, for airplane speed and location in ausiagle
supervisory task on desktop computers. The results showed that the interactive log helped reduce
response time, misses, and errors in identifgibgormal changes. Moreover, by allowing
participants to click on items to highlight corresponding airplanes, the interactivity helped reduce

clutter in the interface.
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Interactive graphical event timelines were also shtwve effective by Sasangohar et(2014)
In a supervisoryask involvingunmanned aerial vehicles, a geospatial map of the area of interest was
shown on an interactive T\and a graphical event timeline was shown orutle e harmdifeldlevice
(a tablet seeFigure2-1). Interaction with the bookmarked events invdlkgghlights of histoical
events on the map. Their results showed that the timelines reduced interruptiornyrécwand
improved decision accuracy. Moreover, they argued that the interactive timelines provided a
Ansi mpliyed represent at i otedthe fuick enmgodng of percéptua ve nt s
i nformati on and mi n($asangoharcket at., B044, v. L14gr ddsigng@ ar ¢ h 0
situation awareness support on large tabletop displays with multiple users, minimizing visual searches
across the interface would be ideal. Thus, the concept of interactive grapharéd&listvent
timelineswas applied to thebletop applicatioim this dissertatioto facilitate situation awareness

maintenance

Interactive event
timeline on the tablet ;
interface

Map on the large display |~

Figure 2-1: Study setup and application interfaces fromSasangohar et al(2014) Ina
supervisory ofunmanned aerial vehicles task, Sasangohar et #2014)designedan
interactive timeline for individuals and studied its effectiveness in facilitating interruption
recovery. Left) The setup of the control room, including large displays and tablet
interface. Right) Interacting with the interactive timeline on the tablet (top) invokel
highlights on the large display (bottom).(The left and right two images are used with
permission from Sasangohar et al(2014)with additional annotations in red. SeeAppendix
E for the permission statement.

21



Much research effort has investigatbddesigns of awareness displays to support situation
awareness for individual us€ohn, 2008; John et al., 2005; Sasangohar et al., 2014; Scott et al.,
2006) TheTimeline Studybuilt upon the situation awareness research for individual users and
adapedinteractive event timelines faollaborativetabletopapplications

2.1.1Team Situation Awareness

As thisthesis researchaimedto support team environments whesers hac shared goal, exaning
individual SA of the systerwasnot sufficient to understand the collatative process of gaghing
situation awarerss and strategizing as a grodipe literature in team situation awareness (TSA) is

presented next.

TSAi s the team membersd overl apping knowledge of
awareness required for individuals tasessfuly coordinate actions and complete the shared goal
(Endgey, 1995; Salas et al., 1995; A. R. Wellens, 1983Xepam member nestb be aware of both
thetask andteamoriented knowledge. Taslriented knowledge refers to the awareness of system
and tools state while teaariented knowledge referstotheawa ness of team member sé
(Parush et al., 2011As both these types of knowdge are needed to maintain TSA, users need to
maintain awareness of the system state and the collaboi@t@listinction is similar to the
taskworkandteamworldifferences from th€ omputerSupported Cooperative Woliterature. In a
collaborative system, taskwork refers to actions needetbfapleting the taskleamwork refers to
actions needed to helpd team complete the tagkg.,coordination(Pinelle & Gutwin, 2008)
Maintaining tearroriented knowledge would be essential for teamwiorkhe Timeline Studythe
design of the interactive event timeliaed overall tabletop applicati@oughtt o s upport bot h us
task and tearriented awareness needs.

There has beemuch work on theoretical models of team situation awardiesksley & Jones,
2001; Salas et al., 1992, 1995; A. R. Wellens, 1998)vever, they focused on high level processes.
For exampleEndsley and Jon€2001)presenéd a conceptual model with focomponents to
achieve team situation awarenasgdudingl) the SA requirementsdictatb y t eams é goal s; 2)
shared artifacts and communication within the téamgathemg and transmting awareness
information; 3) the shrad mental model of the work and syst@viohammed & Dumville, 2001)
and 4) the teamwork, norm, and members'safts in collaboration. Salas et #1.995)presented a

model that incorporatatd he t eam member sé b aWhlgthesewcondeptaahd expect
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frameworks provided insights into high level TSA processes, they lacked specific recommendations

for designingawarenessuppot for collaborative systems

The existing work generally agreesthe notiorthat TSA requires high levgof individual SA
related to the specific task and communication among team me(&beisey & Jones, 2001;
Gorman et al., 2006; Stanton, 2016; Stanton et al., 2006; A. R. Wellens, TB@8) much of the
research in TSA hdscusedon individual tool design (i.e. to facilitate individual SA, discussed in the
previous section) and analysis of communication and coordination behg@ounsan et al., 2005;
Parush et al., 20119 provide design implicains and advandemeasurement&ndsley & Jones,
2001; Gorman et al., 2006; Kaber & Endsley, 1998; Salas et al., 1995; Sulistyawati et al.TR808)
research presented inghdissertatiorsoughtto investigate the design of awareness displays for the
interfaces oto-located collaborative systems to complement the existing work. Thus, the gualitative
analysis othe Timeline Studyresented i€hapter 3andChapter 4ocused orhow SA devices
(timelines and othesystem featurgsver e used to facilitate individu;

maintenanceThe Timeline Study also soughtpgmvidedesignrecommendations for supporting SA

2.2\Workspace Awareness

In co-locateal synchronous workspacass er s ® awar e n e s sstillbod defcient duestd or at o |
thedistance between collaboratstech asn tabletopsystemsand multideviceenvironmentsThus,
there is a need to understand the awareness maintenance of human collaborators in addition to the

automated changes in the system. This section preakeritterature in workspace awareness.

Whil e situation awareness focuses on a persono:
workspace awareneSutwin & Greenberg, 200d) ocuses on a personds knowl
collaborator8actions within a sharedorkspace (both virtual and physicalyorkspace awareness is
defined astotheamopriend s uimwdper st anding of another per
wo r k s fGataire€oGreenberg, 2002, p. 411h colocated settings,xtensive research has
shown theichness ofiwarenesmformationprovided by the people, artefacts, and environyrant
the research has also shown th&ie of workspace awarenesscollaboratve activities (Gutwin &

Greenberg, 2002; Heath & Luff, 1992; Hutchins, 1990; Pinelle et al., 2003). For example, a study of
the London subway system found that people maegtthneirc ol | eaguesd acti ons anc
overheat their phone conversatiofideath & Luff, 1991b)People also intentionally make

utterances so that their colleagues stay aware of their current status.
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In the mechanics of collaboration work by Pinelle e{2003) workspace awarenesgormation
can be gathereid manydifferentwayssuch a®bserving collaborators, overhearing activities in the
workspace, and paying attention to the state of shared artifacts. Two of the concepts in the mechanics
of collaboration(Pinelle et al., 2003are difficult to achieve in digital tabletgystemsand multi
device environmentsithout system supparteedthrogh andconsequential communication
Feedt hrough refers to the observation of the shar
col | abor at Bhe abgervationtcanba ntadeehsoughous senses in additional to the
visualchannekuchasauditoryand even olfactory @mnel.In the examplef two people preparing a
feast togethelhy looking atthe amount of chopped vegetablesaring the sounds opening the
fridge, or smelling the burnt foody person can get a senseanftherpersn 6 s progress or wha
arother person is currently doinGonsequenti al communication refers
bodyto infer their actionsand stated~or example, during a meeting, when a person is facing a
whiteboard and their hand moves up apad, they are most likely erasing content on the
whiteboard even if the exact details of the action cannot be observed/afarl e a per sonds bo
movement can consequently give information about their actions and states, other cues, such as
orientation ad posture, can also provide consequential communication. For example, when a person
islooking and holding a phone on their hand, their posture indicates that they are paying attention to
information on theirphondy obser vi ng wh e rolabomatorpoarrider their ocug aze i s,
of attention, whether they are focusing on the list of new ideas on the whiteboard or previous sketches
of designsin the tabletop systems and mudivice environments,ug to the distance between
collaborators and oaggion, collaborators may not be able to gather these pieces of information
easily.In multi-device classrooms, a student cannot see what objects another student is currently
interacting with,nor can theg observe théype of interactiorbeing performedeg., enlarge an object,

rotate an object, vs. zoom in the view.

I'n Gutwin and Greenber g6 s(Guminr&lGeenberge2002)nez r eness fr
defined elements of workspace awareness, which cedsiinformation related to the present and
past in the workspaceresent elements congstof detailed information related to who, what, and
wheresuch agpresence of collaborators, their actions, intentions, artifacts manipulated, location, and
gaze Past informaibn was related to the historical information of who, what, where, and wihem.
remote workspace, muetork for awareness information is stripped away for distributed

collaborators since they are not physically presethe same space to observe edbtieio The ce
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located contestudiedin this dissertatioshare similarities with a remote workspace in the sense
that some othe awareness information waificult to obtainwithout system suppodue to physical
separationand occlusionHowever, snce usersvereco-located, some informatiatould be gained

by observing the workspaseich agpresence, location, and gaze. It is unclear yet how to apply the
elements of workspace awareness téocated collaboration, anghethertheyareall applicable

given the potential distractigand clutter of providing all elements

In a workspace where collaborators have difficatiaintainingawareness or where the awareness
information is stripped out, group work can become frustrgttwgwin & Greenberg, 2000)
Moreover, previous research has shown many benefits of supporting workspace awareness in remote
collaboration, such as imprimg coordination and rate of conflict resolutiarma et al., 20083s
well as task completion times, communication, and user prefe(@utein & Greenberg, 2000)
Thus, augmenting elmcated workspaces with awareneggsrmation of collaborators to enable
workspace awareness maintenawes one of the important design requirements for the

investigations conducted in this dissertation.

2.3 Awareness andCo-located Technologies

This section first provides an overview oflozated technologies to contextualize tifissis
research, and then tabletop systems and {theltice environmestare introduced to further specify
the types of systems studied. Next, the related situation awareness and workspace awareness work in

thesetechnologies are presented to reveal the gap in the current literature.

2.3.1Co-located Technology Overview

Many technologies have been designed and developed to facititiatieoration andseveral factors

affect the design of the awareness supf@hle2-1 shows some examples of collaborative sysiems
orderedby the degree of separation betwéscollaboratordrom top to bottomAs the technologies

move from celocated to remote, the system can potentially support more collaborators at once at the
cost of increased physical separation among users. Due to the physical separation, more sophisticated
workspace awareness supporteégded due to the difficulties in maintaining awareness of

c ol | a baxtioastIrothe cddcated scenarios, there are physical limits to the size of the shared
displays and the room. Although these physical constrainte@enedas bigger interactivdisplays

and intelligent spaces are being built, they are not as flexible as the remote collaboration scenarios
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such as video conferencing rooms and online collaboration spaces. However, since users are in the

same physical space, there are more awarenesshat can be observed.

Collaborative Examples Degree of Amount of
technologies P Separation Collaborators
Lanton / (Amershi & Morris,
Wgrkgtations 2008; Pavar et al.,
2006)
Co Large mteractive (Morris et al., 2006;
located displays Seifried et al., 2012)
(BeaudouiALafon et
Multi-device al., 2012; Fong et al., Increasing
. ) : More
environment 2015; Kharrufa et al., physical
. collaborators
2013) separations )
: in the
(Robinson & among workspace
Mixed- Remotelarge Tuddenham, 2007; collaborators P
presence | displays Tang, Neustaedter, €
al., 2006)
Remote video (Domova et al., 2014
Remote conferencing / Gutwin & Greenberg,
online ollaboration | 2002; Schafer et al.,
spaces 2005) v A\ 4

Table 2-1: Examples of different collaborative technologiesAs the physical separations
between users increase, the system needs to provide more awareness support.

Theresearclpresentedn thisdissertatiorfocusedon caelocated collaborative work, and there are
varying degrees of physical separation even within this setisgys may beeated in front of a
computer for collaborative taskach adearning in a classroofPawar et al., 200@nd searching on
the web(Amershi & Morris, 2008) As the display becomes biggére physical separations between
users increassuch as in the case of tabletop systems. Although bietda system can generally
support two to five us e rbhaecomemtresddficwtduatthe ol | abor at or
increasedlistance. With multdevice environments, even more people can work together by using
individual devices to access the slthdata As peoplecan bedistributed in thesame physicadpace,
some awareness cug® difficult toobsene. Colocatedsystens also needo provide awareness
support for users to maintain awareness informakarthermore, asomeco-located environmes
start to scale up arslipport more users, providing too much awareness informeditnecome
overwhelming andreate too much distractian&/hile Gutwin and Greenber@002)notedthatco-

located technologies do not need to support all workspace awareness eldmmeascated
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technologies studied in this dissertation invdledarge degree of physical separation compared to
the traditional single display groupware. Even though users celocated, awareness supportsva
necessary. Tresearch presented in thissertatiorsoughtto provide workspace awareness support
for suchco-located environments to helimderstandhow to balance awareness and distractidhs.

following two sibsections introduce tabletop systems and rai@tice environments.

Tabletop §stems

Digital tabletopsystemsare large, horizontal, interactive surfaces geiple can interact with using
direct inputs. The virtual objects in the systems can be mareduti@tectly using finger touches or
pen inputsThese systemsan enhance work anuay with digital functionalitiesuch ashowing up
to-date data, changing data visualizatibased on underlyingpurcesand tasks, and sharing digital
documentsThe utlities of these systentsve allowed them to be applied to diverse domaimsh as
educationKharrufa et al., 2013; Piper & Han, 2009; Shaer et al., 2011; Valdes et al., 20d@nes
(Dionisio et al., 2015; Tse et al., 2007; Zimmerer et al., 2@lggster and crisis management
(Doweling et al., 2013; Paelke et al., 20XBaritime operatioffDomova et al., 2013; Scott et al.,
2010) and military trainingBortolaso et al.2013) The research presented instdissertatiorusesa
digital tabletop system for its ability to support faodace discussions while providing digital
benefits.

Many different hardware designs have bdeweloped to enable interaction on tablefggtems
(e.g.,Han, 2005; Strickon & Paradiso, 1998; P. Wellens, 1993; Wilson, 2B0&yms of awareness
support,user tracking is one of thmost notable featuseMuch research has investigdtgays to
allow for identifying anddistinguishingbetweeruserssuch aginger orientationgZhang et al.,

2012) Kinect sensor@Genest et al., 2013andelectricfields (Dietz & Leigh, 2001) With the ability

to determine who is performing what actjonore advanced awareness support campkmented.

For example, in a crostevice information transfer scenario, Scott ef2014)showedp e o pharel6 s

and arnshadowverthe tabletop whilehey weretransferring information betweeheir personal

tablets and the shared tabletop workspace. A maigifiteraction can abbe provided by

eliminating the neetbr assigned colours and widget&s players in the physical Pandemic game

typically sit in the same seat throughout the game, the digital conversation of the tabletop game did

not need to track users. The CalloubBlesprovidedidentity informationbasedams er sé | ogi ns

the application. While the contexts studied in
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in the physical space, this dissertation research also sought to provide designsitiat allo

distinguishing users.

Interaction techniques for manipulating virtual objects on digital tabletops have been one of the
major dgital tabletop research are&x<amples includebject manipulationBuchanan et al., 2013;
Hancock et al., 2007; Kruger et al., 2004; Mendes et al., 26ddjol widgets(Morris et al., 2006)
andtechniques fomenu invocatior{Seto et al., 2012; Yoshikawa et al., 2Q2®hile some work in
this area investigate issues related to collaboration, such as coordinatiomjroation, and
awarenesgKruger et al., 2004; Nacenta et al., 2QaAg majority of the workends to focus on novel
interaction technique$ection2.3.2 furtherdiscusseselated work which investigates awareness

support for tabletop systems.

For collaborativescenariosmuch research has investigated tiseof tabletop systems fatisual
analytics(lsenberg, Fisher, et al., 2018)d sensemakin@Vallaceet al., 2013)While many
collaborative information visualization applicatidosusedon static data exploratidigsee a review
by Isenberg, Hinrichs, et al., 201@) few studies have used dynamic dBtartolaso et al., 2013;
Conversy et al., 2011; Scott et al., 201¥5ction2.3.2furtherdiscusssthe support for situain

awareness of dynamic data and workspace awareness on tabletop.systems

Significant work has been doneitwestigatehow people collaboratén order toinform the design
of digital tabletop interfaceS$cott & Carpendal€010)foundthat during collaboratioaround a
table people exhibited territorial behaviour, atfdeekinds ofterritorieswere identified personal,
group, and storag®ersonal territoriesverethe table area immediataly front of eachperson, and
the grouperritory coveredhe rest of the table spac&orageterritoriesweremobileand distributed
in the peipherals of personal and group territoniather than being anothpartition of the table
space With this view of the workspace, the design of the interactive event tiraefiribis

dissertators ought t o al so provi de irpersanaldeni®ory sincaitks user s 6

harder for coll aborators to maintain awareness

Priorresearch has found the importance of allowing for flexible transitietween individual and
group work as well as between diffatectivities(Isenberg et al., 2008; Scott et 2003; Tang,
Tory, et al., 2006)Thus, the intexctive event timelinpresentedn Section3.5.3allowedfor user

interactions at any time antid not impose temporahodes. Overall, this dissertation seeks to support
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awareness maintenancather than enforcing particular sequence of behaviptar allow for flexible

collaboration styles.

Multi -Device Ehvironments

Multi-device environmestare beaming common given the prevalence of personal devices and large
interactive surfaces, and thesfer to a setf devices inteiconnected through networks (e.g.,

interactive whiteboards, tabletops, and tabletsg reviews by EiImqvige011)and Terrenghi et al.
(2009) The Callout BubbleStudy(Chapter % focused on the muHiser celocated context

Many cclocated multidevice setups have been explored, and they typically consist of both shared
and personalevices. Large interactive displays, such as whiteboards and tabletops, can be used as a
shared workspad@eaudouinLafon et al., 2012; Johanson &t 2002)or simply as a display to
show the overall situatiofChokshi et al., 2014; Seyed et al., 20Mile shared workspacean be
physically displayedh the spacghey caralso bevirtual ard not displayed. For example, while a
group of users are playing gan@stheir mobile devices, they are situated in a virtual world,
irrespectiveof whether the virtual world is physically displayed or (®tentgyorgyi et al., 2008)
The Callout Bubble Studypresented itChapter Suseda similar setup for muHievice classrooms.
S udent sé individual d &large rirtual camvawitie an optiamal larget e d t hr o
interactive whiteboard showi argpnatdeviceastedasnu al wor k.
input device formanipulaing the virtual workspacas well asan outputdeviceto view the
workspaceSuch a multdevice environmenisesndividual devices and poses different awareness
needs than other setups that make heavy use of large shared digmagst of this subsection gives

an overview ofnmulti-device environment research.

Multi-device environments have been utilized in various donsaicis agducation(Fong et al.,
2015) retail storegMasuko et al., 20155ata analyticéBeaudouinLafon et al., 2012)and
emergency respong€hokshi et al., 2014However, in most of tleecases, the personal devices act
only asa sourcenf data for information sharing with collaborat@BeaudouinLafon et al., 2012;
Scott et al., 2014; Shen et al., 200®)asan interaction mediunfior browsing informatioron large
displays(Masuko et al., 2015; Seyed et al., 2018these use cases, the awareness needs are
relatively low since little to none of the underlying data are being modified, unlike in the case of

multi-device classrooms where students are actively modifying the states of the shared workspace.
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For researcin multi-device environmest much work has focused on the infrastructure and
interaction techniques for intelligent meeting spaces, e.g., Colab at Xerox (AR et al, 1987)
and iRoom at Stanford Universifffox et al., 2000; Johanson et al., 2002)erehasalso beerprior
research ito the underlying software engineering to enable and speed up the development-of multi
device applicationdBBadam & Elmqvist, 2014; Gjerlufsen et al., 2011; Klokmose et al., 2009;
Nebeling, Mintsi, et al., 2014; Nebetj, Teunissen, et al., 2014; Seyed et al., 204/)ther major
researcleffort has beem investigatingnteraction techniques for data transdeross devices
(Dachselt & Buchholz, 2009; Everitt et al., 2006; Marquardt et al., 2012; Rekimoto, 1997; D. Schmidt
et al., 2012)Despite the intense research into the infrastructure, development, and interaction
techniques of mulidevice environments, awareness is rarely an area of éd¢his prior work.
Section2.3.3discussesome exceptionspecificto theresearch invorkspace awarenefs multi-

device environments

2.3.2Awareness Support on Digital Tabletop Systems

As tabletop systenm&art to incorporatdynamically changing data, there is a need to support
situation awareness. Furthermosence thigesearchnvestigatedtollaborative applicatics)
workspace awareness supporswasential to allow for collaborators to keep track of eachéother
actionsand work progressThis sectiorpresengrelated research on awareness support in tabletop

systems.

Situation Awareness Support on Tabletop Systems

As more sophisticated tabletop applications are developed to support complex task,domains
(Bortolaso et al., 2013; Chokshi et al., 2014; Domova et al., 2013; Doweling et al., 28d&)ation
tools that allow maintenancd awarenesef dynamic changes wilecome essentidHowever, much

of the work inthe area oinformation visualization on tabletapsplays ha$ocused on static data
exploration. For example, Sultanum et(@D10)proposed an interactive 3D information visualization
tool for reservoir engineering. The system allowed usensanipulate the view through gestusesh
aspanning, zooming, rotatinghdchoosing arosssection Userscouldalso use tangible cards to
select the properties afreservoir toview, and the systemwould update the simulated model
appropriately. Een though the tabletop systems provided enhanced digitaiesidit data

exploration, thelata was relatively static.
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While many information visualization techniques addrdshallengs in static data exploration,
(see a review bisenberg, Hinrichs, et al., 201 0ijtle existing work has studied dynamic data with
historical evensupport. Existing tabletop applications that incorporate dyradiyichanging data
havefocusedon novel interfaces and interaction techniques for sharing or collaborating with the
current, reatime system state with little to no support of historicaadBortolaso et al., 2013;
Conversy et al., 2011; Domova et al., 2013; Déweling et al., 2013; Micire et al., 2009; Scott et al.,
2010) Scott et al(Scott et al., 2010pvestigated the use afdigital tabletop to improve
collaborative decisioimaking in the context of maritime operatievhich originally use paper
maps.Althoughthe system displgeddynamic, upto-date, map and vesseformation, the project
focusedon addressing the interaction issues such as orientation afitheald acces@rMiS
(Bortolaso et al., 2013)vas a tabletop application faiilitary training, and the projeciplored
design issues in providimgppmmandand control interfaces for a small groofpofficers to work
together Although OrMi S automatically updated the current sitoatby animating thervop®
changing states on the maifpfocused on providing the current, reimhe view of the situatiorand
did not provide a way for understanding and exploring historical evasitsurrent tabletop research
has providedimited investigations of situation awareness support for dynamic data in a collaborative

context, thiddissertations the first step towards addressing the gap.

Workspace Awareness Support on Tabletop Systems

Most of the workspace awareness literatusfocusedon addressing remote collaborati@nth a
few exceptions that havexamined the awareness of collaborators in-lcated context@Conversy
etal., 2011; Ha et al., 2006; Nacenta et al., 2087¢w prior work has comparetirect touch and
mouse pointers as user inputs for tabletop sysfela®t al., 2006; Hornecker et al., 200B)ey both
found that the direetouch condition allowed for higher levels of workspace awarethess
competitive gara, this resulted iquicker respongt 0 0 p p 0 n e(Ha esad, 200@)Ivee s
collaborative office seating planning scenario, this resulted in more fluid interactions between
collaborators, more unrequested help behavemamore norverbalized object handovers
(Hornecker et al., 2008Furthemore,Nacenta et al2007)studied five different interaction
techniques for selecting, moving, and tiotg images for two collaborative taskhey similarly

found that the interaction technique requiring explicit input in the shared space (i.eanddgp)

all owed for easi er t randHelpedigoid oohflictmgdctiorss.b or at or s 6

31

a



These prior investigatiorsf tabletop systems revealed the benefits of providing workspace
awareness, andornecker et al2008)suggestegrovidingmore resources in the environment for
users to coordinate and maintain awareness as a way to supplidthequent interactions rather
than enforcing sequential work patterns and predefined working afeasesearch conducted in this
dissertation also took this approach of providing information to enable coordination and awareness

maintenance.

Someexisting work hasspecifically examined techniques for supporting workspace awareness on
tabletop system&ambiera(lsenberg, Fisher, et al., 201W%s a visual analyticobl for
collaborative textual document analysis on digital tabletops. Eaclcaselindependently search

and view documentsind the systemprovidedf eat ur es t hat all ow users

to

k

searches andeweddocuments. Iprovidedindic at or s on user sobéotlemear ch widget

collaborators whinadalso searchefibr the same term and winadviewed orwereviewing the same
documentsAs this information waattached to the search results wid¢jed avareness information
wasclose tathe users. Although the overall Cambiera application was beneficial for the information
exploration task, the workspace awareness feature was not fully utilized by the participants. The
authoranotedthat the cuemight have been too subtle. The WeSeaygstem(Morris et al., 2010)

was a tabletop application that supported collaborative webhsegr@nd sensemakingnd the

authors observed groups, who already knew each other, worked on topics that they would normally
research together in their rdales. A marquee feature was provided to help users maintain awareness
of each ot.hwasassears & searchéddesiisving within afixed-size containerand

the marquee was pl aced nTheuesuwts shodvedithatthe featuctu a |
sparked interest and awareness, and users sometimes discussed the terms sedheisd by

However, participants reported issues with clutter as the search terms built up. Both of these

searc

approaches showed the workspace awhthsness feedbac

dissertation,& user s6 i nt er aretransietars theyimayhexptore alet lofievergssn

a short amount of time, is unclear if displaying awareneissu s e r s 6 p ewillsceeateatbo s p ac e

much distraction. Furthermorsince the interactive event timeline seekprimvidegeographical
information t he wuseful ness of textual i nformation
explorationds alsounclear. Users may also speiod much time isolated in their personal territory.

Thus,the tabletop system ihe Timeline Studghowed feeback ofthec ol | abor at or s o6
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shared workspace. Further research may explore showing information in the personal area on

tabletops as a wap sharenformation.

The research imorkspace awarenefs co-located settinghasprovided importaninsights inthe
design ofinteractive timelinginvestigatedn thisdissertationHowever, due to the unique nature of
the timeline as both a visualization and control widget for invoking feedbadgritimeesearch could
not provide comprehensive gaidceon how to best adapt timelines to tabletop systdinis gapis
further discussedh Section3.1and Sectior3.3.

2.3.3Workspace Awareness Support for Multi-Device Environments

The Callout Bubble Studpn multidevice classrooms sought to investigate a workspace awareness
cue for celocated environmentThis section presentslatedwork that guided and inspiretie

workspace awareness agesign

Workspace awareness has been researctuEpth inwork onremote collaboratin. Thus,
commercialonline collaboration tools that support group brainstorming and creative posecse
asGoogle Docs Mural.ly’, and Padlé&t were examinedThe review showethat only a few of them
provided awareness of collaborafiastions In most cases, collaborators only see the updated

workspace state after a ussakesa change without th@formation of who did what.

Googl e Docs showed coll aborator s o décunilet (atn a mes n.
the time the tool wasurveyed). Whileaninsertion cursor is a popular approach, considering an
online freeform canvas used dablets, students cannot always be associated with an insertion
location on the canvasince there is no fedstructure to the canvaasnd there can be media tgpe
otherthan text.Next, the research in remot®llaborationis presentedo provideinsights into

designing workspace awareness cues for individual devices.

TelepointergRoseman & Greenberg, 199%8jovedc ol | abor at or sdé mouse poi n-
workspaces, and the@an allowthe collaboratsto coordinate based oneagit her 6 s | ocat i on
Mural.ly showed he col | aboratorsé6 mouse cursors with th

6 https://www.google.ca/docs/about/
7 https://mural.ly/
8 https://padlet.com/
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mouse cursors, their attention and intended interaatiomsl sometimes be inferred, which matthés

appoach very beneficiaMoreover, Tuddenham and Robing@®10)as well as Tang et g2006)

bothinvestigated arm shadows as another form of embodiment for remote tabletop collaboration and
mixed-presence collaboration with one remote user and threecated users, respectiyelSince

most touckenabled devicedo not support hover, especially the ones typically purchased by school

the design of a practical workspace awarenessauie not leverage the telepointers. Showing

shadows would also requiamadvancd level of use tracking, making this idea infeasible fbis

thesisresearch However, providing cues to coldnhkebor at or so

valuable so the awareness cue desigesented itChapter Ssoughtto incorporate this aspect.

Mini-maps and radar views drequentlyused in many work and gaming cong@heung et al.,
2012; Greenberg et al., 1996; McClelland et al., 20@hny multiplayer games provideraini-map
with all or part of the game woorémddarwiewthaeis mar ki ng
centred on the player while showittge surrounding aredn the Callout Bubble Studgtudents
coudvi ew t heir workspace at a zoomed out | evel , i nf

inaccurate.

The research in multleviceenvironments has explored ways to share information and manage
information across devicéPachselt & Buchholz, 2009; Houben et al., 2014; Marquardt et al., 2012;
Rekimoto, 1997)However, maoswork hasprovidedver y | i mi t ed i nformation of
actions on individual deviceBor example, Scott et dR2014)investigated the use of shadow
feedback onabletops during information transfer between tabletop and tabletgechnique
provided feedback for users who have information in transit as well as for collaborators to know
about this transfer. The awareness informatios prasented on the shareblétop, and provided
limited suggestions for feedback on personal devidasgquardt et al(2012)investigated the use of
proxemics as way to gradually engage users in crdesgice transfersThe awareness afdevices
presence was reflected on the large displays and personal iralket®nvironment. However, there

waslimited support ofawareness facollaboratoréactions.

A few projects have used colours to provide awareness of user identity and action in svatared
display(Cheung et al., 2014; Masuko et al., 20I®8)e Wall[SHOP allowed people to explore items in
a public signage through their individual devices, and they could view detailed informiatien

products on their personal devices. Coloured dots were used as virtual embodiments for users to keep
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track of their own interaction and for people to gain a sense of popular items. However, given the
collaborative nature of multievice classroomstudents need to know the identity of each other, and

colours may not bealientenoughand may require much cognitive power to proc&ébe Timeline

Studyalso found that the colour coding did not provide quick enough recognition for collaborators.

Few work has investigated ways to provide aware
devicesln many caseghe personal devices are used as a source of privatBeatadouinLafon et

al., 2012; Scott et al2014) and showing awareness information

devices could violate their privacy and conflict with the rationale of using personal devices.

Users of large interactive tabletops and madévice environmesthave similar varkspace
awareness needs due to the distance between users and occlusion of uselavewes, few
tabletopsystems have explicitly provided cues to support workspace awa(Guwes®rsy et al.,
2011; Isenberg, Fisher, et al., 20IDhe previously mentioned Cambiera systégsenbergfisher, et
al., 2010)and WeSpace systefWigdor etal., 2009 howed f eedback of coll abo
user so6 per ssorheavbrkspacerawarepessacimthe Callout Bubble Studipok a similar
approach in the sense that users could seendwerness cue on their personal device. Howeker,
cue wa displayed near the objects being manipulated ishtheedvirtual workspaceUserswould

only see them if the manipulated objestrewithin their viewports.

Theinteractiveevent timelines present@dthe Timeline Studyrovided a historical view of
commands taken by other collaborators, emadbe redesigned to support thetie-moment
awareness of user interactgo®imilarly, some online collaboration tools, such as@® Docs,
provide a revision history where users can see who made what edits at what time. However, browsing
a historical log requires students to spend time navigating, which takes their time away from learning
activities. Students also havdimited anount of time for the collaborative activities portion of the
lesson, and they may not have time to use the timeline. Given this consideration, an awaesness
that requires no or minimal interaction would be more appropriate fonattedevice classroom

setting.

Conversy et al(2011)investigated the use of a digital air traffic control system to replace the
traditional papebased workflow, and a high degree of collaborative effes reqired for the safety
of the air traffic. The system was designed for two controllers with different roles and responsibilities

to work together at the same time. It consisted of two components: a vertical display that shows two
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radar views, potentially atfferent zoom levels; and a tabletop as the main collaborative workspace
with the flight status information and functionality to annotate and issue commands. To improve
consequential communication, the system reglirsers to directly manipulafteght information on

the tabletop. Previous work has shown that direct touch on digital tabédtmps collaborators to
more easily observe ot her(dadetah @006)Tosupport han wi t h mou
feedthroughthe systemdeveloped by onversyet al.(2011)displayedhighlights on the radar view

for flights thatwerebeingcontrolledon the tabletop so that the controlbeuld stay aware of the
coll eagueds act i owerslooking. Forantltideviceclassrammsebsetrvimgeach

ot h e r drdgerattiomowr ther tables can be challengindput could be improved bgugmening
theseinteractiors with visual cueso support workspacawarenesmaintenancé/Nhile providing
feedthrough can be beneficial, one important design consideration sute ¢mat the cues are

distinguishabldor group work with large numbgof users

Wallace et al(2009)compared singledisplay groupware (witimultiple mice)with multiple-
di splay groupware. The participants were coll abor
goals was to understand the impact of display configuration on communication and awareness. While
users in the mukdisplay groupware condith had more coordination problems, they made fewer
errors. The individual devices might have provided a less distracting environment since it was a
personali zed vi ew wursots.drbetstudy tessghoweditisedensfits of meing s e
individual devices at the cost of awareness of collaboratorsh&d@allout Bubble Stugyalancing

the poteril distractions and awarenesssvan important investigation area.

While theprior research on workspace awarertess providednsightsto inspire and directhe
designof the Callout Bubblgethey focuson remote contexts. The workspace awareness work on
tabletops provideinsights into the design for workspace awareness cues-focated setting
However,prior workspace awareness cues inulti-device environmentsasmainly investigated
information sharing techniques. Further investigatitia workspace awareness &lie multi-device
environments is stilvarranted

Awareness in Student Learning

Sincethe Callout Bubble Studywas inthe multidevice classroom contextlatedwork in the
domain of computesupported collaborative learnif@SCL)was examinedResearch on supporting

workspace awareness has recently gained popularity V@tBEL I'n Janssei2018nd Bode me
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review of awareness tools in the comptgepported collaborative learning domain, they considered

the collaborative spaces as consisting of two overlapping spgamrgent spacée.g.,cognitive

activities, the subjeamnatter content) angklational spacde.g., collaborator social interaction).

However, the research on these two spaces usualjtaom e v a | u a treing progitessamdt s 6 | e a
performancewhich can balifficulttoobsev e and detect, as opposed to s

objects in a workspace.

One of the main approacheasto provide studentwith feedoack on their learning progress.
Presenstudentsvitht h ei r g r o tcneatetheohceps mapssshowin to be effective for
students to share and compare their lear(tngelmanret al., 2009Molinari et al., 2008)These
sharingactivities increased discussions anenganipulation of the concepts iretimaps. Another
approachwa t o provide students with results of peer
levels. Thiswas shownioncr ease student so6 (Hinamereeletalg2007acti ve co
group performancélongsawat & Premchaiswadi, 2008hd group satisfactiqiPhielix et al., 201Q)

Whil e the CSCL literature provides insights in:
class and motivating learning activitiésproving studem learningis not the goal of this research
The research presented instdissertation seekspr ovi de f or studentsd worKks

reduce their confusion and frustration while working together in the shared virtual workspace.

2.4Summary

Thischapter introduced the concepts of situation awareness and workspace awareness, which are the
primarily types of awareness investigated in this research. Furthermore, this research focused on co
located environments that presented the following challehgephysical separations between users

and occlusions in the environment increased the difficulty in maintaining awareness of the automated
changes and col |l abor at or $pécifically,tabletap systemis and owitit sy st
device classroomwere chosen as the study contexts, hadélated literature on awareness and

these technologiesas discussetih this chapter.

In this chapter, the literature review revealed a gap in supporting situation awareness of dynamic
changes on tabletop systs. There also lacks-tkepth understanding of how &dlaptinteractive
event timelines to tabletop systems for workspace awareness maintenance. The Timeline Study was a

first step to address these gaps. While the Timeline Study revealed the benéfitisnoétime
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designed in this research for situation awareness maintenance, further work was needed to understand
how to improve workspace awareness support fdocated collaborative worklhe Callout Bubble

Studyin a multidevice classroom contelRada similar workspace awareness deficignbblem, and

this context was chosespecificallyfor its benefits in supporting large group collaboration and

individual work The literature reviewevealed a gap in practical design recommendations for

supporting varkspace awarenegsa celocated environment singaost of the related work focused

on remote collaboration. The Callout Bubble Study sought to investigate a practical workspace
awareness cue to balance awareness support and potential distractionBowiregyfchapters present

the Timeline StudyGhapter 3andChapter 4and the Callout Bubble Studg€liapter % Basedn the

results from these two investigations, overall design implications for awareness suppddcated

environments are presented@mapter 6
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Chapter 3
An I nteractive Event Ti mel
Invol vi ng Ale soingaNe tohnd d

Theliterature review(Chapter 2revealed a gap in supporting situation awareness in complex
tabletop applications involving dynamic automated changesractive event timelindsavebeen
shown to improve interruption recovery time and decision acctiicasngleuser applications
(Sasangohar et al., 2014; Scott et al., 20B6)vever thereis a lack ofunderstanding in how to adapt
timelines to acollaborativetabletopcontextto supportituation awareness. Thus, we designed
developed, andvaluatedwo design factors impacting the effectivenessitdéractive event timeliree

for collaborative tabletop applications.

We chose aooperative turibased board game, Pandemicpasstudy context to simulate
complex collaborative scenayiard designedan interactive event timelingithin this context. Our
goal was to evaluate the usefulness and effectiveness of two design fatd:placement
(number of timelines for a group of users and timeline placejremiseedbackdcation(whereto
display interaction feedback of timeline$hus, several alternative event timeline designs were

implemented within our Pandemic gameredised version of thBandemic gameas implemented

9 Material ideas, figures, and tables from this chapter have previously appeared in Charfg0d4al2016)
Appropriate permissions have been obtained for theseeof these materials, and can be foun8ippendix D

This chapter presents collaborative work done with the collaborators mentioned in the Statement of Contribution
on page Vvi.
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to give us full controls of the code base for prototypingousrtimeline designsee the previous
versionof the Pandemic digital ganie Pape(2012)

The timelineallowed playersto explore historical game events at aimyet during the ganpay.
After automated events occurred, users could interact with the timeliregmto situation awareness.
Forworkspace awarenesapport we designed the timelirsgo present wo t ypes of col | abo
actions. Firstc o | | a b maviaus epmmsaads, whictatl permanent impacts to the system state,
were logged in the timelines. Second, some version of the timpliogsled reatime feedback of

collaborator8interactions with the timeline, which had no permanent effects to the system state

A user studywasdesigned to understammdbw an interactive event timeline can be adapted to a
tabletop collaborative environmeithe study consistedf two phasesall conducted in one single
sessionln Phase lwe conducte@ mixed-designexperiment wittcontrol placemeni{between
participantdactor) andeedbackocation (within-subjects factorjo understantheir impacts on
situation awarenesBarticipants only played p&t games for each conditiom Phase 2participants
played a fullgame unintermpted wth thetimelinesthatcan be freely reconfiguréd any
combinations of theontrol placemenandfeedback locatiorPhase 2rovided more realistic datto

under st and par t interacivaavantsimelines age of t he

The rest of this chaptdirst describstheproblem of lack of situation awareness on tabletop
systems and the exploration of the design spem®ugh an iterative design proces®e decided to
investigate the use of interactive event timelines for providing situation awareness and workspace
awareness on tabletop system. The next section préisentsceptual design of our event timeline
and the design factors fadaptingimelines to tabletop systemBhe research questions are presented
next. ThePandemic physical ganiethenpresentedo provide the context of our studihe interface
of the digital Pandemic game and the design of the interactive event tinsgkngsscribe next,
followed by our user study methotihe situation awareness questionnairel the quantitative and
qualitative data analysere also explained in the study design sectRmated usestudy materials

can be found iMppendix B Theanalysigesultsarepresentedn Chapter 4

3.1Problems

As mentioned irSection2.1, automations usedo refer to the change in states and the replacement

of manual work Automation can redugeghysicalwork and cos(Spath et al., 2009However it may
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negatively impact situation awarenesge to change blindne@Rensink, 2005and inappropriate

feedback fousergEndsley, 1996)On digital tabletop systems, the problem of situation awareness

deficient due to automation was also obserfdllace et al., 2012As illustrated irFigure3-1A,

people at a digital tabletamuldbe unaware of a change occurring in the system interface due to the

large size of the display or other competing demands for their attsnottbrasonvesing with a

teammate. Marover, even when a change occumad t hi n

a

p er stbegrightstiili el d

miss the change due to limited attentional capa€itytheymight be searching for the changes, but

unable tdind it via visual scanning for éierencesFurthermore, usersight not always be around

the talletop system. For example, they cobllaway from the tabletajue to other dutieso they

mightmi s s

their col

aborat or so

acti

ons. Thre

concepts to iteratively design and prototype an awareness dis@dyresshe lack of situation

awareness.

A. Problem

B. Solution: Timeline

g

*
5y ¥

C. Timeline Close-up

-Q

D. Timeline Interaction

Figure 3-1: Conceptual design othe interactive event timeline.A) Problem: userscould miss
automated changes if they were engaging in conversations or focusing atiner parts of the
tabletop display (red arrows show attentional focus). B) Solution: timelinesould provide a
way for users to view and explore changes. @s new automated chages appeared in the
system, they were logged bthe timelines, and D) Userscould interact with the timelines to
locate the changes on thgroup workspace (highlighted in green) and on the timeline (graph
cut-out on the right of the timeline).
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3.2Exploration and Iteration of Design Alternatives

To address the lack of situation awareness due to automation, we first explored the design space by
examining relevant literature and decided to focus on providing persistent information displays to
mitigatedistractonsin the environment. Next, we created design sketches to explore potential ideas
for persistent information displays, and then moved on to cneadieum and highfidelity

prototypes. This section presents the exploration of the various design alesrf@tiawareness

support and the iterative design process.

3.2.1Exploration of Design Alternatives Through Literature Reviews

The literature in automation, situation awareness, and animated visualizations provided potential
solutions for supporting awareness of automated acflanaddress the negative impacts of

aut omation, one of the apprfemmtohbetweer ttee himanafido pt i mi z e
aut omat e (Endsley,sl996, mdad73By adjusting the level of automatione can automate

tasks that are weBuited to the machine, and provide manual control for tasksswi#ld to humans.

This approah allows ugo take advantage of automation while mitigating the negative impaats of

lack of situation awarenesblowever, br many contexts, such as emergency response and maritime
surveillance, theisershave no control over when dynamic changes odtusers are distracted when
automated changes take place, they can still miss them. Furthermore, the situation awareness
literature has pointed othatinappropriate or no feedback to automated actions as one of the key
causes of low situatioewareness. Thus, we decided to focus on providing more awareness feedback

to address the lack of situation awareness.

We next examined the animation, motion, and human perception liter&timeation may be used
to guide users through potential changesmté@ns t yl e and 0 af dhave lgeénslwan ani mat i
to be beneficial for facilitating the understanding of system chgBgeslisch et al., 2006; Chang &
Ungar, 1993)In terms of human perception, certdimsili such as blinkingights and motiorare
hi ghly effective i n i mmBodenmtsen&Hugenbeagywd0ppydthe ser sd at
literature on motion has shown that it is effective in highlighting informgBamtram & Ware, 2002;
Ware & Bobrow, 2004)However, given the challenge that users may not be paying attention to the
tabletop interfacand its much larger size than displays tested in previous resasecémay
completely miss the animated changesobservedy Wallace et al(2012) As animated graphics
disappear after certain amount of time, users naiave enough time to gain the information
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needed once they pay attention to the system again. Considering the potential distractions in the
environment, we decided farther explorgersistent information displayisat would allow for

exploration of information at any time

3.2.2Design Iterations on Persistent Information Displays

We next deployed an iterative design process to exjgessand refine our desigiWe usedaturn-
based collaborative board garf@ndemicas our case studilayers need to collaborate to control
the spread ofliseasswhile collecting cards to win. The game mimics many complex donesns
requires intense strategizing and resource managéeopnbritize actions. The full details of the

Pandemic game are described in Sec@iénl

Throughout the design iteration, Wveragedundamental information visualization principles
(Bodenhausen & Hugenizg 2009; Carpendale, 2003; Ware, 20@ddexamined human facter
issues to consider for large displays (Robertson et al., 2009; Yost et al.,208afjically, we also
considered the perception and orientation issues on tabletop sykteier et al., 2004; Wigdor et
al., 2007) We decidedo support rotation for all widgets with textual information. Furthermore, the
data we sought to visualize wdiscrete, focusing on the types of automated events and relationship
between them, and they required minimal interpretation of length, angle, and slope of tiiedata.
also sought to minimize thgotential clutter and distractisthe awareness displag®y add to the

interface and the workflow.

We conducted three phasestefation low-, medium, andhigh-fidelity, seeAppendix Afor the
details ofthedesign iteations. During the loviidelity sketching phase, we considered both group
and personal territorigScott & Carpendale, 2010 the tabletop system as candidates for persistent
information displays. A wide range of design factweseconsidered, such a&se interactivity of the
displays, different types of historical informatjatifferent levels of details, chronological gpatial
representations, and use of individual devices. For the group workspace, we decided to focus on
designs that provided feedback of automated and player actions to enhance situation awareness and
workspace awareness. For the personal workspacegoigked to provide detailed historical event
logs to mitigate the distractions in the environment, as they were found to be beneficial for reducing
response time and error rate ([3phn et al., 2005; Sriaan & John, 2003)

In the mediurfidelity phase, we created digital meaks of the sketches. We considered a wide

variety of design alternatives such as textual vs. graphical event logs, various interaction mechanisms
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with the timelines, different eels of detailsand showing detailed information on demand

Furthermore, we considered different encodings of the detailed information such as colour, size, text,

symbols, and a spatial map. For the group workspace, we decided to provide historicatioform

in-place, on a node when players interacted wjtbo that the information is placed at the centre of

pl ayersé attention to reduce searching time. For
event timeline for its benefits in improvatterruption recover time, decision accuracy, and quick

recognition of crucial informatio(Sasangohar et al.024) Furthermore, it provided a space

efficient way to provide additional i nformation o

allow for quick perception of changes.

In the highfidelity phase, the chosen designs were implemented. Feetdbtne group workspace
introduced a substantial amount of clutied was removed from the interface. For the personal
workspace, the timeline design was iterated to refine the layout, colour palette, icons, and input
interactions. Through the iteratimof our design, we discovered open questions for adapting the
timelines to a collaborative tabletop environments, these questiongfirmeagily been studied for
single-user applications. We next discuss the conceptual design of the interactive evard,tane
the design factors chosen to study the timelinebs

Section3.5.3presents the detailed design of thalffimteractive event timeline.

3.3Conceptual Design of Interactive Event Timeline

To addresgheissues introdued by the use of automationdigital tabletop systesnwe explore

usinginteractive event timelines to provide persistent informasidmstorical system eventSuch
timelinesalsoprovide the information in a visual form theduldf i t wi t hin a personés f
despite the large size of the table. To gain awareness of the current system state cayddrson

examine and explordéi¢ timeline, which provides an overview of historical ev@rigure 3-1B and

Figure3-1C). To get more irdepth information, thegouldinvoke further feedback on the shared

display or on their personal asg&igure3-1D).

Based on the exisiy literature, we considered two key factoradaptinghese timelinescontrol
placementindfeedback locationThe control placemerfiaictorwas primaity to investigatesituation
awareness. As we adapthe concept of timelirgthat was successful for singleser applicatiosito
multi-userapplicationsthe immediate questisrwere how many timelines there should be to

facilitate situation awarenessho should novown the timeline andwhethera shared timeline or
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individual timelinewould better facilitate situation awareneBsirthermore, the detailed information
thatwasshown on demancouldbe displayed in both the group and personal workspaces, impacting

pl ayersé situation awar eness effeddbasoirthegrmpupce awar
spacewouldallow forinc ont ext feedback and wor kspace awaren
interactions, showing feedback in the personal spacsd minimize the amount ofisual search

time. Thusfor the feedback locatiora¢tor,we were interested in where to display the feedback of

timeline interactions andhetherfeedback in the group or personal workspagesid better

facilitate situation awareness and workspace awareBassd on these questiomg investigated the

control placement and feedback location factohe following subsections describe the two factors

and potential tradeffs in the designThe details of thexisting work mentioned below were

previouslydiscussed irection2.3.

3.3.1Control Placement

The event timeline ia visualization of historical events as well as a control for invoking detailed
informationof the automated changdiswas unclear how to distribute and place the timelines to best

support situation awarenemsd workspace awarenessa group setting.

Morris et al.(2006)compared providing individual replicated system contratsiiad the border of
a tabletop system with a single, shared control in the centre for a collaborative photo tagging
application. They found that while individual controls were preferred, the groups were more
collaborative (i.e., more labels per image) wieimg the shared controlBhis result suggests that
shared timeline may contribute to more collaborative work and improved team situation awareness
(e.g., joint investigation for all team membeikdhwever, it is unclear how well shared timelines

suppat individual situation awareness since users need to coordinate their use of the timelines.

Ha et al(2006)comparedlirect touch and mouse pointers for a{mayer competitive image
search game on digital tabletopsdtheir resultshowthat the direct touch condition allowed for
higher levels of workspace awareness and resultedénkq@ r r esponse to opponent
et al.(2007)studied five different interaction techniques $electing, moving, and rotating images
for two collaborative tasks: an image sorting game and a storyboarding activity. They similarly found
that the interaction technique requiring explicit input in the shared space (i.eand¥dgpp) allowed
foreas er tracki ng ofandhelpedeid confletingacter@NVhdegarticipants

may have higher workspace awareness using the shared control, it was unclear how individual versus
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shared timelines woul d i nsgRrovidingpeplicated tmelpesnt sé si t ua
allowseachuser toview and manipulate the timeline for the purpose of maintaining situation

awarenessAs the current research still lacks understanding in how the placement of timelines

i mpacts user s 8s we exanired thexontrobplaecementrfagtor.

3.3.2Feedback Location

Another design consideration is where to provide the visual feedback relatedtos e r 6 s e x pl or at
historic system events. Information about the event can be displayed locally (onefiveedior on

the shared area of the tabletop. These design alternatives may better facilitate either individual control

or group function, respective(sutwin & Greenberg, 1998Pisplaying feedback on the timeline
provides a consistentlocath t o | ook for the informati on, and it
the other hand, feedback in the shared area provides more contextual information of the overall

situation to the individual. This feedback locataisobetter facilitates feedtbughd the observation

of shared artifacts in the workspace to gain awar
(Pinelleetal.,2008) by maki ng col |l aborator sé aé¢tldweverntlke mor e Vi
size of the display may still necessitate searching for the feedbtek $shared workspace, making

situation awareneseai nt enance more difficult for individual

the shared area may make seawgimore difficult and distraaisers.

Existing work that explored the impact of specific inméthods and interaction techniques on
workspace awarene@da et al., 2006; Nacenta et al., 20prQvides insights that helped us
hypothesize how the different feedback locations may impax¢space awareness. However, our
timelineswere designed for situation awareness maintenavigeh is a different godtrom the
previous work Thus,the Timeline Study presented in this chapter @hdpter 4nvestigatedhe
timelineGs impact on situation awareness and the traffebetween providing awarenessd

reducing distraction

3.4Research Questions

We sought to understand the utilaf/differentdesign fators for adapting interactive event timelines
to collaborative tabletop applicatiorgpecifically, wewereinterested in the following research

questions:
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1 How docontrol placemenandfeedback locatiomffect situation awareneasd workspace
awareness

1 How would the timelines be used irtallaborative tabletop applicatioh?hat are the usage
patterns for different design factors?

1 Given that users may gain their situation awareness from multiple sources in a collaborative
environment, what roles do usérs ¢ o mmu with eazh oth@andthe different system

features, including the timelingslay to facilitate situation awarenassinenance?

3.5PandemicDigital Tabletop Game

We digitizedthe cooperative board game, Pandemic, onto a digital talsestem(seeFigure3-2).

See the permission to use the Pandemic board game in Apfehdibhe Pandemic game is a

popular commercial board game fbree tofour players Players work together as a team of

specialists, with distinct roles and abilities, to save the world from epidemic outbhetyfscal

game is about fortfive minutes.The Pandemic game requires intense collaborative actisit@sas
forecasting of game states, plannfagactions in advan¢c@andmanagingesourcs. By using games,

we can have a more rapid, hurr@emtred prtotyping process, since reciiag experts of popular

games is easier in our community than recruiting experts in other complex daviaiesver, we

have more control in manipulatimgrameterén a gamee.g.,degree of difficulty. lrour previous

projed (Wallace et al., 2012)ve used thandemic game ascase study, and found that tersion

of thedigital Pandemic gamelicitedalack of situation awarenestue totheautomation of game
mechanics. The study participants were often confused about what specific automated actions took
place, and thus, had difficulties strategizing. Considering both the practical concerns and the potential
contributions in providing awareness support in such a context, the Pandemic game was used as the

study context for the firstudy.
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Figure 3-2: The Pandemicboard game was used to study awareness support in tabletop syste

(Left) A screenshot of the game interfacdabeledwith participants 6 s doeationsnbgsed on
the orientation of the game map (Right) A group was playing the game

3.5.1Pandemic Game Rules

In the Pandemic gamelagers win by curing all the diseases, and lose if they run out of time (not
having enough cards to draw from) or if the game state is out of control (too marga&stor

diseases)A player turn consists of three phases; dcw, and infect. Ryers first carry out their four
actions through careful planning and strategizargl some of the actions include movio@ city,

treating a disease at a ciggchangng player cardsandbuilding a research station fonore efficient
travels.They will need to balance between keeping the game state under control (i.e., not to lose the
game) and spending actions for cure discovery (i.e., to win the game)iidgxtirav player cards,

which they collect to trade for the cure. At the end plagerturn, theyactas the game board

(opponent) andraw infection cards that determine which citiestareeinfected with new diseases

(in reality, players place wooden cubdséases) onto the gammap based on the cards drawn).
These three phases repeat for every playerds turn
phases to act, draw, and infect.

Players periodicallyare faced with special events, OutbreaksEpidemics, which increase the
difficulty of the game as they happencity can contain a maximum of threlessease cube$Vhen
players need to add a fouxthbe, an Outbreakventis triggered All the neighbouring cities

(connected cities on the game majl) be infected with onedditionalcube.Epidemic evergappear
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periodically throughout the game, and our digital game has six Epidemic events in‘a Y4mee an
Epidemic event is drawn (in the draw phase), players need to take several steps td rashlding
drawingcards, shufflinghe infection discard pileand placing disease cubes. It requires players to
reshuffle the previous infected cities into thiectiondrawpile, whichincreases the chance of
infecing the same cities agai@onseqently, the potential for QtbreaksncreasesSince these
events have large impacts on the game state, players have to stay aware of them to effectively
strategizeThey also need to adjust their strategies in time based on the urgency of the new changes.
However, as the game progresses and incs@asemplexity, carrying out these changas be time
consuming andequire both manual and cognitive worklaadHandling complex sequences of
infectionscan also be quite confusinmee one event can triggenultiple other events. For example,
an infection may trigger an outbreak, which may then trigger another outbreking thenchained

events

3.5.2Digital Adaptation of the Pandemic Game

Our digital tabletop adaptation version of Pandemic provided automathaig reduce manual

workload and to enforce rules. For example, the system automated game board (the opponent) actions

by placing disease cubes basednfectioncards drawn, coutbreakandepidemiceventsilt also

automated the drawing of player carfibe digital gamedopted the same rulasleverage the

originaAldesi gner 6s expertise i n e mpowigaugdameplayc ol | abor
Moreover,we minimized the training time required in the user study by recruiting experienced

Pandenic players.

There was ondivergencean the digital gameule. Due to the nature of automatidhe automated
game events happened instantly and there was no way for players to pau3éénerare five
special cards in the game that give playerstane special actions. In the physical game, players are
allowed to use it at any tim&ince the digital game did not provide a way for users to pause the

automation, playersadto use this card either before or after the automation. Consideringgtbae

0n the official game rule, players can choose the number of Epidemic events ineafrgan four to six
Epidemics. More Epidemic events make the game more difficult.
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have no control over when dynamic changes happarany other contextsve decided to not to

allow for pausing automated events.

Moreover, the digital game did not provithee same level of flexibility as the physical game
Players cannot make up thewmhouse rules, and there was a fix set of rules to follow. Due to the
time constraint in implementation, the game did not provide an undo function. Howevengusialo

actionis considered as ché&ag by some board game players.

We modified thevisual degyn of the gameo reduce clutter. For example, most of the decorative
graphics on the map were removed to reduce clutter. While we kept a consistent colour scheme as the
physical game, we adjusted thentrast and brightness of the colours used to maedppropriate
for tabletop systemd hevisual icon designs and terminologigsre kept consistemb leverage
participantsod exi stWemiprmédrou partieiphrgseaboat the differenceg ia me .
the digital game in our study, and there®mao major problems with the slight alterations.

Any events that permanently changed the game state were reflected in the game iintduitiing
both automated changes and actions conducted by plahergaime conveyed the changes through

the followingthree system features.

Board. The changes were reflected on the game boahddingdisplaying disease cubes on the
map and counters around the map (eggnainingcards, epidemic counters, amuainingcubes)
seeFigure3-3A to Figure3-3D. Moreover, after automated system events, three seconds of system
animations appeared highlight the changes ohé relevant cities (séegure3-3E to Figure3-3G).

Different types of system animation were used to represent infection, outbreak, and epidemic events.
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Infection Discard Pile. The system provided a limited history of previous infected cities in a
textual log format, contained in the infection discard pile EBgare3-3H). The pile was periodically
emptied into the infection draw pile when an epidemic event occurred so it only contained limited
history since the last epidemRlayers could open the discard pile via a button on the top left of the
interface(seeFigure3-3B). It initially opened at the centre of the game map, and can bedy
dragging the pile.

B

|
=i
; :
B

Figure 3-3: Mechanismsfor providing feedback of the game stateA) The game map
presented the current situationincluding player location, disease spread, and research
stations. B) The remaining piece panel showethe current number of game pieces and cards
in each category. C) Tle outbreak counter shoved the number of outbreaks so far. D) The
infection rate counter shoved the number of epidemic events so far and the number of
infection cards the system would drawfor each turn. The system animations foeutomated
events incluced E) infection, F) outbreak, and G) epidemic. Playersould open theH)
infection discard pile from the remaining piece pane(B) to see a limited history of previous
infections drawn by the systeml) An interactive event timeline contained a full history of

the system andplayer actions
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Interactive Event Timeline. The interactive event timelines provided a complete record of events

that happened throughout the gaare is presented inegStion3.5.3below(seeFigure 3-31 and
Figure3-4).

St. Peters. Osaka
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Figure 3-4: Design of the inteactive timeline (configurable version).Users couldA) toggle the
feedbacklocation on the board and on the timelineaswell as B)closeand open itat any time.
C) The overview bar showed all players turns so far with symbols denoting important game
eventssuch asD) epidemicsand E) outbreaks. F) A viewport could beusedfor selecting a
timeframe to show inG) the detail view.H) A playeré turn containedthree rows,
corresponding to the three game pases Each blockrepresented an action carried out by
either the player or the system, andblack bounding boxes grougd related game events
together(symbols denoting the type of the event e.g., arrow for moving to different cities,
bottle for discovering a cure, and +f for adding or removing game pieces).) Selected event
had a thick black bounding box Location details of the selected event wer@) shown on the
timeline as a map cuwout and K) highlighted by a replay animation on the map Different
events hal different feedback,J) and K) for an outbreak event,L) for an epidemic event, and
M) for an infection event (plusa cube symbol orthe timeline).
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3.5.3Interactive Event Timeline

We designed an interactive event timelireg(re3-4) t o i mprove playerso6é awar
automatedhctions The design was based on a task analysis of experienced to expert players playing

the physicalPandemic gamedollowing the steps of goalirected task analys{&ndsley, 200Q)We

first defined the goal of the game (i.e., win by discovering four cures). We then identified-the sub

goak (e.g., keep diseases under control to allow time for collecting cards) and decisions to be made to
achieve them (e.g., determining the top priority cities to treat next moywledge needed to make

these decisions was then defined (eligease distioution andinfections coming up). See Appendix

B.9 for the goalsand knowledg defined through this process. Based on the information need, we
considered different design alternatives.

Furthermore, the timelinweas desi gned to fit into a playeros
based on prior research on tabletop territoridfgott & Carpendale, 2010Yloreover, itpersised
on the game board, allowing playersetglore prior game evenas any timencludingboth player

and computer action¥he timeline showed history for one game session.

Thetimeline consistd of two main @mponents: anverview(Figure3-4C) and aletail view
(Figure3-4G). Theoverviewprovideda high level view of the game progressiomd ahedetail view
providedinformation for all the game actions that occurred during the selgctefitame

Milano

Paris

Figure 3-5: Interaction with the timeline. A) Users could drag aviewport to navigate through
all pastplayer turns, as shown in thedetail view in B. B) Touching a game event in theletail
view invoked Left ) a replay of the changes on the magnd Right) static location information
onthe timeline.
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Theoverviewshowede ach pl ayer és t ur n icodedblytheoigammé ogi cal ord
player colour (orange, yellow, and whit&he first turn in black represented the initial game setup
automated by the syste®ymbols on th@verviewdenota& special events (epidemic and outbreak)
that happened during the particular turns. Plageutddrag the viewportRigure3-4F) or tap on a
given player turn on theverviewto navigate through the game history. Dragging the viewport

updatel thedetail view in realtime (seeFigure3-5).

Thedetail view contairedthe player turns currently selected. Each turn catistthree rows
corresponding to the three phases in the gameact, draw, and infecf3eeFigure3-4H). The first
row representeglayer actions. The second and third rows represéwb types of automated
actions: cards drawn for players and citidected. Each block representezhe game evenkEigure
3-41) with a symbol denoting the type of event. Related blocks are grouped by a black bounding box.
The colour of each blockasderived from the colour coding scheme used in the Pandeaid b
game. The timeline providexlcompachistory of game events.

The game event blockserealso interactive. When a game event blaeisselected, additional
informationwasdisplayed on the gammapand/or next to the timelind&keplay animations triggered
by players wereolour codedy the player colour, and differentents have different animation.
Figure3-4Jto Figure3-4M illustrate the refay animation, andrigure3-3E toFigure3-3G illustrate
system animation faxtutomated events. Other than the new diseaseeifay animation for theest
of the game eventsasan arrow pointing at theelated cities on the map. The arrows were pointing
toward the centre point of thieneline that the interaction originated rinpseeFigure3-6. We
expeceédthese cuesteducec onf usi on, provide awareness of wusers

and facilitate searching for feedback oa glame map

The map cubut on the timeline reflected the state of the city at the time of the particular game
eventincludingthe number and types of diseases as well as any research stations on the city. We
provided the game state information and theneated city to provide context to the game event
selectedWhen newautomated eventsappened, they were appendedltdimelinesin the game
(e.g.,Figure3-7). Onee users started a new turn by executing new actions, the timelitieeatically

scrolled to show the current game turn.
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Figure 3-6: Arrow feedback that animated player actions.When users tapped on glayer
action or a player card timeline event, an arrow animation appeared and it pointed in the
direction of the timeline. In this example, the white arrow was pointing at the white
playeré6és timeline.

Figure 3-7: Interactive event timelineupdated as new automated events were being animate:
A) A cut-out of the initial state of the data and the timeline. B Automated system changes (ar
outbreak) appeared with pulsing animation and then faded away. Cyhe changes were
reflected on the timeline, shown in the last row
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3.5.4Implementation Details

The Pandemic tabletop game was implemented in Proc€ssitithe backend logic using Java. A
multi-touch library, Simple MultiTouch Toolkit?, was used for handiig touch inputs. A logging

library, Apache Log4j?, was used tfacilitate the process of generatitigg computer logs.

3.6 Study

We conducted a laboratebased study to understand how the two design factmnsiol placement
andfeedbackocation impacedu s esitusition awareness and timeline usage. Participants played
the Pandemic game with different design alternatives of the interactive event timedlaeswered

questionnairefor usto evaluate their situation awareness and experience.

3.6.1Participants

Participants were recruited from the local community, specifically targeting experienced Pandemic
players. Players had to sign up in groups of thFbety-six paid participants (twerntthreemale,

thirteen female, ages twentwo to thirty-six) wererecruited, with all team members having previous
experienceplaying Pandemic prior to the studyur participants came from a wide range of
backgroundncludingstudents, researchers, accountants, engineers, and paskgiarticipants
hadused touckenabled devices prior to the stuéhpr this chapter and the resultsOhapter 4the
participants are denoted agol number, seating positod=0r €Xample, Prignt denotes the right player in

Group 1 (based on the orientation of the game map).

3.6.2Equipment & Setting

Each group of participants was seated in the | ab
(382A 60 p ix6h for scke2risize) with an embed@&€Labs frame to detect touch

input. Two participants sat at the short edge, and one participant at the long edge, to avoid the

1 https://processing.org/
2 http://vialab.science.uoit.ca/smt/
13 http://logging.apache.org/log4j/2.x/
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situation of one participant seeing the game board upside @eeRigure3-2). The computer was
running 64bit Windows 7 usingn Intel® Xeon®@ CPUEBI60 3 @ 2. 80 GHz with 4 Gl

Two digital camcorders were placed at different angles to capture the game gfssitalsview
and ovetthe-shoulder view, seBigure3-8). Three additional laptops were used for administrating

the questionnaires. We used the online survey tami,e§ Monkey’, for our study.

Figure 3-8: Two camera views in the user studyTop) Frontal view. Bottom) Over-the-
shoulder view.

1 https://www.surveymonkey.com/
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3.6.3Study Design

There were two study phases. Phasean@lemic Gallengesysought taunderstandhow the following

t wo

factors

af fected

puang & meddesmniseeIable3sl): t uat i on

1 Control placemenibetweenparticipant¥ 2 levels(shared, individual)

1 Feedbackocation(within-participant¥ 3 levels(nextto-timeline, onboard, both)

Control Placement
Shared Individual
X Timeline 1 4
O C
& O
S5 Game Board 2 5
O O
o O
w - Both 3 6

Table 3-1: Factors and levels in Phase 1 of the Timeline Stud@.ontrol placemenis a between

participants factor, and feedback locations a within-participants factor. All team members

use the same timeline configration.

Shared

6F:00:00

Figure 3-9: Control placementonsisted of two levelsA) A movable timeline shared among a
group. B) Replicated ndividual timelines

wi t h
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For control placementhalf of the groups used the shared cosfffeigure3-9A) and the other half
used the replicated individual contr@isgure3-9B). All players in the same group used the same
type of controlsThe order of the three feedback locations was counterbaldPlesers played three
partial games, called Pandemic caalies, with either shared or individual controls, and they saw all
three types of feedback locations. Typical Pandemic games increase gifigthie game progress.
By challengingparticipantgo start hakway through a game, theyerepresented with anore
difficult situation where they lthto work together to understand previous game events and strategize
to decide on future actiond/e intended to observe more intense discussion and complex behaviour.
Moreover, we created a situation where participamiy use timelines to understand historesadns.
Another practical concern wés keep the studwithin a reasonable length of timenderthree
hourg to reduce the impact of fatigue. As a playthrough of a physical Pandemic game typically takes
about45 minutes, playing a full game for each condition would limit the number of design

alternatives that can be tested in one sitting.

The widgets for toggling feedback locations and opening and minimizing the tinfélineg3-4A
andFigure3-4B) were removed in thishase. The shared timeline could be moved and rotated at any
time,and the i1individual ti melines were docked to t
replay animation matched with the timeline colours (i.e., purple for the shared timeline and white,
green, or orange for individual timeline§iven that tks study was focused on determining what the
impacts ofcontrol placemenandfeedback locatiodesign alternatives were on awareness in a
collaborative tabletop context, a-timeline condition was omitted from the study design as it was

less relevant tanderstanding this research goal.

In Phase 2Rull Game), participants played a full game with a configurable version of the timeline
(Figure3-10), andall groups ha the same game setighase 2 provideghore realistiausagedataof
the configurabletimeline to inform further improvemesandto understandhiow it was used to
facilitate situation awareneszintenanceA full game typically takes six to eight rounds.
configurable timeline allowed participantsdpenand minimize their individual timelines at any time
(Figure3-4B). A group could openp to three timelinesand the timelines were movableaioywhere
on the tabletop. Each timeline allowed playersustomize the feedback locatifmo feedbacknext
to-timeline, onboard, or both) vizhe toggle widgets at the top of the timeli(fegure 3-4A).
Minimizing and reopeimg the timeline kept the feedbatdcation configuation the same.
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Figure 3-10: The configurable timeline used in Phase 2.

3.6.4Procedure

The study sessions lasted approximatety anda half to threehours.The researcher first welcomed
the participants and provided them with the overview of the study and asked them to complete the
consent forms (see Append®2i B.3 for the information letter and consent formRarticipantghen
completed the background questionnairestaadwo study phases: BandemidcChallenges and 2) a
play through of a full gameFigure3-11 depicts the flow of the study.
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Phase 1- Pandemic Challenges

After the researcher explained the game interface (see study script indApPes), participants
played with the Pandemic game withautytimelines for ten minutes and completed the gpiay
questionnaire. Study quémnaires are disssed in 8ction3.6.5below. Then, with the same
procedure, participants practiced on the same timeline variant thegt see in the first Pandemic
Challenge.

ForeachPandemic Challenge&al, participants started in the middle of an ongoing Pandemic
game In the initial study design, the participants started half way through the game, and the map and
the timelines were already populated with the historical eveluwever, thepilot tests showed that,
participants tended to ignore historical events and strategized based on available information on the
game mapThe perceived manual and cognitive work of navigating and understanding historical
events may be the baar. After testing several alternative designs (e.g., quizzing participants at the
start of the game), the animated walkthrough approach was most efficient for the parti€ipasits.

the game first animated through all previous historical events on the map, and the events are

» Introduction | Background
E.o and consent Q.
2
— @
v < G | G I
e g Tutorial BTEP _ay Gameplay Q. Tutorial z-zme;-) ay
2.8 no timeline timeline
o £
<
E TSI Cameplay .- s (PN Gameplay O. [ RN Gameplay Q" = preference
design 1 SA Q. design 2 SA Q. design 3 SA Q. Q.
L@ Tutorial Cor}ﬂgu_rable Gameplay Q.
~N £ timeline
g @
29
=5
w- Debriefing Interview |
Legend

) . Data
[l Explanations Trials . '
: collection ¥

<

Figure 3-11: Flow of the Timeline Study.The Timeline Study consisted of two phases: Phase
(Pandemic Challenges) and Phase 2 (Full Game). Phase 1 asked participants to play three
partial games, each for 2 rounds. The three conditions varied in the feedback locations. Phe
2 asked participantsto play a full Pandemic game with timelines that could be freely
configured in its feedback locations and could be opened and minimized at any time.
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appended to the timeline one by one as the animation took pldce ani mat i on dr ew
using a spotlight metaphor by greying out the unrelptetiof the game board, seigure3-12. We
constructed three initial game states (scenarios) from real gameplay with some controlled parameters
such aghe number bcritical events that happened and the number of cures discovered. The order of
the initial game states was randomly seleciéw animated walkthrough to@bout three and a half

minutes

Figure 3-12: A screenshot of the animated walkthrough at the beginning of the gameBhe
animated walkthrough used a spotlight to highlight changes to walk users through the
initial game setup and the three scenarios.

Participantgplayed for two rounds (two turnsrfeach player)Then, the gamstopped at a random
time during the beginning of the thirdund andparticipantavere asked to fill out a pesbndition
questionnaie individually. The cutoff time for each trial was random (but within a period of titee)
minimize the behaviour of memoriziggame statéWe didinform participantsabout the situation
awareness test at the beginning of the first trial due tiba@rved learning effect in our pilot studies
The postcondition questionnaire consisted ofangeplay and a situation awareness)(SA
questionnaires (discussed iacBon3.6.5below). The order of the three SA questionnaires was
randomly selected. Participis were asked to rank their preferences of the timeline alternatives at the
end of this phase and to provide fifeem feedback.
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Phase 2- Full Game

After the researcher explained the configurable timeline, participants played a fulllgeargame
carried out the initial setup and animatéem which took a minute and fortgevensecondsAll
groups had the same gaseenarioThey completedhe gameplay questionnaire with a free form

area for any additional commergtier the game

By allowing partici@nts to play uninterrupted, we could gather more realistic data on the timeline
usageWe sought to observeraorerealisticusage of the timeline tgain insights into how it was
used for situation awareness maintenandgefoom furtherimprovemens.

At the end of the studyhe researcher debriefed the participants with the goal and details of the
study(see AppendiB.4), and conducted an unstructured intervieweiceive any additional
feedback.

3.6.5Data Collection

Varioustypes ofdatawere collected during the studhcludingvideo recordings from two different
angles, screen recordings, computer logs, audio recordings, and questiolhaigsnputer logs
capturel all touchinteractionson the timeline, e.g., tap, rotate, open, and close timelines as well as
toggle feedback locationik additional to the timeline interactions, the logging atstordedall

touch points in the game interfa@@eg., moving a playgrzawn and opening a menu). We also logged

theautomated events apthyer commands.

Questionnaires

Several questionnaires were used throughout the study. The background questionnaire can be found

in AppendixB.6. A gameplay questionnaire and situation awareness (SA) questionnaire were used as
postcondition questionnaires to understgantl ayer s® si tuati on awareness,
workload, and genelrareferencen each conditionA preference questionnaire was used at the end

of Phase 1, and it asked participants to rank their preference of the three timeline feedback locations
(see AppendiB.7). Players filled out a gameplay questionnaire at the end of the Phase 2 as well.

The gameplay questionnaensisted ofhree parts. First, Blayer Experiencef Need
Satisfaction (PENSRyan et al., 2006urvey was used to measplayes §aming experience
Second, NASA TaskLoad Index (NASATLX) (Hart et al., 1988%urvey was usefibr measuring
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workload Third, there werequestions on their general awareness of the game and the team members
See AppendixB.8 for the exact questions used

We developed theituation awareness (SA) questionnddyefollowing the steps outlined in the
SAGAT methodologyEndsley, 1988, 2000The goaldireced task analysis was conducted as a part
of the iterative design process during the timeline design. See Se&isfor the description of the

process andee ApendixB.9 for the goals and knowledglefined through this process.

We created an initial set of twentyo SA questiongsee AppendiB.10) based on the knowledge
required Three researchers then independently classified the SA questions into three levels of
situation awareness (SA$A3) as defined by Endsl€¥995) The three raters agreed on thirteen
questions (inter at er r el i abi | i pxy00l), &Nd the renmidingiepspwar¢g = . 54,
discussed to determine their classification and iterated until consensus was reached. Through this
processthreeadditional questions were derivedsulting ina total of twentyfive questions (thirteen
for SAL, seven for SA2, and five for SABecause sixinigue guestions were required for each SA
level ¢hreesets oftwo questions per SA level), two researchers devised one final SA3 question.
Questions were in the form: finame one city/ colour
anay fr oméo. For exampl e, AName one city that was
of cities (if any) that may create a chained outb
for the current ¢game B.lifoadl e the SAQE#iIBNSINcCe faeiepamsp pe nd i X
played three timeline alternatives in Phase 1, we divided the SA questions into three questionnaires
with equal numbeof questions for each SA levedge AppendixB.12 for thethree SA
questionnairgs See AppendiB.13for all surveys used in the printed format as in Survey Monkey.

We conducted four pilot studies to iterate on the desifthe interactive event timelinhegame
interface and interactigrndthe user study. The pilot participants confirmed that the questionnaires

required intense thinking but that the questions were clear.

3.6.6Quantitative Analysis

For the quantitative analysis, we focused ongdmmeplay and SAuestionnaires as well as the
computer logsThe SA questionnaire results were scoredcasect(1), partially-correct(0.5), and
incorrect (0) for each questioRor the computer logs, we extracted two types of player interaction

with timelines:navigation when participants expladedifferent turns by dragging the viewport or
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tapping the overviewHigure3-4C); andinvocation of detajlwhen participants tapped or brushed

game events in thaetail view Figure3-4G).

Although we iterateddnthe SA questionnaire through our four pilot studiesijrdy the data
analysis, we had to reclassify one SA quessiod drop two SA questismalue to potential
misinterpretation ofheir meaning.For one SA2 questigiparticipants were asked to hame the colour
that requiredhe most attention now, which we intended to be the colour with the fewest remaining
cubes, (i.e.comprehension of changes, SA2), but participants interpreted this as the colour that
would likely be depleted in the upcoming féwvns (i.e., forecasting, SA3). Since participants
uniformly interpreted the question differently than intended, this quesis reclassified as SA3,

We found that two other questions might have been misinterpreted and lead to incorrect assessment
of the participan8SA. One question asked players to estimate the number of turns until the next
epidemic game event, butnofeot he parti cicpreadbt s .cClhbereavere thigydo t he A
out of thirty-six players (88.9%Wh o r e c eincarrecti & .bABhough the game only
aut omated game mechanics, participantsbescomment .
showed distrust toward the game. Participants believed thabtmguteiwas malicious andvas
intentionally making the game more difficult when shuffling and triggering epidemic game.events

This distrust may have led &m unrealistically pessimistmutlook of the situation.

The second dropped question contaiaecerror, which referred to a differegame phasthan
intended. d was unclear how the participants may have interptéisadjuestionThe questionnaire in
our final analysis nonethelesstchan even spreaaf questions across SA levels (six in SAL, five in
SA2, and fivan SA3).

A playerds SA scor e f o takingthecallerageadfl questionstve i s c omp |
analyzed th&A guestionnaires using acdntrol placemenk 3 feedbackocationrepeated measures
analysis oftovariance (RMANOVA). Since the SA score Bn averagethis measure is interval data,
which is most appropriately analyzed by a parametricstest alANOVA (Norman, 201Q)An
intraclass correlation analysis showed that situation awareness scores of the participasse the
group correlate (IC¢3=.66,p =.02), so we have included group as a covariate when the data is
analyzed at the individual participant leiet., using ANCOVA when appropriaté)/hen analyzing

correlations, dirst-order partial correlation controlling for group effects was used to test the
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relationship between situation awareness scores and interaction count. When relevant, scenario order

and SA questionnaire order were included as betywaeiitipants covastes to mitigate order effects.

3.6.7Qualitative Analysis

For all the freform comments participants provided in the questionnasres,esearcher
constructed an affinity diagram to understand their feedback and form themes for our findings. It was

also usedo understand the benefits and disadvantages of the different design factors.

For Phase 1Randemic Challenggs t h eintevastierswittbthe timelinesvereextracted from
the software log to plot the traces of interaction. This was done to gaintgisighwhat timelines
were used for by our pagtpants in different conditions.

For Phase 2fll game, two researchers analyzewhtfull game sessions with an open video
coding process. One researcher watched the videos and took notes of padicipdntss c ussi ons and
activities related to timeline usage and situation awarenasgenanceAn initial set of codes was
then established, and two researcliesd ed f or p |l ay e r fedureinihesystemmct i ons wi
and their discussion with teammste.g., interactingvith timeline and discard pile, pointing at the
game boardysingdeictic referencefor game citiesas well as announcing, narrataugddiscussing
of automated events. The codes were revised until an acceptablaiateeliabilty was reached
(79.39%) and then the rest of the videos were co@egTable3-2 for the codes used and their
definitions, and see Appendig.14 for a more detailedode desgption.
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Code name

Code description

Timeline

Open timeline
Minimize timeline
Timeline - log
feedback
Timeline - board
feedback

Discard pile

Point

Look at board

Announce

Deixis

Explicit reference

Implicit reference

Discuss
automation results

Correct each
other
Strategize

Checledinformation in the timelines by looking at timelines or
interacting with theany cube$n the overview and detailed view.
Players opesadtheir timelines.

Playeraninimizedtheir timelines.

Players toggle the log feedback on the timelines (either turn on or of
the feedback on the log).

Players toggle the board feedback on the timelines (either turn on ol
thefeedback on the shared game map).

Opereddiscard pile to check cards in the pile

Players sal theirhands to point at a particular city or area of the map
for the purposef drawing other players' attentiomthe map.

Looked at the map on the tabletop

Announcel automation results after watchegistem animatics)
watched ot hersdé timelines, wat
interactedwith timelines Or narratel automation @sults while watching
system anirations or replay animations

Referedto a location on thenapby using deictic expressions that
cannot be understood out of contéxiy., go there; treat here)

Explicitly mentioreda location's name (e.g., go to Tokyo).

Players referred to a location withouentionng a location's name or
usedeixis. For example, one player could sagve, teat, and build
research station, and another player could carry out the actions at t|
appropriate citiesThe locations were assumed, usually based on
previous discussions.

Players asid others for informatiormbout automated game actions.

Players corre@deach other'’knowledgeof the automation

Playergropose a strategy and explasd why.

Table 3-2: Definitions of the video codesWe coded for awareness information maintenance
behaviours and interactions among players.

Next, we focused on codes most manteramnca nt to par

includingl) looked at or touched thienelines, 2) opeedand clogdthetimelines, 3 toggled

feedbacHKocations 4) operdtheinfection discard pileb) discused automated game events, and 6
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Category Results

Definition

Purpose of | Investigating

interaction automation
results
Prioritization

Initial
timeline
tweak
Automated
game setup

Other

Outcome of | Correct

Incomplete

Unknown

N/A

Participants sought to finout the type and location of an
automated event that took place as well as conneaction
between automated events.

The participant action was ftine purpose of gathering
information to predict future game state and prioritize playe
actions

Participantsnteraced with the timeline to understand its
functionality and configure it ttheir preferences

Participants sought tanderstand the initial game state that
wasautomatically set up by the game.

The coded instance was for amthe purposes, such as playe
and rotatedhetimelines. This category also included instan:
that could not be classified by the researchers ifigufficient
information.

Participantsuccessfullyobtainedcorrect informéion.

Participantsuccessfullybtainednformation, but the
information was incorrect.

Participantsattempted to seek information but were unable
obtain it or gave up on seeking the information (or asked tt
researcher)

The researcher wamable to determine the outcome of the
interaction based on the available information in the videos

Players had no intention of seeking information.

Table 3-3: Classification definitions of the video codesWe classified the codes most relevant
to situation awareness maintenance based on the purpose and outcome of the interaction.

correcede a ¢ h  &nowleelgeds the automated eventsor all instances, &classified thgurpose

behind the observed actions and discussions as well as whether the participants achieved their goals

as listed inTable3-3.

Furthermoreto understand how players made use of vaggagem features faituation

awarenesmaintenancewe sequenced the codes based on game events investigdted by

participaris. We also extracted the treat diseases game actions from the software log and included

them in the sequence to understand the impactaofr i ou s

s y sshge on decisiom makinge s 6

With the coded actions and the treat disease actions, we examindédevhet p|l ayer s 6 i

nvest.i

particular game events led to game commands to address them, for example, a player asked about the

new infections, another player checked the timeline and found that Moscow had an infection, and the
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infection was treated in ¢hsame turrWe classified each sequence based on its pugfosteraction

andthe purpose has been achieved (refer to Outcome of Interaciliable-3).

Throughthe video analysis, it became apparent to us that the codes classified under automation
results were most closely related to the perception and comprehension levels of situation awareness.
In the process ahaintaining situation awarenessaaftomation, prticipants were investigating and
verifying the exact new automated events that took place to understand the overall game state. On the
other hand, the prioritization actions were most relevant to the projection of future game states as

participants gattranformation to determine their urgency.

3.7Summary

This chapter presented the design of the interactive event timeline and the user study design for the
goal of understanding how to adapt it to a collaborative tabletop setting. The study design also sought
to provide empirical data to evaluate the effectiveness of the timeline design and gain insights into
how it wasused for situation awareness maintenambe. next chapter presehe findings from our
gquantitative and qualitative data analysis to urtdedsthe impactof the design factors tested and
participant sd usage of mantemadeDesign kssdnolearnedithtough t i o n

this studyis also presented
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Chapter 4
An I nteradimeéi Beehor Tabl e
Invol ving ARutnodmantd sohi scussi o

Our analysis revealed thitte timeline was beneficial for situation awarefregsdividual timelines
resulted in higher situation awareness, and amount of interactiothetthelines positively
correlated with situation awaress. The feedback at both the game board and the timelimaniasl
as themost preferreanode of timeline alternatives Phase Jland it was also the mostilized mode
inPhase 2Gr oups 6 ¢ ombi n e dwashigh despite iofoha diferendvelofcensaod
placementindfeedback locatioriWhile this consistently high group situation awasensuggested
the success of th@meline design, participants might have used other mechamsims game to
maintaintheir situation awareness dadleveragee ach ot her 6 s knowl edge. Thus,
follow-up video analysis oRhase 2latato gain insights into howhe timelines were used for each
level of situation awareness and heavioussystem featurgesncludingthetimelines, were usefbr
situation awarenessaintenancel heanalysis revealed that tkienelines were useful as both static
and interactive visualization¥hey weremainly usedfor level onesituation awareness (perception)
to investigate recent dynamic changesomatedy thesystem.The imelines were used only
occasionally to strategize andgntize actionswhile another syem featurethediscard pile, was

used primarily for this purpos®#e found thatn addition tobeing used founderstanding automation

15 Material ideas, figures, and tablesrin this chapter have previously appeared in Chang G4, 2016)
Appropriate permissions have been obtained for theseeof these materials, and can be foun8ippendix D

This chaptepresents collaborative work done with the collaborators mentioned in the Statement of Contribution
on page Vvi.
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results and sategizing the timelinegprovided an accuratastoricalaccountfor the team members to

clarify confusion with the game state conflicting understandingithin the group

The rest of this chapter presgtite quantitativand qualitative findings on éhimpacs of the
timelinealternative designsn situation awareness and participédntage of the timeline®Ve first
present the results froRhase 1 analysis, which focusathequantitative findngsbased orthe two
design factors:antrol pacementindfeedbackocation Next, we examine the timeline interactions
and situation awareneasthe group level to understand how the timelines affected group situation
awareness. We then present the results of the video analysis from Phase 2 datalMde this

chapter with discussion and design implications based on the findings.

4.1Phase 1 Findings

The Phase 1 resusshowe d t hat ti melines were generally be
awareness. Although we did not test a control conditidimowt timelines, observations made during
the pilot studies and training sessions showed that patrticipants had difficulties keeping up with system

automated events without the timelines.

The computer logs revealed théyersmainly interacted with théimeline to discover the results
of automationFigure4-1 shows traces of interaction for all participant trials virtthvidual controls
and feedbackn bothlocations(seeAppendixB.15 for moreinteraction traces plott@dThe
interactiont r aces are overl ai d oandtheadgkercstiadeaindicaienee | i ne 6 s
interactionevents weretared at that partialar game cuheAs shown inFigure4-1, most interaction
occurred at the bottoheft corner, where the latest automation results were displayed (since the

timeline awomatically scrolledo newplayerturns).
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Figure 4-1: Interaction traces of timelines.Aggregate traces of player interaction (points =
touch down, lines = touch move) for individual control placement and feedback on both. Cells
(game event cubes) are shaded by interaction count (darker = higher). The traces showed thi
understanding automaion results (bottom-left corner) was the major use of the timelines.

This shavs thatthe timeline were frequently used investigateautomated computer actions, as

confirmed byour observations aneikemplified bythefollowing comment:

Piomiade : |ma inly used the game log to identify the individual cities that
were infected when | missed the on - board ani mations .

The interaction traces also show some instances/@wing previous turniee thd¢op overview
barin Figure4-1) and checking the cards automatically dealt to playes (hehird rowin Figure
4-1). This is cosistent withour observed usage tfetimelines.

The imelines were alsodmeficial for strategy formation, as evidenced by the comments

Pzmigge : It allowed us to look back at the previous moves t 0 determine the
best mo ve.

Timelines were also a fun espence forsome of our participants, asqdgh commented:

Pzignt It was really fun to move it and show people what | was talking
about while fe eling like 1 was in the Matrix.

In the subsequent sections, we provideantetails on the impacts abntrol placementand

feedbackdcationon situation awareness as well as the group interactions of the timelines.

4.1.1Control Placement

With an understanding of the high level timeline usagegxaeninedimpact of thecontrol placement
factor onsituation awagnessThe RMANCOVA on the awareness score revealed a main effect of
control placemeni(F12s=4.7,p = .04, Figure4-2, left). On average, players usinglividual controls

had higher situation awareness scores than playersslsangdcontrols, suggesting that individual
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timelines are more beneficial forppd i ci pant s & sSed ApzetndiBdéfor SR8 r ene s s .

outputs of statistical analyses conducted.
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Figure 4-2: Situation awareness scored.eft) The average situation awareness scores for
shared and individual controls were significantly different. Right) The average situation
awareness scores for drivers (primary users) vs. nedrivers in the shared conditionwere not

significant.
i ' ‘ =

Shared Individual No
Control Driver

Average Interaction Counts

Figure 4-3: Interaction counts of timelines.Left) The average interaction counts for shard and
individual controls were significantly different. Right) In the shared condition the average
interaction counts fordrivers (primary users) was more than the average afion-drivers.
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The RMANOVA on timeline interaction also revealedrain effect ofcontrol placement
(F110=6.2,p=.03,Figure4-3, left), that isparticipants witrsharedcontrols used the timelise
significantly less, suggesting that individual timelines encouragme interactiors.

Next, we conducted jgartial correhtion analysis on timeline interaction and SA sc¢omtrol for
group) The analysisevealed a positive correlationds = .20,p = .04). This is consistent with our
expectation thatore interactioawith the timeline would lead to higher situation awareness. This

result also confirms that the timeline may be beneficial for improving situation awareness.

4.1.2Feedback Location

For thefeedbackdcationfactor, we conducteBM-ANCOVAs on awareness scarad RM-
ANOVA on interaction courg and the analysis showed significant main effects or interactions.
However,qualitative differences were obseryaad participants reportgaeferringfeedback both

on the timeline and on the board.

Feedback Nexto-Timeline

With feedbacKkocatednextto-timeling this setugllowedfor quick investigation across multiple
game events as commented by six players. Since th
close proximity, players could focus on the feack on the timeline while tapping or brushing

through several eventshisbenefitwas confirmed by théollowing comments

Psrignt @ having the information close to where | placed my finger was most
convenien t.

Parignt :© lwasable to quickly flip throug hthem [game events] without having
to take my eyes off the game log box [with the next - to - timeline
feedback].

However, aseven participantgointed out, this setugrovided little context of the overall game
state and the timeline walisconnected froniné gamePsmicad S comment il |l ustrated t

Psmigge : havi ng information only in the log [timeline] lacks the direct
feedback of having informati on available on the board.

Feedback orifhe Game Board

On-boardfeedback allowed for greater awareness of the surrounding cities to a game event, and thus,
providedmore contextual information to a particular game event, as commented by six players.
However,this setup was the least fawite condition for58% of theparticipants. Participants
reported that the tabletop surface was large (3 players) and visually searching for thekfeadba
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difficult (8 players). Ret preciselysummarizedhe tradeoff between contextual information and

search time with the folloilwg comment:

Piet : T he highlights gave geographic context whil e taking longer to
locate

On the other hand, having feedback on the board sonstiestecconfusion over who triggered

thereplayanimation ascommented by 6 playerBiier commented that

P11t : onthe game board makesthings clearer, where people are in relation
to the site in question, etc, but gets distracting when three different
people are querying.

Moreover, players sometimes confuseglay animatiornriggered byother players as system

auomated changes. For examplenfie commented that

Ps3. miage :  When displaying information on the game board it was occasionally
confusing if it was someone triggering log information or a game action
taking place.

We also oberved thizonfusionduringthe configurable version, andiitmp a ct e cchojgdoh y er s 6

feedback loation during the gameplaye&ion4.2 provides more details to the behaviour change.

Feedback at Both Locations

Feedback itbothlocationswas ranked as the favorite setyp81% of the players. Thisas the best
of both worlds as it supportetliplicate informatiorand allowed foboth quick navigatio and

geographical contexthe following participarg éommengillustrated the benefits of tHeoth setup

P1, et : The combination of the two allowed for both immediately accessible
feedback as well as m ore information if needed.

P11, mdge : Information displayed on both the board and near the log was the
most useful, since | could see information quickly while still seeing

what area of the board was being affected.
Ps, miadie : Seeing the log [the information]in both the game log and the board
makes it easier to see where future potentia | outbreaks could happen.

As participants commented on the searching time and contextual informaticofréatehe on-
board setup, ve ran an RMANOVA on the time spent per turn, calculated as the time bettiree
end of system animation and whéwe inext player made the first movkhis analysisevealed a
significant main effect ofeedbacKocation(F220= 4p.=2 ,. 0 3-foc paiPmse domparisons
showed that players spent more time between each ttiromboard feedback than with feedback in
bothlocations p = .03). This result suggests thdayers spent more time searchingand

understanding the automation reswhen theywereusing timelinesvith only on-board feedback.

75



4.1.3Group Interaction

During the study, we observed that as a group, situation awareness seemed to be very high, although
individual players may not have a comprehensive knowledge of the game state. Thus, we decided to

further investigate this phenomenon by analyzingthegoups i t uati on awareness. We
interested in how partddet pamtpdr wisaigpamwmtf sd& i gnietl u ate
Specifically, we investigated the difference in interaction count and situation awareness for the

primary users of therhelines (drivers) in theharedcondition versus for the nedrivers and players

usingindividual timelines.

Combined Situation Awareness

We calculated a group situation awareness score by taking the best situation awareness score
achieved by any one membfor each questioand then taking the average of these best sctes
ran a RMANOVA on this data. The results showed that the main effecbofrol placementvas not
significant FL0<.1,p=.94,— @) nor was thdeedbackocation(F2»=1.2,p=.33 - @ p

All groups scored high in situation awarenéds=(.87,SD=.06).

Shared Interaction with Timeline

Although there were no main effects of the design factors on the group SA, we observed qualitative
differences in how groups mesedautomated changes feharedandindividual controls. When a
timeline wasshared players interacted with the timeline as a group. One player was typically the
primary user for interacting with the timeligiee., the driver). e rest of the grouwas watching,
narrating, and understanding the game together. The following excerpt illustratgtayers

narrated together while trying to understand the automation results vighiez meline

[ After seeing an epidemic animation, players were discus sing strategy]

Pelet : IS an epidemic due?

Pe,magte ©: [ Touched timeline on epidemic city] |Ités there [
played on the board @ Miami]

Pelet : Yeah

Ps. miage : Then 3 more black [cubes]. [Continued to touch the timeline].
Algiers

All  players: Karachi and Istanbul.
Since driversverethe primary people interacting, they had a higher interaction count than the non

drivers (sed-igure4-3, right). Figure4-3 depictstheaveraganteraction counts fodrivers inshared
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nontdrivers inshared, and players iindividual, and it illustrates thahe drivers irsharedhave

similar level of interaction count (14.9) as the playefisdgividual (12.5).

We were then interested in under st @dotherng how t
players (i.e., the differences between player types). We performést@bZckdocationx 2 player
typeRM-ANOVA on averaged individual SA scores per player type. The main effetayr t/pe
was not significanfF15=2.93 p=.15- & Y, seeFigure4-2, right. Thefeedbackdcation
(F210=.15p=.86,— 8t gwas not significant, either. This result extends our earlier correlation
between SA and interaction count, suggesting that interactions of drivers still led to higher awareness
in nondrivers.Together with the observation that players using sharedtieneinded to explore the
automated changes sequentially as a gneafhelieve that while the driver was interacting with the

timeline, all group members were actively engaged in the process.

Individual Exploration with Timelines

With individual timelines participants tended to explore the automation results simultaneously
work together to understand the game sfle following excerpt illustratgdayersworking
together tacollect information from their individual timelines bavestigateautomatio results

Ps, right : Did Ho Chi Minh get hit as well? [ Tapped on the Ho Chi Minh game
event on P22's timeline ] and what was the yellow one?
Ps, miagle : [ Tapped on the yellow game event next to Ho Chi Minh on Ps, middie 0S

timeline ]Lima
As the previous sectiodiscussegthe situation awareness for drivers and-dowers inshared
wasnot significantly different. However, playersiimdividual had higher situation awarendhan
players inshared Together with the observation that playershimindividual condition often
conducted simultaneous investigations, supporting participants with individual timelines may better
support their awareness needs.

4.2 Phase 2 Findings

The Phase 1 analysisvealedtha r oups 6 ¢ o mbi n e dscoedveraihigh, and therea wa r e n «
were no main effects across different design alternatives. Morebges,was no difference in the

individual situation awarenessore between thdrivers and nowrivers of the timelinedNe

hypothesized that the information paigiEnts gathered from the timelineasshared with the group;

thus, thenondriversbenefited from the r i \interacidns. Moreover, participants might have

77



gathered situation awareness information through other components in the tabletop interiace. Thu
we decided to followp with video analysis on the Phase 2 data to better understand how participants

used various system features, including the timelinegaiatainsituation awareness.

The frequencies of the coded instances were visualized wifihngiand tables usifigbleadf (see
AppendixB.17). These visualizations helped to recognize different patterns of usage. Overall, the
video coding process revealed participantsd usage
the imelines to support their situation awareness, group discussions, and strategizing. In this section,
we first describe thémelineconfigurations used by participants. Next, we provide an overview to
how various system features were used for situatiomean@as maintenance. We then describe the

details of system feature usages in each of the three situation awareness levels.

4.2.1Timeline Configurations

To understand the usage patterns of the interactive event timelines, we examined thegeefcent
time eacHeedback mode was kept for individuals and groups in Phase 2. Our data analysis revealed
that participants made use of the configurable timelineskayidit open for most of the timin

Phase 2, participants could choose the timeline configuratiomy &in@e so wdurtherexamined the
configurations used to understand the utilities ofctrrol placementindfeedbackocationfactors.

We calculated the time that playspent based on the number of timelines pped the results

showed that threertielines werepen in the interfaceost of the timéM = 85.30%,SD=27.37%)
followed by two timelinesNl = 10.51%6, SD=15.62%), one timeline M = 3.80%, SD=12.35%,

and no timelineNl = 0.38%, SD=1.14%). Upon further investigation of this data, it was apparent that
most participants had their timelines open throughout the gameythythe exception of two
participants, both from the same gro@medid not use the timeline a@ptit closed during the

game andanothemmpened and closed the timeline frequerndrding to the instances of one and two
timelines respectively (the third group member kept her timeline open most of theQimayerage,
participants interactedith the timeline 140times(SD=8.71,Min = 0, Max = 29)across the entire
playthrough of the gaméince participants were playing a collaborative game, they ofteldrely

16 http://www.tableau.com/
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on their teammates to understand the game state through discussion, rather than interacting with the

timelines.

We theninvestigated theercent of time eacleedback modaaskept on.When participants first
started the gameplay, the timelines were set to show no feedback and were closed. However, if the
game crashed and restarted (happened to two groupsinidines were opened witloth feedback
locations orby default The time during game crash was excluded from the anafgsi®ne group,
the participantsd timeline configurations befor

not allreconfigure their timelines. Thus, for this group, the time after the game crash was excluded.

As depicted irFigure4-4 Left, Both feedbackwas the most popular moge! = 60.82% SD=
42.02%), followed byTimeline Only(M = 30.05%,SD= 40.32%)andClosed(M = 6.38%,SD=
17.93%).Board OnlyfeedbackM = 1.37%,SD= 7.31%)andNone(while thetimeline was open (M
=1.37%,SD=1.59% were the least kept modehisd st ri buti on was consi sten
feedback and our observatipamce theBothconfiguration waslso rated asiost preferred in Phase
1. Some participanteportednterferencdb et ween t heir own f eendheack and
board,which was likely why the seconmost frequent configuration wasmeline Only While one
player usedoard Onlymore extensively (Rigne 14.35minutes), the rest of the participants almost
never kept their timelines in this modd € 2.6 seconds$D= 3.69 seconds). This was likely due to
the need to search for the replay animation on the map as welhasidthe interference problem.
Although the perceageof time in theNoneconfiguration might be a result of intermediate time
between toggling fedmhck locationsthe video analysis presented3ection4.2.3below showed

some benefits of the timeline as a static visualization.

Participants ocasionally switched to different timeline alternatives throughout the game, but it was
difficult to determine their intention based on tieservable actiores there was no verbal
explanation in most cases (only 6/31 cases could be clearly identifieldtsi to understanding

automated events).
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Figure 4-4: Percentageof time each timeline configuration was kept by each participant.
Left) Sorted by percentageof time a participant kept the Both configuration. Right) Sorted
by the average percerageof time a group kept the Both configuration. Each cell shows a
group (12 groups in total) and each bar shows one participant, arranged by their seats (L:
Left, M: Middle; R: right).

We further examined participantsd6 usage of ti mel
groups had at least one player keeothfeedback mode on for most of the gameplay Sgare
4-4 Right). The last three groups (Group 2, 5, and 8 on the last rBiguie4-4 Right) all explicitly
discussed the potential interference of displaying feedback on the map, while participants in Group 2
specifically agreed that only one player would be displaying feskdia the map.

4.2.2System Feature Usage for Maintaining Situation Awareness

Asthe timelinewad e si gned to i mprove userso6 situation awar
examined the usage of the timelines in supporting the three levels of situation awareness (i.e

perception, comprehension, and projection) as defined by EdSI8y) The first level of situation

awareness, perceptiamfers to the knowledge of the changes that happened. In the context of the

digital Pandemic game, the perception level refers to knowhg the dynamic changese as well

aswhether the new changasecasual The comprehension level referstopartgant s under st an
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of the overall situation and of the changes that they jast l@bout to know their significance

Finally, the projection level refers to making predictions atloeifuture game states.

The three levels of situation awareness atermal cognitive processebhus, theyare not directly
observable withoutpaari ci pant s 8 v e rphysidal interaation withithe applicaton ,
interface, and visible body language. For example, participants may be exploring the timeline and
thini ng about the automated game eventso6 i mpact o
verbal communication, it is impossible to definitely determine whether the interaction facilitated
participants® compr ehensi on.occkredforthédomprenemstos on, f
level. Moreover, we incorporated decision making into the third level, projection, although it was
originally modeled as a separate process by Engs88b) Par ti ci pant sé strategi
prioritization behaviour represented participan
game states. Since our dleandaudibe bghaviowss werwdre d part i
constrained to determining how the timelines supported situation awareness based on observable

actions.

We were also interested in how other system features were used for maintaining situation
awareness. The video arsilyrevealed that the game map and the discard pile were the most relevant
features used by participants. The game melpdedthe connected cities as well as all information
containedwithin it, e.g., the disease cubes on cities, locations of playerspawd system animations
that highlighedparticular cities. The discard pile containedhated historicallog of cities infected
by automated eventand it wageriodically emptied after epidemic eventduld be opened by
tappingon a button, as @viously described iBection3.5.2above.

In the following sections, we present data pertinent to how the timelines, the game map, and the
discard pile were usdualy our participants to gather situatiawareness information for eal@vel of
situation awarenesperception, comprehension, and projection (as depicteigime4-5, Figure4-6,
andFigure4-7).

4.2 .3Perception

At the end of eachameturn, the system automatéte drawing ohew player cards (i.e., shared
resources) anthe new disease infections on the game map (i.e., changes in the system state). The
new changewere reflected onhe associated cities and were highlighted on the map by a brief

system animation. Moreover, they were appended to the timelines (players had to tap on the new
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changes to see the associated locatiétesticipants should aim to find out the types of evéimat

took place, their locations and quantity, and if the events were causal.

The analysis revealdubth static and interactive wsaf the timeline. For simplautomated
changes, participantbserve both thesystem animationand the timelines to gamwareness of
dynamic changeglowever participants sometimes ontaughtparis of complex changes or
completely missed the changasd the timelinegere then used to investigatechangesThe
timelines were considered as the correct historical atcandwereu sed t o negotiate par!
knowledge especially for complex changglsis sectiordescriba the strategieemployed by the

participantdor perceiving simple and complex changes, as depictEjume4-5.

Perception

System Feature Usage Communication

=l

Observe Interact with { Narrated new change

system animation timeline based on observation
and interactions

9 Discussed with the
team to fully perceive
the changes

View timeline View discard pile

Figure 4-5: System feature usage and player communication at the perception levAk the
perception level, participants typically first observed system animations and then interactec
with their timelines to verify or further investigate changes. Changes were often narrated,
and participants also discussed changes based on informatioathered to negotiate their
knowledge.

Observatios First Then Interactions

Participants often narrated new changethasystem animations appeared on the game map. Due to

the large size of the tabletop display and the fact that players were not dgradtantling to the

interfaceduring gameplay, players sometimes missed seeing the system animations in time or only
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noticed that some changes took place without knowing the details (e.g., they noticed an animation
occurring in their peripheral viewtomdex changes that involved chained events caigdbe

difficult to follow. Thus, participants typically first obsevéhe available feedback then inteesdtt

with thetimelines. For example, after the system finished animatimgnge®n the mapP1midde

noticeda new epidemic eveibut did na know the exact associated citfesm observing the map.

He sai d t omniéh eS ognreat uhpi : ro gfe thea usedis fimzlme to locate thepidemic

eventby tapping on the event and narrated the resuit ®t gr oup: A San Botamnci sco.

feedback onPert hen pointed at the replay animation tri

Thedesign of theimeline wasuseful as static visualization fgperceiving new changes,
especially because it automatically scrolled to show the current turn and placed the changes in a
readily accesble location for usersThere were only 9/333 cases of such usage that we coded. The
actual usage could be much higbee to the constraints in precisely determining the eyesgatze
participants (se@able4-1).

Usage Categories Counts
Tap on events in the current turn 272
Navigate to and interact with historical events 22
Learn to use the timeline 14
Interact with the timeline for fun 10
View the timeline (static usage without interaction) 9
Count critical events on the overview bar of the timeline 6

Total 333

Table 4-1: Summary of timeline usage countslnteracting with current turn game events
was the most common type of timeline usage.

Although thevisualdesignof the timelinedid not provide detadidlocation information of the
game events, the coleapding of game events provided a general sense of regions. The icons
indicated the types of events (i.e., infection, outbreakpidemic), and the amount of game events
provided a hint to the compleyibf changes. Moreover, there were a few cases where patrticipants
opened and closed their timelines only to view the changes without interacting with any specific game

events (evident from their narrations). Participants sometimes narrated the coleuplel/gr cards
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(shared resources) received by collaborators, showing the value of providing awareness of the
changes in shared resources automated by the systamsers tended to first observe without any
interactions, making changes apparent is impariadhile this strategy was effective for simple

changes, more complex changes often required interactions with various system features.

Interact to Resolve Complex Events

For complex disease spread, part i c ioiptpiteratiged pr oces s
effort among the team members. While the game map provided a reference to the current system state

and allowed participants to notice changes, the timelines were the main tools for participants to

understand how the system automatiorvatiat the new stateee th@bservesystem animatioto

interactwith timelinestates irFigure4-5.

Participants interacted with the timelines to verify what tHeseoved on the game mapvanat
theyoverheard from collaboratorsI'he timelinevas also used to investigate new changbs was
the most common type of timeline usage (272/333 cdse®&s also common for multiple players to
investigate theitimelines and announce the results at the same time. We hypothesize that players did

so to make sure they, as a group, had the correct knowledgeanitdneation that took place.

Whena group wasonfused with complex changes reflected on the game h@pused the
timelines to investigate and verbalized their perceptionegotiaé andreach a common ground of
the eventshathappened. In this proceske timelines wereconsidereas theficorrecd history and
wereused t o corr ecied eafc ht loBorrerdmgies gihdietthe gysteam animation
was still playing, B rightnoticedthattwo outbreak evenisist took place by viewing his timeline, and
he announced this the groupAs there were two outbreak events, participants trietttermine if
one caused the other. It was a complex event as three types of events happened during the same turn:
an epidemic event at Chenpiaivo independent outbreak events at Bangkok and New Yorlarand
infection event at MoscavAs Ps, right Was investigatingthis on his timeline, the rest of the team
looked at the game map on which they could see the new diggasal system animation thaasv
still playing,in addition tothereplay animations triggered IR, righe After Ps, rigntidentifiedthatthe
first outbreak everdccurredat Bangkok by checkinghistimeline,Ps, et mistakenly thought that it
caused a chained outbreak event in CheRaaiisdethen jumped in and tapped on the secaatieg
event with an outbreak icon, and this triggeaae@play animatioon the game magt New York.Ps,

right then continued to check game events on the timblih@rovided an incorrect reasoning to why
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thetwo outbreaks were not chained. Psrignt had an incorrect reasonings, et finally started

interacting with the game events on his timeline amaounced the correstt of events that took

place t'siwith Bangkok and then New York. Those are the two outbi@akd hi s observati o
showed the imprtance of the timelines for the correct perception of changes.

Our results showed that some participants appreciated the replay animation on the game map and
commented thativasb e nef i ci al f or keepi ndheittimedinek Howber, ot her s
some also noted thatdistraced and confuse them Although the system animation and replay
animation looked differer(seeFigure3-3F andFigure3-4K for an examplg participants had
difficulties distinguishing these two types of animations quickby. examplePs, et mistook the
animation triggered bis miade 8S New outbreaks bie¢ system a nd a Bogotajusc e d 1
outborokeb He t hen quickly realized tMaudeaintd wms$ da Ale |
no, you are just smashing things. | hate you! | hate the board thing! Turn your board offppledse!
miadle then turned off the feedback on the mapistonfusionresulted in a negative response to the

replay animation fdare. Participants continued their discussion and pointed out that the key issue

was the |l ack of awareness of coll aboratorsdé act

Psieiw : I nform us when you are going to turn it on; othe
Bogota just outbroke! 6

Ps. right - It és kinda funny, but I also found it distract
it.

Ps et : lt6s okay as |l ong as you tell people you are do

Due tothe potentialinterference some players manually toggled the feedback locatidowever,
this resulted in mode errofSellen et al., 1992)here participantirgot about the curretitmeline
mode and were confused when the replay animstienenot triggered on the game méguch
observation showed a need to provide further support forwaaks e awar eness of <col |

timeline interactions.

The discard pile system feature was used for perceiving new changes as wetihalfreguently
(8 cases vs. 28dases for timelines)n 3 of these 8 cases, the discard piées used in conjunctio
with the timeline to verify the changes. For example, after new changes took placeodergmgup s
gameplayPs, midde Wasconfused about why there was an additional disease cube on Moscow. He first
navigated through the game history on his timeiiiénd outwhen it first happenedPs, et then
opened the discard pile to check. THeiddie and B, et found thatheMoscowcard was drawn and
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thus had a new diseasethe most receritrn through the timeline and the discard pile, respegtivel

The discard pile acted as an alternative information source.

Overall, players reached the correct perception of the automated events most of the time (293/397
cases68.26%) even though participants had to correct themselves or each oth28ra’s,
7.51% There were 99/3924.94% casesn whichwe were unable to determiménether their
perceptios of changesverecorrectand 3397 cases1.26%,where participants gained incorrect

information or could not find the information needed.

The analysis also revealéuht the participants employdéxible work patterns. Participants
sometimes ignored the system animatiand continued to discuss stratsgMoreover, since
advance planning of actions was common and necessary in the gac@yémt player sometimes
focused orexecuing the actionsgreed upon by the entire group beforehamd, relied on team
members to observe and report tleevchanges. This finding showed the importance of providing

persistent timelines for individusio enablesuch flexible work patterns.

4.2.4Comprehension

With the new changes explored, the comprehension level refers to making sense of the new changes
and the overall game stafehe players should seek to determine how the new changes impact the
overall gane stateAs participants were all experienced Pandemic game glahey generally

understood the meaning of the changes. In some cases, the new changes did not have urgent impact
on the game statevhile in other cases participants started strategabayithow to addresthe

changes right away. We based our analysis on observable behaviours, and our data shihwed that
game mapvasused as a reference point for the gstiopcomprehend the overall game state

The game map was the méstquentlyusedfeature in the comprehension level to understand the
overall state as well as tietectinconsisteniesin their understanding of the game state, as depicted
in Figure4-6. After new changes took place, participants commented on overall gambastatieon
the game magFor example, in one sessidfi,madsle COMmented on the overall spread of ibhee

colour disease®homyt geodams dipegpitgerd e 6s a | ot of
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Comprehension

System Feature Usage Communication
b — =
o — ,.q{
Observe Interact with
. ) 1 Commented on overa

9 Clarified
inconsistencies found
on the game map

"' |

View discard pile

Figure 4-6: System feature usage and playezommunication at the comprehension leve/t the
comprehension level, the game map was used most frequently to discover inconsistencies
bet ween participantsdé understandi ng etimeliheh
and the discard pilewere then used to gather information, which allowed them to
collaboratively understand the game state.

The game map wa®metimesised in conjunction with the discard pile @hdtimelines for
players to correct their understanding of the system s$tateexamplePyignt Noticed thabn the map
Bogota had more disease cubes dhah expecteca n d s h e avavwe be=mnotitihg that
Bogota is a problend@?T hen,P1er opened the discard pile for the entire group to yeawdPimidde
looked athediscard pileand clarifiedtha t o, fi'sjust out [in the last turmj.

In another example, after new changes took plagey Rrst checked his timeline. Later on, while
inspecting the game map, feeindthat he narrated events were inconsistenhwliie number of

disease cubes on the map. This promptgeh: to further investigate usirigistimeline to corect the
groupds knowl edge, and he announced the correct

overview of the situation for themprehension of changes and understanding of the system state.

By the end of the comprehension stage, participants had usually reached agadenrm
changes that took place and their measioghe game. Next, they negotiatsith each other on the

strategies and on which actiongioritize
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Projection

System Feature Usage Communication
— ¢ ——
= =
= View high level e ' - -
= . 1 Negotiated strategies
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View discard pile timeline timeline

Figure 4-7: System feature usage and player communication at the projection leveéit the
projection level, the discard pile was used most frequently to prioritize actions, and participants
negotiated their strategies with each other based on the information gathered. The timelseavere
beneficial for participants to view high level information, but they wereused less frequently.

4.2.5Projection

The projection level refers to predicting the future gamesst@enerally, in Pandemic, players need

to strategize based on when critical events would happen at which locations. This informatien can b
estimated based on the current and past disease spread as well as when previous critieddesvents
place.During the gameplays, ouagicipants strategized, prioritized actions, and managed resources,
based on their predictiond/hile the timeline andhediscard pile werdoththe key system features

used to help remember historical events and forecast future gamethatiiscard pile was the

primary feature used, as depictedrigure4-7.

We found that the timelirgprovided highlevel information that was beneficial for forecasting
game states. For example, players counted the number of turns since the last epidenmsbngteat
overview far at the top of the timelin€6/333 cases of timeline interaction8y a fix number of
epidemic events was roughkvenly distributed in the game, the number of turns since the last
epidemic was a good predictor of the next epidemic etgaemic evats signaled that previous
infected cities may be infected again soon to create wider disease, spieads important for
players taaccuratelypredict when the next epidemic event might occur and adapt their strategies
accordingly. Players also navigd through historical events to determine if any citiegghtrbe
potential problems in the future. Since all other system features only provided limited amounts of
historical information (e.g., the discard pile only listed the infected cities sincestrepldemic

event), players had to rely ¢ime timelines for much older events.
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The analysis showetthat very few timeline interactionsiereconducted for the purpose of
strategizing (usednly 6times in 88 cases of prioritization). The amount of effeduired to navigate
through manygameturns to locate the target game event likely contributed to the limited use of the
timeline for this purpose. More often, participaopgned and read the contentl# discard pile to
prioritize their actions (used28imes). The discard pile providedjuick way toaccess recent cities
that were affected by disease spreagproviding all informatiorin a single textual logvith minimal
interaction required (other than to open, and potentially reposition the widiget)jnformation
allowed players to decide which cities needed more attention by comparing citiedisctrepile
and the current game state on the map. This stimatthe design of such a textual log was more

beneficial for the projection level sftuation awareness.

The followingexampléillustratesa usage of the discard pile for the purpose of prioritizing actions.
P1miaaiewent through a list of cities that could potentially create outbreaks based on the current game
state (i.e., cities that needed more urgent attentiampdRfirst named Moscow andiR openedhe
discard pile for the entire group to see (defangationwas at the centre of the map). After
confirming that it was not in thdiscardpile and thus was potentially high in priority, ddie
continued to inquire the group about the status of Mumbai and Bangkalofpened theliscard pile
again, ad P.rignt Viewed thediscardpile and confirmed that they were in the pile, meaning that
players only needed to attend to them when the next epidemic event was peastifas concluded
t hat Moscow was t hehiohistoygay, Msconhd the ordytthingtobei t v : fiw
concerned abou. 1dra gr eed and reiter at e dhatfMoscawhreallyur gency
needs to be dealt with right nowBlayershencontinued to discuss how to spend actions to move to

Moscow, ad eventually tread diseasesn Moscow in the same turn

The discard pile was sometimes used as a tool to suggest potential actions to consider. However,
this sometimes failed because theest@o much information to parse through (i.e., too many cards

in the discard pilg or it was simply not helpful due to the game state at the time

4.3 Discussion

Based on oufindingsinp a r t i asage afhetinte@ctive event timelirandt he t i mel i nes
impacs on situaion awareness for a decistamakingandplanning taskthis section presents the

lessons learned in supportiagiareness afo-located collaborative taghn digital tabletop systems
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4.3.1Promote Interactivity

The statistical analysia Phase levealed thathe participants withindividual timelines interacted

with their timelines more and had higher situation awareness than participargbavetbtimelines.
Furthermore, situation awareness #melamount of interaction were positively correlated. Our results
suggest that that more intetens with the timelinesan improve situation awarenegghile the
participants observed tlsystem animation to perceive new changes, it was insuffimenbmplex
automated changes. Interactions with the timelines facilitated the perception Isiteatodbn
awareness, and the timelines were also the most used system feature for pefdeptioriher

showed the benefits of the timelines as an interactive display for perceiving complex cliaages.
designof collaborative tabletop applicatismvolving automation shouldonsidempromoing this

kind of interactionfor complex change®ased on our study results, individual awareness displays

that can be accessed conveniently and simultanearestyore effective.

Sharedandindividual timelines chaged how participants resold@ew automated changes.
Participants in theharedcondition employed a more sequential and tightly coupled approach to
understand new changes, whildividual controls allowedor more and simultaneous interacton
The sharedtimelines resulted in a procesgt more closely resemladehe physical gameplawhile
the individual timelines allowed for a higher level of situation awareness without requiring the same
amount of manual work needed in the physical versioneogéime. This shows a promising direction
for improving situation awareness of automated changes driven by computer systems. Processing all
newupdates manually and updating themnthe group to stay aware of the situatawa physically
demandingAlthough automated changeanreduce the physical workloaid also changes the
previously familiar tasks. Without appropriate feedback, staying aware of the system changes can be
cognitivelydifficult. Designers must consider the design of the awareness f&eatizhallow for
flexible interactions with théeedback in a group setting to fully leverage the benefits of automation.

4.3.2Perception: Make Changes Readily Available

The timelines were mainly used for perceiving new automated changes, and several agpects of
timelines helped participants gather this information. The timelines appended new changes and
automatically scrolled to the current turn, making the most recent information readily available for
exploration. The visual design of the timebrstructurel the game events based on their types into

three rows (i.e., player action vs. system automations) to factlitaterocess dbcating game
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events The colourcoding and icons provided overview information. Moreoeachtimelinewas
placed atnindivi d u pekrs@nal areto providequick access to new ahgespothvisually and

physically.

In contrast, the discard pile was used less frequently for perceiving new changes, and this may be
due to the fact that reaching out to open the discard pile took physical effort or required more
coordination to ask the player on the left (the position closest to the discard pile button) to open it.
The convenience factor may also explain why the shared timelines were used less frequently and

resulted in lowerituation awareness in Phase 1 of the study.

In light of the benefits athetimelines, potential redesign may consider how to further streamline
the perception of new changé®r examplepresenting detailed information of the most recent

changes on théneline can help minimizthe interactios needed for investigations.

4.3.3Projection: Provide Critical Event Overview and Summary View

While the overview of critical events on the timebinelped participants determine the overall
strateges the discard pilevas used much more for forecasting events and prioritizing actions. The
interactivity of the timelinewas beneficial for reducing cluttddowever, itrequireda high level of
cognitive and physical effort farserso gain an overview of the historicavents tgredictthe

relative urgency oproblems Moreover, the discard pile appedrby defaulat the centre of the game
map, and this might have better facilitated information sharing and strategizing for a tightly coupled
collaboration(Tang, Tory, et al., 200&uch asn our context.

Future designs of tabletop applications involving dynamic changes should cqmeiidinga
way for users to get the overall picture of tigtorical information quickly anth a manner
convenient to shard he application may provide a separate fedrasummary view of recent
eventsor the timelines may incorporate a different vietw support projection diiture system states.

434Support Awareness of Coll aboratorsé6 Commands
The interactive timel i ne pmganeactostdat hademanentat i on o
impacson the game states Howe v er , tgéne actiomenthe tanelipesvare rarély

checkedby the collaboratordviost of the timeline usage wesdated to system automated events
This may be attributed to the fact tisaice the collaboration style was tightly coupled, players could

remember each otherés actions within the one ga
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automation demonstrated its value, providing coll
worthwhile the screen spader a tightly coupled collaborative warklowever, consider timeline

usagefor debriefing purpose or cases when users step aside from the tabletop temporarily, the

coll aboratorsd commands are stildl benefici al for

We obegrved that there wasneed to provide more awareness of the shared resources. The current
system provided limited support for participants to get a sense of the player cards other collaborators
had. Participants viewed and interacted lih timelinego perceivethe player cards other
participants justeceived fronthe systenautomation Through frequent communication and
physically |l eaning toward other playersd hands to
composition oke a ¢ h  bands:€heydhen strategidebased on the cards they egassessed
Although patrticipants each oeda hand of cards, the player cavesreessentially shared resources
in the context of this game. Our observation indicated a need to support a more holistitthiew
shared resources for managem@itisis alsoconsistentith the idea of providing a summary view

of the historical events.

4.3.5Support Flexible Work Patterns with Individual Timelines

When given configurable timelines in Phase 2, particigammsarily chose to keep their timelines
open.Our data analysis revealed several work patiertiss setting Althoughgroup® c ol | abor at i o1
styleswere mostly tightly coupled, they often investigatieeir timelines concurrently to investigate
changes and vdyi information observed from the game map or overheard @thwerplayers

Moreover, they sometimes split the workleéy having one participant cgrout strategies

previously agreed upon ahdvingthe rest of the team investigathanges. Phase 1 arfthBe 2 data
analysis revealed the benefits of individual timelines on improved situation awareness as well as the
flexibility to allow participants to investigate changgsheir own paceMoreover, the configurable
timelines allowed users to toggle treedlback locatian This feature allowed the groups to use

different strategies for invoking highlights on the shared tabletop workspace as a group, and allowed
for differentstrategies across groups.

Designers should consider the interplay between
patterns. Ircollaborative tabletop systemnthe timelines as persistent awareness displays provided
flexibility in terms of thegpace of workIn Phase 2, thanalysis showed that participants sometimes

noticed thesystem animations with their peripheral vision, but did not capture the details of changes
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in time. This isconsistent wittwhat we observed in the training session and what Wallace et al.
(2012)observed in another version of the digital Pandemic game. By aisinm@tions as the only
feedback mechanism for displaying new changes, it enforced players to pay attention to it during a
limited timeframe. If players missed it, then they had to visually search the tabletop interface or
discuss with other team membergitterminethe changes. Thus, such feedback would be
inappropriate fodisplaying dynamic changes, and leads to low situation awareness as Eh@i3&)y

pointed out.

4.3.6 Timelines for Supporting Group Work

The timelines weredesigned to support situation awareness for collaborative Rarkicipaits

exhibited different behaviours in their timeline usages as a group.sbhestimes relied on other

players to interact with the timelisand report the findings, rather than always checking the

timelines. For some other instancgmrticipantsnvestigatal simultaneously and woddtogether to

form a complete picture of the automated changes. These results shparticgiantscan also

benefit from ot her pl ayseandthétimelingwereusedt i ons wi t h t

collaboratively to achieviigher performance

Our analysis revealdtiatthe timelines wereoften used in conjunction with the game map. While
the game map reflected the current system state and helped participants notice new changes, the
timelineswereused primarily as theorrect historical accousito negotiatas s eperseptios of the
changes.

We designed the replay animatias a way for users to gain more detailed information of new
changes and as a way to virtually point on the map for information sharing. Whileseothses
were found in the data, there were only a few clearly observable instances. Participants mostly
physically pointed at the game map to aid their conversation we believe that this is due to the
turn-based nature of the game and the diffiegliin searching for the replay animation due to the
current design antthelarge size of tabletop displayBesigners may consider how to support the

need of sharing findings from exploration

Moreover, the replay animation sometimes confused the partisignd they mistook the replay
animation ashowingnew system automated events. Since replay feedback on the map and-map cut
out on the timeline were the most popular configuraifuture designs shouldcorporatemore
direct identity information itheworkspace awareness sder the replay animation to facilitate
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feedthroughPinelle etal.,2003) Consi der parti ci pahetmelihesfelte edback i n
disconnected from the game, we may consider a design Wedimelines arevisually associated

with the replay animation to creaagedundanencoding of invoker identity art allow for quicker

associatioa Furthermore, as participants tried to manuaipnagehe feedback locations, they

sometimes forgot about their current settig.a result, they were confused about why their replay

animations did not show up on the game napotential solution would be to use a usaintained

mode(Sellen et al., 199Zpr the replay animationmeaning that users needttigger the replay

animation every time for it to playn the shared workspadeor example, touches and taps on the

game events would only show feedbackhia imap cubut onthetimelines. Dwell interactions would

show feedback on the timelimand trigger replay animations on the ma@pis design concean

provide more flexible controls of feedback loca@ithout manuallytoggling the feedback mode.

4.4 Summary and Further Exploration on Workspace Awareness

We investigated the impaf control placemenéndfeedback locatioon situation awareness and

the usage ahteractive event timelingtirough a labratorystudy using the Pandemic garur

data aalysis showed that the timelines were beneficial for situation awareness maintenance.
Moreover, individual timelines supported flexible work patterns and allowed for higher levels of
situation awareness. Howevdéng replay animation triggered by indivalwsers sometimes confused
the collaborators even though it was designed to be visually distinctiveHesystem animations
triggered by automatiohese findings suggestt hat t he feedback for coll abc
interactions still neeetl furtherinvestigation and improvements. Moreoviiile awareness cue design
neededo balance between providing essential awareness information and reitkidisgactiors to

the collaborative work Thus, wedecided tdollow upwith a second study that focused workspace
awareness and investigategractical awareness cue design for collaborators to stay aware of each

othebs acti ons

4.4.1Exploring Workspace Awareness in MultiDevice Classrooms

A multi-device classroom context was chosen as the environment for the-figlistudy for several
reasonsFirst, studying another ocated workspace all@d usto combine the insights from both
investigations angrovide a set of more gendrald desigh recommendations for awareness support
in co-located environments. Secqrafthough tabletop systernanaugmentaceto-face
collaborationwith digital capabilitiesthey haveseveral limitationsncludingthe difficulties in
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scaling for collaborationf large groupsind inallowing for shared and individual work concurrently.

In multi-deviceclassroomsstudentsave individual devics andare connected throughvirtual

collaborative workspac&linimizing the constraint of the physical tabletop sjdegye groups of ce
locatedusers can work togetheoncurrently and they can carry out individual work through their

own devicesThird, individual devices aralreadyubiquitousin currentco-located collaborative
workspacesand peple oftenbring ther personal devices tmeetings Moreover, here isalso an

increasing push towards introducimglividual devices ito classroomso improvelesson

engagement and st udRrojettIdamorow, A1 -budh, wth an apportwiikyi | | s

to collaborate with SMART Technologféswe were able tstudy a reaivorld application and apply

our research findings tmake practicaimpacs. While a laboratory experiment allows for precise

control of the study factors and potential confoundsravidedan artificial setupTo confirmthe

lack of workspace awareness probsmhserved in the Timeline Studydto design an awareness

cue with high ecological validitywe wantedto study a realorld environment with workspace

awareness challenges realworld application and the accessé¢achers and studentsough our

collaborating company allowed usdwgaluate the design in the fieEinally, students in a miti-

deviceclassroom face even more challenges in maintaining workspace awareness since they may be
sitting in different arrangaentssuch as facéo-face, shouldeto-shoulder, or in rows in a classroom

The physical separations between userscanmdkes e r vi ng e a difficulbasther 6 s act i
devices may be occluded. The screens of individual devices may also be toorsusaliddo keep

track of each ot he Mikeweforaanultdevice classnoom wae Selectedasthé c e s .

study context for further investigatj workspace awareness supgarto-located technologies.

17 http://home.smarttech.com/
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Chapter 5

A Wor kspace Awar e-bessc€ue

Cl assr ooms

In our follow-up study to understand workspace awareness support-focated technologies, we
decided to use mutdeviceclassroomsor the benefits mentioned in Sectiéd. 1'%, In this study, we
provided a workspace awareness cue, Call out

deficiency. We sought to balance awareness and distrastime distractiowan bea moresevere

problem ina multi-device classroom conteXs there can be a large number of collaborators, there is

a higher potential for interference between students. Although the physical sepaettiaen
studentsnake awareness maintenance difficult yotong all workspace awareness information can
overwhelm students and distract th&iven thatchildren, en during adolescence, are still
developing their ability to control their attention and foffstersen & Posner, 2012)chaotic

workspace distracts studsifitom their top prioriy: learning.

With an opportunity to collaboratgith SMART Technologi€€in Calgary, Alberta, Canadage
decidel to use the SMART am}j softwareas our case study. It providadvebbased sharecanvas

similar to Google Docdpr students below university level to work together in clapproximately

18 Material ideas, figures, and tables from this chapter have previously appeared in eCraln(2015)
Appropriate permissions have been obtained for theseeof these materials, and can be foundigpendix D

f

Bubbl

This chapter presents collaborative work done with the collaborators mentioned in the Statement of Contribution

on page Vvi.
19 http://home.smarttech.com/
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“Don’t shout out to
the whole class”

“Practice patience
with peers and
technology”

Figure 5-1: Posters to remind students of good behaviours in thehared canvas The
highlighted textsaysi Dondét shout out to the whole cl
andtecmol ogyo.

ages six to seventeerjtudentsould be brainstorming, solving math problerabaring experiences

and constructing diagrams.

In this environment, studentgereoften times ver focused on their individual devices amaid
difficulties observing other students due to the physical distance and occlugexct, based on
teachersd feedback gathered by the pExperigncem mana:
a high level of frusttion since objects in the workspace were mysteriously moved or edited by peers.
This experience was as if a ghost was sabotaging their work. Since the system did not provide any
awareness information, studehedto make extra effort to observe each otine going near another
collaboratorand asking questions verballyome students woukhoutout to the entire class.
Teachers had to focus on behavioural istiyedeploying various strategieach as posting signs
about workspace etiquette, verbally reminding students not to shout out to the class, and asking
students to be patienith peers and technology while working together (Segire5-1).

The student frustration was identified by the SMART Afroduct team as the top priority to
addresswhich showed the extent of this problem for the teachers and studewesver,it was
unclear how to addrefise problem athe previous work on workspace awareness support focused on
remote collaboratiorgnd, thusmany of the awareness elements may not becajpid for a ce
located settingGutwin & Greenberg, 2002 he previous workin multi-device environments

primarily investigatedorovidingawarenesteedback onarge displaystather than on individual
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devicegMarquardt et al., 2012; Scott et &014) As a collaborative project with SMART
Technologiesthe SMARTam@g" environment allowedss to investigatéhe desigrof a practical
workspace awareness cue for students in a fheliice classroom setting. Weuldalso rapidly test
the design wh teachers and students.

We sought talevelop a practical awareness cue that bathasareness and distract&mhile
providing the essential informatiofo do spwe took a highly iterative approach and consulted
teachers throughout the projecte\stated with low fidelity sketches to explore the design space, and
we evolvedhe design through informal testing sessions, consultations with teachers, and evaluations
with teachers and dents.The final design wasreanimated cueCallout Bubble whichwas
positioned near an object askdowedthe identity of the interactof.he final evaluation in four
classroomprovidedrealistic feedback on the awareness cue. Our results showed that the awareness
cue washoticed, understood, and used. It did not déststudents from their tasks at hand. Moreover,
it allowed for coordination and setfionitoringbehaviouramong the students, andn turnalso

reduced workloaslifor teachers.

The resbof this chaterfirst gives more information on the SMART aipweb-applicationand
explairsthe student frustration issuenmredetail The design requiremendse presented next, and
they werederived fromobservations as well @sscussions with teachers and stakeholders in the
company.The overaliterative degin process islescribechext followed by a discussion on the key
design changes based on finelings from evaluation conducted throughout iteeative process
Following thefinal classroom evaluati@nstudymethod,the stud$ Bndings are presentedydusing
on the Call out Bubblebds i mpacts on studentsod behad
Finally, this chapter concludegith lessons learned in supporting workspace awareness in a multi

device classroom setting.

5.1SMART amp™: Online Collaborative Workspace

SMART amg™ providedstudentswith a collaborative learning environment, in the form of an online
shared canvas (s&égure5-2 andFigure5-3). It wasdesigned for multtevice classroorfor Bring
Your-Own-Device (BYOD) classroomsand it targetedgtudents below postecondary levelsaged

approximately from sixo seventeeh
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Free form,shared canvas »~ Drawing tools

pr{ FeosT0ZD 21 A

Multi-media, sharing, and \
chatting menu items

Figure 5-2: Screenshot of SMART amp". SMART amp™ was a commercial wekapplication,
and it provided an online shared canvas for multidevice classroomsSophiaK. was interacting
withthe A BYODO text .

The primary usage scenario was that each stucex laptop or tablet in the class, and SMART
amp ™ was a shared virtual canvas tlainnectdall students. Teachecsuldalsojoin the shared
canvas ortheir laptops or tablets. A digitalhiteboard by SMART Technologies (SMART Board)
couldalsobeconnecedto the workspace, but the applicatidid not require a digital whiteboard.
While the applicion was primarily used for céocated students in a classroom, remote students
could, individually or as a group, paripate with equal access. This waseful for students whaere
sick orhadto stay home for other reasosnall groupsouldwork in the same or different
canvaseswhich was useful for splitting the class into si@a groups for team activiteand then

converagingat a later time.
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Figure 5-3: Sample usage of SMART amp”. Teachers asked students to do a variety of

activities in the shared canvas. One example was to collaboratively brainstorm. In this case,
teacher pasted a Frayer model for students to brainstorm on mammals (as shown in the cen

circle). Students had toanswer the question in each quadrant: definition, characteristics,
examples, and norexamples.

The shared canvas allowetltiple students to work together at the same time. A te awigéit

askstudents to collaboratively brainstorm ideas, solve group qué o n s ,

C O rswriéing,t
and construct diagramBigure5-3 shows asample usage, where a teachskedstudents to
collaborativelybuild aFrayer model(Educator, 2015based on mammals, as shown in the centre

each

text. The students needto answer four questions on mammals: definition, characteristics, examples,

and norexamples. The teachersghtdivide students into smaller groups to worktbaesame or

different topics, and then converge the groups for a whole class discussion later.

In terms of the functionality of the system, studextisldadd text, shapes, drawings, pictures, and

website links as well as embed online images and videos in a free form nianusithe conterwas

100

ot



not restricted to a particular order or alignment, unlike a textual document. The contéddtdso be
moved,edited, andesized. The system also providéew controlssuch agpan and zoom. The
system was designed with touch devices in nmotudingtablets and digital whiteboards. Thus,
studentouldfreely zoom and pan the viewthligestures as well as skietwith fingers. A chat

system wa provided for student discussion within the workspace.

The original system provided limited workspace awassrsupport. The system reflectedHime
changes done by any st wdegamples whea student movedn cbjeat d e nt 0 s
from one location to another, all students connected to the same workapdbe object moving
across the screen, as opposed to seeing the object jump to the destisitidly. If a student
happenedo be focusing on othgrarts of the canvas, thémey wouldnot see this mvement. This
reakime update mechanism wasabled by the underlying structure, Google Realtime®A&id
any manipulation in the canvass being broadcastechmediately. However, one drévack wa that
the data being transmitted must be kept at minimal since the API onlyedifona limited amount of

storage space.

5.2Issues ldentified in Multi-DeviceClassrooms

Through discussions with teachers andlass observationgye found thastudentéfrustration while

working in the SMART am}’ workspacevasdue to the following two reasonghostingandaction

conflicts

Ghosting Since no identity information was shown to students when their peeesidding and

editing content in the workspace, objects were
awareness or permission. Students only sawtréalme updat es of the mani pul a
was as i f a ghost woskarsthe sharbdocaneag.i ng st udent so
Actionconflicts St udent s & ma n i nughtlcalitdeiwithreaclo dtheroFHorjexamples

multiple studentsnight simultaneously move the same object, or toieel tomove an object while

another studeritied to rotateti The underlying algorithmesolved the conflict andecided on the

final results based on the timing and the type of changes conducted. However, the system did not

20 hittps://developers.google.com/ciealtime/
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provide any information on the conflicting actions and why the objects changed unexpected|

seemingly caused by a studentés mani pul ati ons.

Students hatb verbally communicate with other students to find out who was causing problems
for them, and students often yelled out to the entire clasdkad inthe builtin chat system to figure
out.Tec her s r epor t e gelling buato thetentiee class wad disruptisivever,
resolving conflicts through chat system overflowed it and prevented it from being used for learning
purposes. These pr obl e ms siadassmon matageeens Altdougheac her s o
students did not intentionally disrupt other stud
information for student® prevent conflictdeadingstudentso unknowinglydistract others andet
into conflicting situatios Students onlyound out about the conflicts when it was too late. The lack
of awareness informatiaesulted in frustration and more coordination efforts for both teachers and

students.

5.3Design Requirements

Based on the prior research in the benefitsarkapace awarene@sutwin & Greenberg, 2000ywe
hypothesizedthta pr ovi di ng student s wiwbuldhepenidigatethe i nt er act i
frustration and confusion they experienced while working togefiais, it would allow students

focus on their tasks at harather than being distracted by the ghosting and action confitiite

another potential approach svib enforce locks on objects and turn taking, teachers preferred to let

students learrotrespectfully collaborate in a digital environment rather than automatically enforcing

a particular behaviour. Thus, we decided to pursue the direction of supporting workspace awareness

of collaborators in a shared virtual canvas. Through discussionseaithers and stakeholders within

the company, weerivedthe following requirements to guide our design process.

Balancing Awareness and Btractions

As studentsdé main objective in the workspace is |
students from their tasks at hand. The-fiewen canvagould be quite cluttered so the visual design

of the awareness cue needs to be noticeable aimpdishable enough while subtle enough to

minimize distracting studentndcluttering the workspaceétudents should also be able to visually

associate the cue to the correct object, given that objects may be in various orsesntatiomay only

be partally onrscreenThe current literature in balancing awareness and distraettbsices to
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creating a minimalist and abstract awarenesgRabbish & Kraut, 2004; Obermayer & Nugent,
2000)

Appropriate for Gassrooms

Astheta get st udent s @croasgveelveryaansfrem sixpoasevensgehrs old, the

cue needetb be understandable and appropriate for a aggerange. The design also neefied
consider st udent Ldarinclass apsewatiomsveadted thatunlike adults,s .

students were easily distracted and they rapidly and repeatedlyeshitiveen working and
socializing with other studentf he cue shoul d al so take teachersbo

consideration and maliscourage students from contributing to the workspace.

Moreover, the cue needéal be suitable for various study subjects (e.qg., language, science, history,
and math) as well as activity formats (e.g., individual work, small group, and large groue,clessl
brainstorming)In one lesson, teachargght transit between different activities and split students
into smaller groups and regroup students several tigtadentonly had dimited amount of time in
the workspaces since teachers typicatliized the class timdor several activitiesThus, the
awareness design should netjuire a lot oktudentéeffort and timeTeachersnight also use several
software applications and various websites in addition to the shared canvas for one activity

Applicable to a Wide ¥riety d Devices

Schools usg a wide variety of laptops and tablet devices with different hardware specificsticims
asprocessor speeds and display resolutidbhs. awareness cue design should consider only the basic
support anctould notassume a&ertaindisplayresolution, the presence of mouse pointers, or the
existence of a hover state. The aelmneededo be efficient enoughn terms of data communication

and performance to account for #lewer lowcost devices.

5.3.1Conceptual Design

Based on the design requirements, we would like to provide a transient awareness cue to show the
current states of objedtisat werebeing manipulated-igure5-4 illustrates our conceptual design.

When John is manipulating an object in the workspace (e.qg., text, shape, image, and video), all other
students see a visual cue appear,ifthegobjeceisoh t o t he

their screendeeFigure5-4C). The visual cue then fades away over time Egere5-4D).
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Figure 5-4: Conceptual design othe student awareness cued) Student John was interacting
with a star on his tablet. B) Another studentsaw that the star begarto move. C) With the
awareness feature, shiound out that John was movingit. D) The awareness cue fad&out
and disappeared after some time.

Showing identity informatiolf the student manipulating the object would address the ghosting
problem anddt gudents know who isactiyn t he obj ect. Moreover,
an object, it signals to other students that the object is busy and John is working with it. This
informationcouldhelp students to decide if they should still interact WwitBtudents may know that
their action does not conflict with what John is doing based on their split of tasks. Alternatively,
students may know that they should refrain from interacting with the object to avoid conflicting
actions. Thus, we expexttha providing the identity information would address the action conflict
problem

Studentsd active selection and interaction

Joh

wi t h

cue conveys the student sdé i de ntime tpgateaatttie objectc at i on i

state would give a sense of the current actions done by the student. Sincd sv¢ used e nt s 0
selections, rather than hovering, this approach alsoealdidr the devices that ditbt have mouse
pointers.Moreover, if an area alreadhgadmany awareness cues, studexasid coordinate their space
usage and find a less crowded space to work. ddhikl further prevent student conflictBhe cue
couldalsthel p t o c onv ey Itouldbalused bysedcherstd kaow ivher students

werecurrently paying attention to, and thisuldi nf or m t eacher s subsequent t

5.4 Methodology: Design Iteration Overview

We approacédthe challenge of designing a wopkse awareness cue thaldnaedawareness and

distractiors for students by employing a highly iterative approach. As there were many iterdtisns, t

sectionprovides an overviewf our design procesfom low- to highfidelity and the final redesign
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(seeFigure5-5). The nextsection focusson howthe findings fronthe variousevaluations with

teachers and students were used inteuations

High-Fidelity: Balloon

"""""""""" | Redesign: Callout-Bubble -

[
Prototype] | Digital Implemen- Performance 2 Clutter
Changes : Redesign i
g | Mock-up tation Improvement Reduction
=
Evaiation] ! Stakeholder Teacher 1 Informal Student 1 Informal Classroom
| Feedhack Consultation : Testing 1 Evaluation : Testing 2 Evaluation
-]
= 1 - 1
1 A B ! C & 1 Classroom
: | @ \ g? : - : Evaluation
VISL.-lal ; ™ . .
Design | | . 1 32 32 1
I = 1 1 D
| X 1 Full Opacity Fade 1
o [ S S A iy o S S | i i .oy SR 1

Figure 5-5: Iterative design process used for the Callout Bubble StudyVe used a highly

iterative design process to ensure the balance between awareness and distractions. There v
three major stages, in the order from low to high-fidelity. Boxes above the arrow depict the

actions taken to revise the prototypes, and boxes below the arrow are the evaluations

conducted. Boxes in orange denote evaluations with teachers and/or students. Pictures at th

bottom are the design selected fdurther iterations: A) Dots - sketched; B) Ballooni

PowerPoint mockup; C) Ballooni implemented with animated fading; and D) Callout Bubble

i released in the product.

5.4.1Low-Fidelity Iterations: Sketches

We started exploringhe design space throupanddrawnsketchesin this iteration, we considered a

wide range of design factossch asnteractivity, persistency, location, as well as amount of details

related to the identity of collaborators and actions being perforifigadre5-6 andFigure5-7 show

the diversity of ideas brainstormadle explored several different appahessuch ashe following:

1 interactive visualization to show information on demafidre5-6 andFigure5-7A and

Figure5-7B);
varying amount of informatiorF{gure5-7C andFigure5-7D);

location of the awareness informatidtiqure5-7A vs. Figure5-7C vs. Figure5-7E);

historical, aggregated information, e.g., heat mapdase n

user so

odati

over time after a user moveBigure5-7G) and edit history of the workspadeédure5-7H);

and

1 different types of awarenessanmation, e.g., interactiorfrigure5-7A), potentially relevant
events Figure5-7F), location Figure5-7G), and edit historyKigure5-7H)
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Section5.5discussefiow the design decisions were made

A B

~
There are three ‘?

students currently

interacting with Tap to see the
this star. identity of the

! interactors.

Figure 5-6: Initial sketches of the Dots deign. The Dots design was selected to move forwarc
to the digital mock-up stage. The dts next to an object representedhe number of other
studentswho wereinteracting with this object. Initials were shown when the users taped on
the dots.

A ® B @ C D
v NFG —
XEBC
32

22

® PN

3 AB BL DE
Use a light to Expand to show | Show interaction | Show interaction
indicate recent details upon types types and identities
interactions interaction
Proserg— ’ wu 4
E H —la_ -
I 7 -
= Al
o 43
Al 2
A7
Overlay of Show interactions | Heat map of peer | Detailed history of
identity outside of the locations in the interactions
information viewport shared canvas

Figure 5-7: Some of the designs from the sketching stag&.wide range of design factors wer
considered, such as showingarying amount of identity, different interactions, historical
edits, anddifferent locations for awareness information.

106



Throughseveradesign feedback sessionih stakeholderérom the company, thBots design
(seeFigure5-6) was selected to move forwalbdsed on our design requiremeiiise Dots design
showeddots nexto an object being manipulateahd the number of dots correspedtb the number
of peers currently interacting with the object (Begure5-6A). A bounding box actedsatether,
showing the boundary of an object agbociatinghe dotgo the object Upon inteaction, a popip
dialogue showetd hose col | aboFigue®6B)s6 i1 nitials (see

Next, higher fidelity digital prototypesere created usingowerPointWe discussed the designs
with other team members and stakeholders from the compadywe als@onsulted with three
teachersThrough our iterations, the interactivity was dropped considering the fact that targeting
small dots on screemas difficult. The visualization waalsoenlarged to increase noticeability.
Instead of showing nuber of dots, we varied the thickneswdlength of the tether to create a subtler
changeFigure5-8 shows somef thevariations of the digital moekips. During theconsultation
with theteachers, thegreferred the Balloon desiga minimize distractions (sé€igure5-8A and

Figure5-8B). See our design rationale $action5.5 below

0

(@]
o

Figure 5-8: Some of thedesigns from the digital mockup stage We iterated on the Dots
design, and came up with more variations of the awareness cui) Balloon, B) Elbow, C) Line,
and D) Elbow 2. E), F), G) and H depict when more than oneuserinteracted with the object
recently for A, B, C, and D, respectively.
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5.4.2High-Fidelity Iterations: Balloon

Next, we implemented the Balloon design ($8gure5-4C). When a student amipulated an object, a
Balloon appeared next to the object and faoletchftera fixed amount of timeée first conducted an
informal testing session with thirteenmpany employeassinga mocked clasAll participantshad
used the application withotlte Balloon cue. The lesson content was designed and taught by one
reseacher on the team whaadover tenyears of teaching experience. Based on the feedback, we

improved on the performance and the persistency of the cue.

Student Evaluation

With the impraved versionwe conducted an evaluatiom understand the noticeability of the cue and
how it would be used by students.iF Bvaluatiorwas intended t@et a seres of whether the

visualization wa useful for students in a muttevice learning environment

The program manager of the projestruitedoneteacher andeh Gade fve students (ages
roughly ten tceleven) from the existing user basand theyhadall usedthe68s MART ampE system
with no awareness cuebwo terrminute lesson plans on one workspaerecreatedoy the
researcher with prior teaching experiendée designed two pesbndition questionnaires, which
containedive-point Likert-scale and freéorm questionsand both questionnaires asked about
student s6 exper isehsawarenass of theie peeease btask facasand
frustration level when conflicts arosehe questionnaire for the Balloon condition also asked
specifically about student sd usSngedhesmdentt he cue and
participants were in Gradive, the Likert scale questions also had emoticons below the rankings
(inspired by(Bradley & Lang, 1994)to prevent misinterpretatiqie.g.,Figure5-9). Seethe
questionnaires in Append®.3. The lesson plans and the gtiennaires were piloted with five

employees from the company.

Very hard Hard Okay Easy Very easy

® © 6 O ©

Figure 5-9: Emoticons used for the Likert-scale questions in the student survey.hey were
used to reduce the potential for misinterpretations of answers.
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During the study,he teacheparticipantwas asked to ledthetwo exercises based on matesial
developed by the researcharsludingthe lesson plans, scripts, and a SMART &hworkspace
Studentsvere using laptops from their schobbr the first exercise, students used the system without
the Ball oon culatni $ hgot o gliesecand exdiddiWhfaoto da?roe your
favour i t esedheverbian aiththeBalloon awareness cugtudents completed a pest
condition questionnairafter each exercise, arfietstudy was vide@and audierecordecdoy the

program manager artdedevelopers who visited the school

The recordings and questionnaires were brought back for the research team to Binalldert
scale questions were coded from 1 to 5, and the scores on conflict frequency and frustration level
were reversed to so that higher score would correspondreoaanflicts and higher frustration,
respectivelyOne st udent 6s r -ecal@questorssver®axcluded sincelthe lstedent
did not fill out the Likertscale questions on the second questionnaire.

Since there was only one group of studentsdid not conduct any statistical analysis based on the
data collected. It s used as an informal assessmemthafther the design was heading in the right
direction and we sought to discover any major flaws in our de€dgm.results showed thaltlaough
all students notiathe cue, thewere unable to link the initials to the students in class and were

confused about who the initials belonged to.

5.4.3Redesign: Callout Bubbles

In the finaliteration we redesigned the cwesualization into a Callout Bubblesichincorporate
u s efirssnamesand pointedowardits associated object (sEegure5-5D). We conductedwo
rounds of informal testingessions witliifteenard sixteenparticipants using brainstormingask on

favourite foodsandasmalkgroup collaborationtaskn Ne wt on6s Three Laws, re

Based on the feedbaokes h o r t e n e dnimationto reducesp@rsistency. Moreover, we
found that there w&a need to prevent students from intentionally disturbing oimek$o better
convey pe eThaspwe arlytallowet done awareness cue per stuflargtudent who had
recently manipulatkan object startediteracting with another object, the previous cue on other
student s6 wor kaupmaticallyand a nevacpeappshoretite nore recent object.
This change preventesudents from invoking emy cues to create distract&ofor their peerdt aso

betterconvegdot her st udentsdé6 attention in the workspac
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A final evaluation was conducted in fatlassrooms remotely. Due to the software release time,
two classroomsisedthe version with multiple cues per students and the other two clasesdthe
version with one cue per pers(ithe method and resultsf theclassroom evaluation ane Section5.6
andSection5.7).

5.5Evolution of Main Design Factors

The findings frontheinformal testing sessions and evaluations with teachers and students@uide
design evolution. Throughout the process, we iterated on several aspects of the awareness cue design
to arrive at the Callout Bubble cue. This section presents the evolution of our design in four aspects:

visual design, amount of identity informationteractivity, and persistency of the cue

5.5.1Cue Visual Design

Our awareness cue consist#fdwo main componentss ct or s6 i dentity i nformatio
specify the object being acted updimroughout our desigiteration, we explored variowssual

representatido f t he c ol | ab othatether(esg§hapes] eolrd, ant Iocati®ns)aFord

example, the Dots desigRigure5-4A) showed aectanglebox around the star as a boundawy t

implicitly link the dots to thebject TheBalloon designKigure5-4C) used a grey tether and the

Callout Bubble desigrF{gure5-4D) had an explicit directiad tether pointing tanobject

Throughout the iterationshe visual design of the cue became more minimabsittmore
explicit. The Dots design evolved to become the Balloon design, which had smaller tether (one side
of an object, instead of a box around an object). The Balloon design was preferred by the teachers as
it balanced noticeability, distractisrand cluter. Our student evaluatioasultsshowed that &ten
students noticed the Balloon cue, d@here was small positive trend in ouneasuremesi(seeTable
5-1).St ud e nt sadareaesseof callgberatasss higher with the cue, and the rating for ease of
task focus also i mproved. The rating ofevawonfl ict

were also lower on average.
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Control Balloon
How often did you know what others were doing in your amp 3.78 4.45
workspace? (1: Never; 5: Always)
How easy was it for you to focus on what you were creating or 3.11 3.78
sorting? (1: Very hard; 5: Very easy)
When you were working in the ampworkspace, how often were | 3.44 3.22
other people in your way? (1: Never; 5: Always¥
When someone got in your way in the amp workspace, how did = 4.00 3.75

you feel?(1: Very happy; 5: Very frustrated) **

Table 5-1: The average responses for the Likesscale questions in the student evaluation.
The table shows students using the application without awareness cue (Control) and with
Balloons (Balloon).St udent s& r e s p o westrens. * hh @timg hés baen p o s
reversed so that higher rating corresponds to higher frequency. *The rating has been

reversed so that higher rating corresponds to more frustration.

Althought he positive trend in the

survey

feedback

the need to redesignthecuetm c or por at e s twasagparénsbased on ous t

names

observatior(seethe Sction5.5.2for more details We decided to adopt a Callout Bubble metaphor

in order tcaccomnodate for the longer identity informatigseeFigure5-10). The oval containethe

identifier, and we used a directional triangle instead of the more abstract grey tether line.

Having a more explicit tether pointiragthe object being manipulated simplifidte association of

the cue fola rotated object since the tetlpeovided a strong association between thienthe

previous designs, users needed to process the relative location of a cue to determine thel associate

object, and this can be difficult in a crowded workspace, especially for-fofreecanvas. Moreover,

the identifier in a cue stayed
is to the object (e.gkigure5-10C).

upri ght

regardl e

Figure 5-10: Final design of the awareness cue, Callout Bubbl®) Sophia K.was interacting
witht he @ BY QB) aue faded aut,C) cue readjusted its position when there was no

sufficient space at the top.
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5.5.21dentity Information

TheBalloon design (seBigure5-8A) us e d t h eandslastundiasas theirddertity r s t

information, and this representation provided many benefits. It requiréchal screerspace and

was consistent with how identitgformationwas displayed in SMART am. An obj ect 0s creat
and editomvereshown asnitials in asquare box at the top right corner of an object). Moredker,

cue was coloucoded to provide additional cues fidientity, and the colouwasuniquely generated

basedom studentds system | ogin.

In the student evaluation, seven out ofgardents reported looking at tBalloonwhen others got
in their way.However, we observed that students were still confused about who moved an object.
Based orthe video recordingstudents noticed the Balloon cue, but then they askedtwho
representé (e . g . [fAaWhsaot uidse?ndto.s AthetBhbtloomayidde gositive impact,
theinitials were not sdicient for student$o maintairawareness.

Thus,in our redesign,thet udent 6 s f ul | f was usddseerigume®-10p Thd | ast | ni
last name was abbreviatdde to the observation duriogr studythatstudents did not remember

the r plastnames

5.5.3Interactivity & Interaction Information

We considered a variety of designs based on whether the cue was interactive and how much details to
show for ot her u s e thesirderactivity o theacaet @cansidered how absgractms o f
theinformationshould baepresentedor examplepne design used greeryellow-red light Figure

5-7A) to show how busy this object waand usersould see more details by tapping on the light
(Figure5-7B). On the other endome designs shad the specific type of manipulation being done

by collaboratos (Figure5-7D), and the usergot detailed information at a glance without interacting

with the cue Although a mee abstract representation could helguce clutter, inight not be
noticeableenough. 8lecting snall targets on touch devices could alsallffic ult since thecuemight

even be moving with the object as a uses wmving or resizing it. Thus, we chose notise

interactive cues

The cue required no interaction from the usssghatit couldbe observed with peripheral
attention Both theBalloon and the Callout Bubble cues automatically appeared when a peer

manipulated an object.Wtast r i ggered by any actions t hsth modi fi e
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asresizng, moving and ediing text. To convey potential subsequent actiorgsiatention to interact,

selection of an object also triggerdde awareness cue.

As the cue wa nd interactive, all information needéd be incorporated in the static visual design
and this constraint challenged to keep the design informatiwdile minimalistic. The original
Balloon design increased the thickness of the téthmore studentsecentlymanipulatel theobject
(seeFigure5-8A vs. Figure5-8D). Althoughit was implemented in the higfidelity phase our
informal testingfound that only a few participants noticed this thickness change. Therefore, we

removed ths feature to simplify the design and reduce clutter.

5.5.4Persistency of Cue
The peersd i nt er abdcamearrelevam dsleey switckedtheimatteqtion t@ dthery

objectsor as timewentby. Thus, we desiggdthe awareness cue to persist fmmetime and then
automatically disappear. This approalithnot require students to release or unlock an object, and
fitted students work pattern, as they sd between work and play rapidlifloreover, it addressl

potential technical problenstich asinstable network connectisn

We tested different duration of persistency throughout our iterations. The Balloon design in the
first informal testing(seeFigure5-4, middle)faded away gradually in tesecondsHowever the
initials were barely readable by the tithe participantsoticed the Balloons. ThutheBalloonwas
adjusted to stagpaque for eightecondsind then fadeut for twoseconds.

Thesecondnformal testing (se€igure5-4, right) with the Callout Bubble revealed that multiple
Callout Bubble cues by the same studaetited moreinnecessary clutter the shaed workspacelt
also did not convey a studentds attention effec
mischievous studenbd overwhelm the workspace by selectimgnteracting withmany object$n
quick succession®ased orthe feedbackwe shatened the duratiosothatthe awareness cweas
opaquerom eightseconds tdive secondsThe Callout bubble then faded out in two seconds. W
allowed only one Callout Bubble per studdhta student manipulatka newobject while the
previouscuewas t i | | present in other studentsd view, t
disappeardand reappead next to the new object.

To ensure the Callout Bubblemairs visible nextto the object being acted upomhen an object
was too close to the edge becamepartially off-screenthe cueappearedn a different corner of the
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objectthat had enough space for the ¢seeFigure5-10C). If an object wa so big thathere was no

space in all corners, we displayed the Callout Bubble at the centre of the object.

5.6 Classroom Evaluation Method

With our revised Callout Bubble design, we deployed it to four real classrooms to understand whether

and how the Callout Bubble impedt he st udent sd wo wdntedookmow awar eness.
whether the cue was appropriate for such aweald application; thus, we designed the study to

maximize the ecological validity of our data. The teachers were teaching the lessons they dssigned

usual, and all the teachers and studest®existing users of SMART am.

To understand the cueds effectivengttes and bal anc
application with the Callout Bubbles wideployed in four classrooms (four teaclars seventypne
students). Due to the 0 mp aimernal software testing protocol, we had little control over the exact
time of software release. While all groups used t
in their classes, there were two siens of the Callout Bubbles: thirgight students (twolasses)
used the earlier versig@allout Bubble persistefir tenseconds and multiple csi@er student) and
the otherthirty-three students (twdasses) used the later versi@allout Bubble perdied for seven
seconds and only one cue per stud&ggAppendix Cfor thestudymaterialsncludingthe ethics

application, questionnaires, and coding results.

5.6.1Participants & Apparatus

The program manager recruited fieachers from the existing SMART afpusers. However, one
teacher had difficulty in opening the application with Callout Bubble and was not able to complete
the lessa with the feature. Thus, onfgur teacherand their students (severipestudents)
participated in the classroom evaluation. All participants had used our system prior to the study.

Students were in Grades three, four, five, and twelve (age roughly eight, njrmndseventeen
respectively. The group sizes ranged from two, three, andtsidents, to the whole class (twelve and
twenty-six students). Students used iPads, iPad Minis, and laptops.

5.6.2Procedure and Data Collection

We wantedto collect data high in realis@McGrath, 1984}o ensure the practicality of the awareness

cue; thus, we opted for a study design similar to a field study. The teachers conducted their daily
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lesson as usual, but used the versibtine application with Callout BubbleEhe teachers reported a
wide range of lesson topiacludingfractions, friction force, World War Il, and mineral There
wasalso a diverse set of activitiegludingreading, solving physics questions, watgjundeos,
researchindpistorical events anfigures and creating board gamé®r the four classestudied the
lessors lastedbetween twentfive to fifty-five minutes, and thaveragdesson time was 42.5

minutes.

At the end of their lessons, the stutdesnd teachers filled out an online sureeyGoogle Fornts.
All teachers were invited to participate in a phone interview session after the studyeaeacher

participated in the call. The study was conducted remotely, and no other data was collected

Questionnaires

The student survey focused on studentsd6 experie
conflicts, and their behaviour chan@ée student survegontained Likerscale, multiple choice, and

free-form questions. The Likescale qustionswerethe same as the es from the Student

Evaluationdescribedn Section5.4.2 However it did not use the emoticons since the particular

online survey tool we used did not allow images for Likert scales. The multiple choice questions

asked about whether students nedithe cue and how they resolved conflicting situations while

working together with other students. Theffee r m questi ons asked about st

change when using the Callout Bubble (vs. no Callout Bubble¥oaohy additional feedback.

The eacher survey aimed to gather information about the lesson, group size, divergent of lesson

plan, and their feedback on the CallB8utbble.See AppendixXC.4for teacher and student surveys.

5.6.3Data Analysis

We conducted statistical analysis on the Ligmdle questions and coding on the teachers and
studentsdé free form ans wer sscaleWestibng anchiesiedthgmp ot he s
with Pearson Correlations. For questions related to situations when other students got in their way, we
allowed students to skip the question if they did not encounter any conflicts. For these questions, we

excluded students whekipped the question so only fifgight data points were used

21 https://www.google.ca/forms/about/
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Code Definition

Who Show knowledge of who is working on an object or who is also
participating in the workspace.

What Show knowledge of what a collaborator is doing or what objects they &
working on.

Where Show knowledge of wheriie collaborators are in the workspace.

Coupling Show that the Callout Bubble helfhe student notice and manage

transitions between individual and shared work.

Communication Show that the Callout Bubble he&lfhe studentsimplify communication
between them.

Coordination Show that the Callout Bubble helthe student coordinate space usage ¢

learning
Anticipation Show that the Callout Bubble helfhe student anticipate peers' actions.
Assistance Show that the CallouBubble helgthe student in assisting peers.

Table 5-2: Code definitions for the workspaceawareness elements and activitie3he
definitions were adapted from the workspace awareneggamework by Gutwin &
Greenberg (2002)

We used Gutwin and Gr eenber g@GatwinoGrdersbgrga 2082) Awar ene
to code the freédorm answers from the students and teachers. We coded for the awaremesg<|
(who, what andwhenfor present information) and awareness activitupling communication
coordination anticipation andassistancg Two researchers coded the student answers and reached

full agreement on the final codin§ee the code definition ifable5-2.

5.7 Classroom EvaluationFindings

In this section, we report the quantitative and qualitative results from ouarmtiesis.

5.7.1 Awareness, Conflics, Distractions, and Frustrations

For the quantitatie analysis, we formed hypothesend testdthem through statisticalnalysesSee
a summary of our hypothesand sttstical test results ifable5-3 (see AppendixC.5for the full
output)
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Hypotheses Analysis results Pearson
correlation results

Having more conflicts correlates with Confirmedwith positive | (rss=.395,p=.002)
higher frustration. correlation

More awareness of collaborators Found that more (r71=.336,p=.004)
correlates with more difficulties to focus = awareness correlated

on what students were working on. with easier to focus

More awareness of collaborators Confirmedwith negative (rss=-.322,p=.014)
correlates with studentsfeeling less correlation

frustrated when other students got in their

way.

Feeling being able to focus easier on the = Not significant (rss =-.032,

tasks at hand correlates with less p=.810)
frustrated when other students got in their

way.

Having more conflicts correlates with Not significant (rss=-.191,p=.111)

harder to focus.

Table 5-3: Summary table of our hypotheses and test result$Ve confirmed that having
more conflicts while working together was a problem since it correlated with high
frustration. Awareness of collaborators correlated with easier to focus and less frustration.
This result showed the potential benefits of the Callat Bubbles. Other hypotheses tested
were not significant. Seélable 5-1 for the Likert -scale used.

Firstofall, wewantedt o conf i rm t hat sitfrustations whife warkingihthe ct s a
applicationwererelated. The statistical analysis confirmed that the frequency of conflict rated by
students was correlated with higher level of frustrafresr.395,p=.002).

Next, wewantedto know if the Callout Boble made mpr ov e me nt in studentsbo
peersd actions and t heiwhetfenitonadeedwton ih theg kustrateon h a n d
level. Almost all student&6/71)noticed the Callout Bubbleshich showed that the cue was
noticedle enough for our participants terms of resolving conflicts,early half of the students
(33/71)reported looking at the euwhen someone got in their way whiligeen students reportetthat
nobody got in their way, as shownkigure5-11, left. Thisshowedthat the cue was used for

resolving conflicts by the students.

As the Callout Bubble cu&asnoticed by most studentspatential disadvantageas that the cue
mightdistact students from their work. Thus, we hypo
action would be associated with harder to focus on tasks at hand. However, the analysis revealed an
opposite correlatian 't he st udent sd a wativaycaeatedwihfeasptomous 6 act |
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Figure 5-11: St udent s 6 canflicsraselutien artd behavibuechange questions.
Left) Selfreported actions taken by students when conflistarose. This wasa multiple
selection questionRight) Breakdown of students' answers to whethethe Callout Bubble
changed how they workd with other students. iNo, butsstudlentsthat i c a't
responded no but then commented on how their behavioschanged.
on taskqr71=.336,p=.004). This findingnight be &plained by that when a student knéhe
identities of the ghosts in the workspattesy coulddismiss actions that they already expedo
happenThus, the awargss cue allowed student to focus more on their tasks and not be distracted
by the need to figure out who was editing in the shared space. This alsmshatthe Callout

Bubble balanced the awareness information and potential distisaction

A t e & comment@onfirmed that the students were more focused on their work with the Callout
Bubble feature since students did not need to spend time and effort to find out who did what.

T4: It kept them moving on the project and not fo cusing on who was moving
what.

This result suggestatiat the Callout Bubblmay be baeficial in helping studentecus in a

shared workspace.

Furthermore, as the Callout Bubble cue was a new feature, we were convaignribdinitial
i wowo mo me ootuldbe distrdctig tortthe class, especially with younger studemtse
teachers reported that the initial moments of seeing the awareness cue was indeed distracting, but that
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quickly subsided after students got used to the fealtmeCallout Bubble balanced awareness$ an

distractiors appropriately.

We al so hypothesized that the studentsd awaren.
frustration when conflicts arose, and our analysis confirmed this by showing a negative correlation
bet ween awa rastiors arsl frustfatiop level wised conflict arase=(.322,p=.014).
Student§comments showed that knowing wWwerethei g host so hel ped with thei

explain the lower frustration level with higher awareness.

S21: Itis easy cause now we kn ow if someone is just messin g around cause
[of] the bubble.

S58: This Callout Bubble has saved my life because this can tell me who
has been touching my stuff and been doing stuff.

Whi |l e Student dadtis, it revealethienldevel of Gustatiexperienced by this

student without the Callout Bubbles, and the improvements and perceived valued of the feature.

5.7.2Comprehensibility and Behaviour Change

Next, we wantedto know if students understood the information presented by the awareness cue. Our
results showed that students understood the cue and were able to act upon it. For example, a student

commented that the identity information helped subsequently resolves conflicts that arose.

S34: é we now know who the soulenciesowé canfhe xrtob
easily.

One of the fredorm questions askestudents ithe Callout Bubble changed how they worked with
other students, see resultdHigure5-11, right. Morethan half of the students (45/71) reported the
Callout Bubble changed how they worked witheats, while twentwtudents reported that itddnot
change their behaviour. sstudents did not answer or responded with irrelevant comments.

119



L
o

Number of Instances
= M L E=y
o o o = (]
(5]
[¥n]
l w
I h
I .
F .

Codes for Awareness Information

Figure 5-12: Counts of awareness elements and activities coded.

Moreover, students commented on the type of awareness information they have gained, see coding
results inFigure5-12. More than half of the students (43/71) reported knowing the identity of peers
(who). Half of the students (35/71) reported knowing the types of actions being carried out (what),
and they also showetid ability to link identity with the interaction observed. For example:

S17: Yes [Callout Bubble changed my behaviour] because if someone was
making a picture the size of the wor kspace | could see who it was.

Finally, there wereeightstudentsvhose commes showed that they knemhere other peers were
working in the shared canvakhese studest Somments on their behaviour change and awareness

gain suggestethat students understood the meaning of the Callout Bubbles.

5.7.3Student Coordination & Sel-Monitoring

As confirmed byeights t u d e nt ss@n knowingwdaret other students were workinghe, t

CalloutBubbl e hel ped st ud e ndcaions amcukentdoas obdttdnon. Tret udent s 6
codingresults showed that some students were abigt@ use othis information andninestudents

commented thaCallout Bubbles allowed them#ont i ci p at eangceoedmaedthein ct i ons

actions accordingly (sd€igure5-12).

S2: ... |1 knew where other people were working so | knew where to do my
thlngs so | wouldn't get in the way of others
S40: N ow it's easier to work so you know whao's working on somethmg S0 you

don't get in their way.
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We designed the awareness cue to help students coordinate the virtual workspace, yet we found

that it was also useful for coordinating learning activiti@se student commented the following:

S3: If I seen someone working on that part [of the project] | would go to
a different problem.

Although only one studembmmented on the ability to coordinate the order of solving a problem,
this showed the benefits of providing Callout Bubbles to facilitate the coordination of learning

activities and space usage.

In addition to coordinator, the awareness cue was alsoasseavay to monitaqg r oup me mber s 0
progress, and the teacheieedbackndicated that the Callout Bubblead an additional benefit of
allowing self-monitoiing among the stients. This als&eptstudentsaccountabléo each otheduring
the collaboration,dr example:

T3: It kept them more on task and they kept each other more accountable
for what wa s happening i n t he work space é [ ke
accountable] helped improve efficiency of work and helping students
identify wh ere to work in the workspace...

5.7.4Teacher Monitoring

While the Callout Bubble was designed for students$sa benefitedhe teachers. One teacher
commented that the cue made troubleshooting esisigx student activitieserealso visible on

individual devices. Teachers did not need to get back to their device for a special teacher view to see
attribution, which is a feature where teachmsld click on objects teee who created and/or edited

them

T4: Ithelped me for having to look and see who was doing what if a student
had a problem because | coul d see it right on their screen.

Moreover, since the awareness automatically appeadwhen an object waseing manipulated,

thisreduced the codgfive and physical workload required to monitor student activities.

T2: | could keep tabs easier on who was doing what without having to check
attribution [a feature in our system], and it was real - time.

5.7.5Concerns with Showing Identity Information and Clutt er

Although our findings showed that the Callout Bubble made positive impacts on both students and
teachersd work, one teacher r ai seduddntidenttg.oncer n
Shy students mighie reluctant to act in the shared wspice since other studeotsild seetheir

work. However, the teacher thought that the benefits of the awareness cue cedivegboncern.
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T1: My only concern is that some reluctant collaborators will not be free
with their responses if they know all ot hers will see it? But really
this shouldn't matter. The p ros outweigh the cons for sure.

As we were working with teachers and students closely since the start of the project, we were
cautious about not to discourage student participation while providprg@pate amount of
awareness information. Thusewlesigned thawareness cues to be transient, and required minimal
user interaction to view and dismisseWelieve thatthe negativeimpactof showing iderity

information in this manner vganinimal.

In terms of clutter, the Callout Bubble worked fine for the group sizes tested. However, a few
teachers felt that having the ability to turn on and off the feature would be-thiage feature for a
cluttered workspace. We found a similar issue in ouriméb testing sessions. Awareness ought
not be useful depending on the lesson type and number of users in the workspagample, with
a brainstorm type of activityf the availdle area for working together waallwith many users
studentsould notavoid bumping into each othdn this case, even if students kntheidentity of
other users, there was very little that students abolb negotiate the space usdgereover, if
stwlent sé6 work only | oosel ynotlaespoagindes df wokspaseac h ot her ,
awareness other than being able to find empty sgiac@edd their ideas. Similar to what Conversy et
al. (2011)found when studying tabletop interface for aifficacontrol, people do not maintain

awareness automatically when no meaningful collaboration relationship exists in the workspace.

5.7.6Summary of Results

Overall, our findings shoedthat the Callout Bubble cue fulfilled the design requirements. It

achieved dalance between awareness, distrastiand clutter. The students noticed and understood

the cue, and they were able to coordinate anehsefiitor based on the identity information presented

through the Callout Bubbles. Tloee also improved theteacked cl assr oom management

allowing them to troubleshoot problems and monitor student activities easier.

5.8Discussion

Our design process (s€egure5-4) and the clasepm evaluation revealed insights into designing a
workspace awareness cue for a maddéivice classroom setting. In this section, we discuss the lessons

learnedn terms of the design of the cue and designing for avedt multi-device classroom
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5.8.1DesignLessons

Visual Desigh and Amount of Information

As we refined the balance between awareness and distegbtiongh our design iterations, the

visual design of the cue evolved to become more minimalistic and precise. For example, in the Dots
design, we sed a rectangular box as a tether to associate an object with its dots. In the Balloon

design, the tether was a gray stick, and it became a directional triangle in the final Callout Bubble

design to more precisely associate the identity with an objeelciaip considering a cluttered

backgroundad r ot ated objects. Il n t h ¢hickBesbadseWdom desi gn,
number of recent interactions on the objeat dropped to reduce clutter since it was so subtle that

only a few people noticeitl

We also iterated on the identity informati on,
colour were insufficient for our target population, students. Thus, we had to incorporate additional
information, studentsirst namesDesigners should consider the suitabilityaofidentity

representation fgparticular domaig e.g., initials vs. full names, or roles vs. names.

Interactivity and Persistency

Interactive visualization can help with reducing clutter by showing more elgiaflormation on
demand. Using more abstract representation can also help reduce distréigéibhish & Kraut,

2004) However, in the context of a shared ffeem workspace, mabstractndicator may not be
noticeable enougsince t may be too smafor students to use their peripheral attention to stay aware
of their peersln a crowded fredorm canvas, distinguishing a small indicator from actual contents
may be diffcult. Moreover, students moléitely want to check the identityyformation because

another student is manipulating an object. In this case, selecting a moving indicator can be
challenging, especially on touch devices. With these concerns, we decided to show identity
information directly instead of using abstract spisbDesigners using abstract interactive

visualization as workspace awareness cue should consider these drawbacks.

The persistency of the cue was iterated many times, and we found that having the cue stay opaque
for five seconds and then fade out in tsggonds achievkthe balance between awareness and
distractiors. The cue ha to stay visible for fiveseconds to give students time to notice and read the
identity information before it faded stovey. An a
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adjusted depending on the target user population, size of the workspace, structure of the workspace,

and the existing visual clutter.

Conveying Attention on Touch Devices

Since touch devices used mmanyschoolsdid not have stylus for hover support, thel@at Bubbles

werei nvoked by a studentds selection aedothenani pul at.i
students to infer who vgaworking on what where, andthuscormgg st udent 6 s current a
The selection actedsa way to show thatstudent wa intending to work on an object.

Our approach only showexlvareness cue for active interactions with an objectpandesign
allowedus to show only the active period of student work. In a lesson, teachers sometiines use
multiple applicationsn conjunction with the shared canvas. For example, studegls be actively
gathering information on our solar system in various websites and simulation apps, while trexy seem
to be idling in the shared canvas. Moreover, students sdtotween worland play repeatedly and
quickly so even when thayereworking in the shared canvas, thegrenot always active. Thus, by
representing a persistent objéely.,mouse pointejor a propertyof the workspacée.g, current
viewpor{), the visualizatioomight be showng an idling object, which added the clutter in the
workspace and distrad students. Thus, we found the showinglseint s® acti ve interact
the design to convey usersd attent ioormppiwach pr ovi di n
wasmor e aligned with studentsd work practices. For
objects or properties of other usersd workspaces,
represent the level of activity to communicttat there may be studeatttivities outside of the
workspace. This is especially important for domains that have long down times with intense work
period as well as that have multiple applications used in conjurgtinagmergency response

teams.

Awareness for Collaborators and Moderators

lnamulttdevi ce c¢cl assroom setting, student sdé activitie
students6é bodies typically occlude their screens
attention to Although the awareness cue was designed for students, the teachers found that the cue

helppdt hem i n monitoring student sédthemenitwi ti es si nce

information. Thiss howed t he need to supportli-dedcger at or sé awa
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environment. Applications with moderators should consider how the workspace awareness support

facilitates or hinders their situation awareness.

5.8.2Pedagogical Concerns

At the beginning of this project, we decided to provide workspace awarenesbte social

protocols to mitigate confliatather than enforcing coordination behaviour through locks on objects.

This addressed the teachersdé6 concern of encoura
enforcing a particular behaviour.

Usingtransient cues that automatically apgend disappeadaddressed the concern of

(@)

showing student i dent i weyeshownfpermaheatlyshyandlbw but or s
performing studentsiight be discouraged to participate, while high performinglentsmight feel
embarrassed to stand out in the class. The transient nature of the cue helped to minimize this issue,

and our results showed positive improversénn s t andrenedss and coordination

By showing awareness cue for active selectionimtedaction, our design supported student work

patterns and teachersé usage of multiple devi

(@]
D

t hroughout our design process, we were able t

(@)

the unigie needs of our target users, students.

5.8.3Practical Concernsin Designing fora RealtWorld Application

As the Callout Bubble waes feature in aealworld application, there were several practwahcerns

that impacted thapproaches taken ourresearchiad t he Cal design.ForeRampldy| e 6 s
some of the concerns i nc |commerdial wloes effeciivengss,t he Cal |
robustness, performance, scalability, and ease of software code maint8adanoeing these

practical concerns andaaemic contributions of this research was essential to the success of the

project. We did so by employing a highly iterative design process to frequently receive feedback from
teachers, students, and various stakeholde¢he companguch asigherlevel managers, program

managers, user experience designers, and software developers. Furthierowriéerations and

evaluationsthe need to ensure commercial sucedssmadet he Cal | ou't Bubbl ebs ef
realistic environment a top priorityhus, afield study washosen as iprovidesrich dat with high

ecological validity(McGrath, 1984)and we could leverage our accesteachers and students

comparison, while conduci a controlled experiment would héfpunderstaniohg the precise
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effects of Callout Bubble, it was perceived to be not as valuable due to thealasmn andecological
validity. The practical challenges faced in this research resulted in a preferersearch methods

that allowed formorewdl e pt h expl orati on and uwoddémpactsandi ng of

In terms of t he CuetoltheunderlyBg software aichiteatuee arid gatential d
network issues in many schoalsrepregnedan interaction eventther than the state that a user
wasmanipulating an objecWith the potential clutter and distractions in mititg cue disappeared

automatically We also limiedthe cue to one per student to better convey attention.

Due to he slower network and devices used by many schools, we decided to use more efficient but
| ess accurate calculation for the awareness cueos

update less frequently than desired to optimize for performance.

5.9 Summary

This chapter presented an investigation on a workspace awareness cue fdewitgticlassroom
involving personal devices connected via a large shared virtual work3praoagh an iterative
design process involving teachers and students,takeGiallout Bubble design balanced awareness
and distractioawh i | e r e d uc i n gsbyaenabling fudentd to seddonitkrlaral a d
coordinate The Callout Bubble tBdyalsoprovided importanand practicatonsiderationgor
designing avorkspace awareness dnethe context ofnulti-deviceclassrooms. The neghapter
brings together the lessons learned from both the TimBturdyand the Callout Bubbl8tudyto

provide overall design implications for-tacated technological environntsn
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Chapter 6

Di scus sDeosnil gamidi cat i ons

The pevious three chapters presémb user studieghe Timeline Study Chapter 3andChapter 4
onsituation awareness support for collaborative tabletop systems involving dytaictieaging
data,and theCallout Bubble StudyGhapter $ onworkspace awareness support for mdévice
classroomsThedesign implicationspecific to these gtlieshavebeendiscussed in their respective
chaptersThis chaptepresents theverall design lessons learnfgdm the twoinvestigations in

supportingawarenestr co-located collaborative systems

6.1 Support the Secondary Task Awareness

While maintaining awareness of the dynamic changes in the environment and of collaborators is
importantt hese pr oc e s mansobjectiveeof collabbrationsT ledr godis are

accomplishing the work rather than attending to the states of the corsystesn and the

collaborators. Considering that maintaining awareness is the secondary task, this research sought to
provide awareness support without distracting users from the primary task and aimed to not be in the
way of the collaboration process. Iretfimeline Study, the timeline does not place restrictions of its
usage based on temporal factors (e.g., the phases in the game). As a persistent display, it allowed
users to interact with it at their own paces during the collaborative work. The de€lghanft
Bubblesallowed students to work witheers as they desiralthoughthey were not discouraged from
behaviours thatiolatedthe commonsocialprotocols the desigraimed tominimize the effects of
misbehaviours. For example, only one cue per situslas allowed so that students could not invoke
many cues to intentionally distract othddesigners should ensure that the awareness information

seamlessly cexist with the primary task and does not interrupt the primary task. Furthermore, while
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providing awareness information, designers should carefully handle the potential interference which
negatively impacts the primary task. The rest of this section discusses the key design lessons learned
in supporting a secondary task: awareness. First, awai@medshstractiorevelsneed to be balanced,

and subtle visualization may credigher levels oflistraction due to lack of awareness. Next,

awareness information should to be integrated to foster quick recognition, and designers need to

consider the peistency level of the awareness information.

6.1.1Lessls Not Always More

As awareness maintenance is the secondary task, minimizing distractions created by awareness
information was an essential design guideline in the two investigations. This design coimckm is
with many other guidelines for information visualizati@ufte, 1983)and for awareness displays
(Dabbish & Kraut, 2004)

During the design iterations in bothudtes, the visual design of the awareness displays became
more minimalistic and more specific. For example, in the Callout Bubble Study, the tether changed
from a vertical stick to a directionalywithri angl e i
the objects being manipulated. However, in some cases, the design became too minimalistic and thus
ineffective. Users did not notice them or could not comprehend them quickly. For instance, the
Pandemic digital game by Wallace et(@D12)usedanimatiorsto draw user@attentionand guide
them through the cimges. The animation faded out and created no lasting clutter to the interface.
However, it was ineffective for providing situation awareness due to the inherit constraints of
collaborative work around tabletop systems such as distractions from collabaradtire constraint
of not being abl¢o see the entire large display. Similar challenge of minimizing distracioh
clutter was also present in this research. In the Pandemic digital game developed in this dissertation,
the replay animations were faito be insufficient for users to quickly identify who triggered them
and distinguish them from system ani mation trigge
colourcodi ng was too subtle to conveyometinesl | aborator

confused the replay animation with system animation.

Furthermore, inhe Callout Bubble Studyhe original SMART amjd’ system showed rediime
updates of changes in the workspace without any identity inform&i@m thouglhhis approach
createdminimal visual clutter in the interface, users were unable to make sethgeabfangesThey

were distracted and confused by the seemly mysterious changes made by theingekeshad to
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spend extr&ffort inverbalcoordination to remedy their deiient awarenes$n an attempt to
minimize clutter and distractignthe early version of the awareness cue prototype (Balloon) used
studentsd initials to represenbutineflectiviefor i dent i ty.

workspace awarenesgmintenance

The investigations of awareness support Hiooated collaborative environmestiowed thaless
is not always more. When the system provided litilaoawareness information or when the visual
design was too subtle, the awareness support leecsuorificient. Users had to spend additional effort
and timeto maintainthe situationawarenesand workspace awareness necessary for their work.
Designers of cdocated collaborative technologies need to consider balancing the awareness
information andlistractions to ensure sufficient noticeability and comprehensilillggignes also
need to be mindful of the clutter in the existing workspace to ensure that the awareness cue is

noticeable enough.

6.1.2Support Progression of Awareness kevels

The two investgatiorsin this dissertatiomevealed that the design of awareness displayssiteed

foster the progression of situation awarenegsls and the comprehension of workspace awareness
elements. The three levels of situation awaréngssception, comprehesi, andprojectiord
presendifferent information needs, and thesilgn of awareness displays shaosugbport all three
levelsin a collaborative context hisis consistent witlthe previous design guidelines for situation
awarenesabout supporting all lets of situation awarene@sSndsley, 2012)While the interactive

event timeline was designéal be useful for all three levels of situation awareness, the design focused
largelyon theperceptiorevel. The qualitative resultsom the Timeline Studghowedthe timelines
were mostly used for perception. Its low usage for the comprehension and projectiomégvbks
explained by the greater effort needed to gaiormation for higher level situation awaiess with
timelines than other system featureésr examplewhenprojectthe future system state and prioritize
actions,checkingthe summary of recemtutomated even(tn the discard pilerequired less

interaction than searching through the timeliseeSection4.3.3. The discard pile was also used
more frequently for projectionVhile one system feature does not need to support all three levels of
situation awareness, thegpplicationas a whole neexto facilitate maintenance of all threguation
awareneskevels. Designersustbe mindful of the needs of each awareness level to provide the

appropriate information in an easily and quickly accessible nnanne
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Category Element Specific questions

Who Presence Is anyone in the workspace?
Identity Who is participating? Who is that?
Authorship Who is doing that?
What Action What are they doing?
Intention What goal is that actiopart of?
Artifact What object are they working on?
Where Location Where are they working?
Gaze Where are they looking?
View Where can they see?
Reach Where can they reach?

Table 6-1: Elements ofworkspace awareness relating to the present information of the
collaborators. This table was reproduced from Gutwin & Greenberg's workspace
awarenesdramework (Gutwin & Greenberg, 2002)

Whil e Gut wi n (@002wokspare awarenesg ftamewdill not explicitly discuss
the progression of awareness leviis researchievealed a similar negd connecthe awareness
elementsThe workspace awareness element of present infanmeontained three main categories
of information: who, what, and where (SEzble6-1). Even when all three types of information are
provided, there can still be breakdowns in terms of the comprehension of multiple awareness
elements. For example, in thémeline Studythe replay animation triggered by collaborators
incorporatedall three tyes of informationwho (i.e., coloucoding of playewho triggered the
animatior), what (i.e.animatedcons symbolizing the type of evenktmppenel] and where (i.e., the
city being highlighted on the mapJowever,processg the colourcoding andsyrthesizingthese
different cuesvere difficult toaccomplishin a short amount dfme. Asaresult, users were
sometimes surprised and confused by the replay ginimaiggered by collaborator$hus, the

replayanimation was not effective for the compeakion of multiple cues.

In contras, for the Callout Bubblethe identity information waattached to the objects being
manipulated, and this design provided who, what, and where in a simple form. Through the iterative
design process, the identity information became more explicit and apprdpritite students, and
the tether for connecting the identity and the object was refihgthermore, the final design
provided reatime information with minimal interactions from the users by animatingCdeut

Bubbles Theevaluationalso showed thahe minimal work to maintain the workspace awareness
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was beneficial for the teacheBased on the two investigatigribe design of a arkspace awareness
displayneedto ensurghat the ifferent awareness elementan be comprehended quicltya

synthesized manneGutwin and Greenber@002)pointedout several benefits of suppiog

awarenessuch as coordination of actions and anticip
therapidcomprehension of awareness cues can help users maiot&space awarenegsallow for

predicting future collaborator states achplifying coordination.

6.1.3Persistency of Awareness Information

Situation awarenesad workspace awareness presentdifferent typs of needsHow long the

information stays relevant should be considered to decide @etkistency leveln the context of
synchronous collaborative work, as studied in this dissertation, workspace awareness focuses on the
coll aboratorodés ranmgieant acue oins, mama sxuitt abl e. Tt
previous interactions to the current work depreciates very quickly as new collaborator actions can
overwrite the previous changssch asn the case of muHilevice classrooms. In the case of

browsing actions as in timelines, such interaction does not have permanent impact to the system state
and are transient in nature. Thus, a transient cue is more appropriate. A persistent display of

coll aboratorsé acti ons oficial forlprevidedashisteridal ascountiofs p a ¢ e
changes introduced by collaborators. Such history log can help callatsocatch up othe changes

that happened while they were away from the workspace or during the time they could not attend to

the workspae such asn loosely coupled work and in asynchronous collaboration. Designers must be
aware of these two different needs of workspace awareness and address them accordingly.

A persistent information display was essential for maintaining situation avgargiven the
collaborative context and potential distractions in complex tabletop systems. While animations
provided a quick anchinimal-effort method for users to stay aware of the automated changes,
persistent displays, such as the interactive evenlitiese allowed users to gather situation awareness
information at any time. Moreover, a nparsistent display (e.g., animation) only gave users a fix
amount of time to capture complex changes and required users to recall information after the
animation wa complete. fiecomplexity of data and amount of time required to notice, understand,
and form discussion and prediction should also be considered when determining the persistency level

of the awareness information.

131



6.2 Workspace Awareness Elements i€o-located Technologies

There has beesignificantresearch worlon general workgace awareness eleme(isury &
Williams, 2002; Gutwin & Greenberg, 2002)nlike in a remote collaboratiosetting, n a @-located
workspacesomeawareness information cée gathered through observatigithout system support.
Userscambserve each otherés actions, postures, and f
awareness. For users of thelooated systems studied in thikssertationalthough they were eo
located in the same room, thevassome physical distance betweabem (seeSection2.3 for the
classification of cdocated systemsSuchsystens needo actively providesomeamount of
awareness information sincastdifficult to obtaindue to the physical distance between the
collaboratorsHowever providingall possible workspacenareness elementisrough the system
would createdo much clutter and distractigrilhe investigations on tabletop systems and multi
device classroomgrovided insights into what workspace awareness elerseotsd be provideth

theseenvironments.

In contrast, most situation awareness requirements are derived based on thetagleaifid
domain(Endsky, 1988, 1993, 2000and therare established techniquasich as cognitive task
analysigChipman et al., 2000jor gathering the requiremenSince situation awareness
requirements vary drastically across domains, this section focuses on the workspace awareness
elementsTherest of this section first describes the pattictypes of systems studiedftame the
design recommendatioridext, based on the docated technologies studied, tieeommendations
about whichworkspace awareness elementpriavideare presented, followed lgesign

considerations fothis context

6.2.1System Features

In the traditional physical workspace, only physi
interactions are restricted by the laws of physics. However, digital technologies have enabled more

fl exible interacti naraction with the shaseo svorkspde glaatesie r s 6 |
technologies can be broken down based on how the following three key spaces coincide: physical

input location, virtual input location, and virtual impact location.

Physical Input Location (Control Space) The physical input location represents where the
physical input is occurring, i.edhep hy si cal | ocat i on siodirecitouchser 6 s body
surfaceenvironmentsUs er s actions in the physical i nput spa
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(Pinelle et al., 2003 However, users may not always be abletos er ve each ot her 6s6

given their seating arrangement and distances in thacated workspace.

Virtual Input Location (Display Space / Cursor) The virtual input location represents where the
input is in the virtual world, and itisnotadwy s | i mi t ed to the useroés phys
users may be using a mouse or phone as an input device to a large display. In this case, their physical
location is different from where their pointer (virtual input) is in the virtual wafidual
embodimergthatareusedta e pr esent user s Oprovidea wayfer tollabanapoist | oc af

to observe consequential communication of their actions in the virtual space.

Virtual Impact Location (Display Space / Animation / Feedback Location)The virtual impact
location represents the location of the ra@sglaction in the virtual world. For example, users may
press a command button on the border of a tabletop interface, and the changes are reflected in the
shared tabletop area. In this cabe, physical input location happens at the bgraled the virtual
input location is in that same border space. Howstaeryirtual impact location is at the centre of the
tabletop When virtual impacts take placéetchanges being reflected in the systaiow for
feedthroughThe observation of changes in the share artifacts helps a user to understand

coll aboratorsdé mani pul ations in the workspace.

SeeFigure6-1 for the three types of interaction derived from the diffecamcidingrelationships
of these locationsandseeTable6-2 for examples of each typ&he proposed interaction types and
the classification are by no means complete, but they act as a framework to contextualize the different
types of interactions orabletop and mulidevice environments. Further research is needed to map

out the design space and investigate a comg&tmomy of interactions in éocated technologies
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Physical Input

Propagation of Action

Virtual Impact

Indirect Interaction

Direct Interaction

Figure 6-1: Three types of hteraction in co-located technological environmentsThree
interaction types emerge based on how physical input, virtual input, and virtual impact
locations coincide: direct interaction, indirect interaction, and propagation of action.

Tabletop Systems Multi -Device Environments
Direct 9 Photo browsingOtmar Hilliges, = § Pour data from phone to tabletop
Interaction Dominikus Baur, 2007; Scott et (D. Schmidt et al., 2012)
al., 2005) 9 Use tablets to view slices of data

1 Collaborative browsing and editin
(Morris et al., 2010)

Indirect 1 Mouse input(Hornecker et al.,

Interaction 2008)

9 Laser beanfNacenta et al., 2007)

Propagation of = Replay animation in tinimes;
Action 1 Photo tagging with replicated
control (Morris et al., 2006)

Table 6-2: Examples of different interaction types.

on tabletogSeyed et al., 2013)

9 Personal devices as pointers to
public displaygMasuko et al.,
2015)

9 Student edits on their devices are

reflected on other devices



Direct Interaction. Direct interactions areshenall three spacesoincide wher e t he wusers
physicalinput, virtual input, and resulted effecare at the same locatiddirect interactions are
common in many tabletop plicationssuch aphotobrowsing(Otmar Hilliges, Dominikus Baur,
2007; Scott et al., 200%)ndcollaborative browsing and editirfiylorris et al., 2010)In multi-device
environments, each device is perceived as an eBiigmples of direct manipulatiotechniqus with
multiple devicesncludeusinga personal device to pour data ontalaldtop(D. Schmidt et al., 2012)
and to view slices of data on a table{8eyed et al., 2013Direct interactions requirore explicit
body movements such as reaching out to the objects in the group tabletop tef8tamie&
Carpendale, 201@r perforning gestures and devigeovements in mukdevice environments. Since
the usersd actions ar e fadlitae consbguentiavcarbnunecationd i r e c t
(observation of coll aboratorsdé bodi eshhisiand feed
consistat with findings comparing dired¢buch interactions and indirect muitiouse interactions on

tabletop systes Hornecker et al., 2008)

Indirect Interaction. Whenonly the virtual input and impact locatisnoincideg interaction
techniqus allow for indirectly manipulating the content. For example, there hasWwedn
examining usingnice (Hornecker et al., 200&)s inputs for tabletops, rather than direct touch of the
virtual objectsSeveal interaction techniqueslow users to reach the entire workspace through
interaction in their personal spasach as laser beam, radar view, and virtual arm embodiments
(Doucette et al., 2013; Nacenta et al., 200heseinteraction techniquegpically allow users to
interactat the border of tabletagystemsFor multidevice environments, indirect interactiomsy
involve individual devices aatg as pointer®r controllergo the publidarge displayg, for instance
Masuko et al(2015) Observing consequential communication may be more challenging for indirect
interaction than for direct interactionssnc user s may have difficulties o

actions in their personal territori€Scott & Carpendale, 2010y on their individual devices.

Propagaion of Action. Whenonly physical input and virtual inplibcationscoincide this type of
interactionrepresents propagation of actiorA us esiadion in one location caresult inchanges in
other pars$ of the system. The replay animatimiggeredby timeline interactionss an example of
propagation of actiarWWhen users tapped on events of interest on the timeline, theyalked
highlights n other parts of the system, gtge game mapn the shared workspacEor the mult
device classroomstudied a st udent 6 s wereréflected imatherfotatorse., de vi c e

ot her studentsd devi c epspagationbfiactidiPropagation ofactioner e xam
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presents challenges both in terms of consequential communication dttatdagh. For

consequenti al communicati on, the actions conducte
devices are difficult to observe. Without feedthrough support in the system, the propagated changes

invoked by users can be confusing or may tramletely missed.

As thethreelocationscoincide lessobsening awareness information without system support
becomes more difficuland thusaises higher awareness demantts the systemFor propagation of
action on tabletops, while the small gestdoesnvoking replay animation through timelinesquired
less physical effortat carry out relative to physically pointing at the board, it provided little
i nformation for consequential communication. The
found about the adeoff between physical effoednd workspace awarendsta et al., 2006;

Hornecker et al., 2008; Pinelle et al., 2Q08Mhile propagation of action allowed for minimal

physical effort to reach more of the tabletop interface, maintaining workspace awareness became
more difficult thanwith direct interactions. Furthermore, Hornecker e{2008)found that
cdlaborators using direct touain tabletopnterfaces experienceanore interferengebut were able to
resolve interferenceore quicklyrelative to groups using migendirect interadon). Thelatter

groups reportetbwer workspace awarene&milarly, thisthesis investigatiofoundthatthe lack of
information aboutvho changedvorkspace awareness elensntthereplay animatiortausedisers

to spend more effort coordinating andokving confusion verbally.

Much existing work hatcused on comparing direct and indirect input metlibldset al., 2006;
Hornecker et al., 2008).ittle work has examined the awareness needs for propagation of action.
While the investigatioeiconducted in thislissertatiordid not explicity comparethe different types
of interadions, they provide valuable lessons in informing the awarenessds The next section
presers recommended awarenaedgmentgo supportabletop systems and muttevice
environmentsspecifically fordirect interaction and propagation of action.

6.2.2Workspace Awareness Elements

The results ofhisresearcltonfirmedthe importance of the overall thraerkspace awareness

categorieproposeddy Gutwinandcr eenber gb6s wor k s p a(2082) alsoveshowmness fr e
in Table6-1. However,explicitly supporing all elements in a ctocated workspace would create too

much clutter and distract usefss Gutwin andGreenberg alsnoted co-located groups wilalready

know some of the awareness informatitinus fewer elements need to pevided by the systein
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colocated environment8ased on the two studipeesented in this dissertatiorable6-3 andTable

6-4 present the recommended elementsrawvidein tabletopsystemsand multidevice environmest

In both tables, the awareness elements are based on the workspace awareness framework by Gutwi
and Greenber(R002) adapted to exparwvo elementso provide more specificityl heintention

element undethewhatcategoryis broken down intinteractionandcommandinteraction

represents actions that do not have permanent impact to the system statshared workspasach
asexploration of informationCommandepresents actions that permanently modify the system state
such asssuing commands through the interface and editing contents in the workspaloeatiba
element undethewherecatgoryis broken down into three categories, physical input, virtual input,
and virtual impact, as discussexthe previous sectiof.able6-3 showsdirect interaction and
propagation of action for thabletop environmengand it provides a ranking of whettepiece of
awarenesformation is easy to observe without additional system support and whether supporting

thisawareness information recommended

For direct interactioin a digital tabletop environment, mastthe user actionsappen in the
shared workspacandare plainly observable by collaborators. Thus, very minimal support for the
current actions is needed. However, given the poteatisaactions in the environment for complex
domains, historical supports of commands that modify the system states can become useful for

collaborators to catch up and for debriefing purposes.

For propagation of action, the presence andtigenformation are observables well as
coll aboratorsé | ocati on, gaze, -lovateckinvthe sesmed r each
physical space. However, the rest of the information can be difficult to gather in great detail. Since
actions that triggeredfurher event s i n the shared workspace at
space, observing the exact actions being carried out by the collaborators agchagknowing
exactly which buttons were pressed. Consequently, knowing exactly who just npetéfia shange

(authorship) for what reason (intention) can be difficult.
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Tabletop¢ Tabletop¢
direct interaction propagation of action
Category| Element
Ease to| Recommend to | Ease to | Recommend
observe| support observe | to support
Presence easy no easy no
Who Identity easy no easy no
Authorship easy no hard yes
Action eas no medium es
y - hard y
. medium
Interaction | easy no yes
What . - hard
Intention o -
yes for historical medium
Command | easy yes
events - hard
Artifact easy no medium | no
Physical
: no
Input easy-
Location Virtual cas o medium | yes, connect
input y the two
_Vlrtual no hard
Where Impact
Gaze easy no easy no
View easy no easy no
Reach easy no easy no

Table 6-3: Recommended workspace awareness elements to provide for tabletop systems

For di

rect i

nteractio

n,

users

ca

n obse

r\

support is needed. For propagation of action, the system needs to provide more awarenes
information since users do not tend to observe actions that take place in personal

territories.

Further more,

knowi

ng

collaborators do not typicalljonitorot her s 6

wher e

t he i

mpact

of

col

act ialepass(Scott & Carpendatee r s o n

2010) For systems that involve propagation of action, designers need to carefully chosider

connectu s e

physical input andirtual impact locations). Consideg the previous design recommendation on

A

rso
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supporting progression of awarentsgls desi gner s neeochprehemsiooafnsi der u
multiple cues to connect the information. In addition to the location information, designers should

al so support wuser sd awa rlydisteguishthe differenhcollabdratoks wh a t |,
andactions.

Designers should also ceider thatlereisav ar yi ng degree of granul arit
awareness of each other. Although thegy not be able tobserve the exact detailsofo | | abor at or s
actions they carusuallygaina rough sense of what others are workingamtions)with which tools
(artifacts) at which area of the workspace (locatigiile these elements are recommended to
support, designers should be aware of the level of support needed given the particular task domain.

Collaborators may not always need to knbe éxact details.

Table6-4 illustrates the ease of observation for workspace awareness elements and whether an
elementshould be explicitly provideth multi-deviceenvironmentsHere, only the propagation of
action interaction type is considered as it is assutmatdisers are distributed across devices in this
colocated setting. Thus, not all information can be easily obse@althborators may also sit in
variols arrangements, rather than sitting around a table. They may be sitting shoslumnlder
next to each other or one behind another. Thus, presence and identity infoaratimmer to
observe in this context. Tiasevelavothelartfdcts theytaroeusiagd a c't
also become difficult to observe due to the small screen size and physical separation. Consequently,
aut horship is diff i culpghysitatitinghtosagon caebe abservede their. Wh i
virtual location cannot be observed without system supjpotihe case of the shared online canvas
for multi-device classrooms, students cannot easily know where the collaborators are in the virtual
canvas without verbally communicate this information. The ahitybserve the virtual impacts
made by other coll aborators is | argely constrai
spot the changes in time. | n t ecambsn both physisabr sé g a
and virtual world they are broken down to physical and virtualliable6-4. Al t hough a wuser
physical gaze and view can be difficult to observe due to the seating arrangement, their physical reach
can be inferred based on where they are ipklysicalspace. However, the virtual gaze, view, and

reachcannot typically be observed givire smallscreen size.
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Multi -device environmentg
Propagation of action
Category| Element
Ease to observe Recommend to suppor
Presence medium no
Who Identity medium no
Authorship hard yes
Action hard yes
. Interaction hard nice to have
What Intention
Command hard yes
Artifact hard yes
Physical Input | medium no
Location | Virtual Input | hard yes
Virtual Impact depepdlng on the size o yes
the viewport
Where Gaze Physical medium no
Virtual hard no
View Physical medium no
Virtual hard niceto have
Physical medium (inferred) no
Reach Virtual hard nice to have

Table 6-4: Recommended workspace awareness elements to support for mwdevice

environments. Since users are distributed acrosdevices in a room, most of the awareness
information is hard to observe. Several key awareness elements are recommended, and

some are ranked as nice to have to avoid clutter.

Although many awareness cues are difficult to observe, supporting all of thdthereate too

much clutter Furthermore, not all of them present enough value to outweigh the additional
distractiors. The Callout Bubble gidy showed that who made what modificati¢authorship

action and commandon which objects (artifact) at whicbdatiorsin the shared workspa (virtual

input and impact) ismportant to support. In the case of a shared canvas, the virtual input and impact
locations ar¢he same in the virtual canvakhough they are presented on diffengmysicaldevices.
Severdinformationelements areanked asice to havdor they are not as urgent and do not require
the same level of saliency in the interfa€eowing what other collaborators caiew and reach in

their virtual space as well as their interactionscanhelpu s t o

coordinate actions. However, designers need to be cautious of potential distractions created by these
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awareness cues. These elements were explored in the early design phases in the sedouid study,
were dropped @k to the potential distractions and technical difficulties (e.g., no mouse comsors

tabletsand difficulties in deteting outof-app interactions).

6.2.3Factors for Designh nsideration

Gutwin and Greenber@002)notedthatawareness elemesdo not all haveequalweigh in the
interface. Thigesearch found similar resul&nce users can gain a rough sense of some of the
awareness information, designers noapsiderprioritizing information that is difficult to gaisuch

asthe changestriggr ed t hrough usersdé actions in their pei

Furthermore, depending on the task domain, some awareness elements are more important and
need to be more salient than oth&st all scenarios require the same level of awareness support.
Gutwin and Geenberdg2002)suggested designeisconsider two factors when deciding on the
importance of each element: the amount of interaction between patrticipants and the amount of
dynamic changes to an awareness element. Simiolyyersy et al2011)observed dyadis anair
traffic control taskand found that when no meaningful collaboration is present, the Hgptigery
little awareness of each other. Awareness is only a need wherstaeneaningfu dependency
among the user§or example, when students are doing a brainstorming exercise, they only need
enough awareness information to avoid and resolve conflict in space msegmparisorto more
intricatecollaborativescenarioslessawareness information is need€dr instancewhenstudents
areresearchng on physical&ws or social sciendssuegogetherfor anin-classpresentationthetask
requires more dtaborative effort and there is more dependency amonmémbersin this case, the
awareness information is important for users to

accordingly.

In the colocated context, users are both physically and virtually present, and this distinction
provides another dimension for design considerations. For example, in tegrogiding awareness
of useridentity, a usemaybe identified by their names wiork roles. As they are collaborating,
there may be a temporary role associated with the session or the actifitgshe area of
responsibility for the particular collaboration
gameplay. Designertiguld consider how to represent users in the session and whether their
permanent identities in the reabrld or temporary identities in the virtual workspace are more

appropri at e. In terms of a wuser 6s tuablacaionsaen, des
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more relevant. Users are located both in the physical and virtual space. Virtual locations may be

wherea u sviewpdrtssin the virtual workspace, which problesnuser is working ongr wherea

u s ewvirtbabembodiment is locatg@.g., an avatar)The physical location may sometimes provide

more contextual information to the users. For example, when trying¥ap awareness information

for propagation of actiomia digital tabletop application, a visubat points directly at faere auser

is physically sittingnay be more effective than pointingeat u svigual@osationsuch awirtual

game position and tihreutitdmbodiememivd s ohmeat spnuser so
reach based on location and size of thigwports are more important to support than their physical

view and reach.

6.3Bridge Situation Awareness and Workspace Awareness

This dissertation focused on the concepts of situation awareness and workspace awareness, but they

are not mutually exclusive coapts. Gutwin and Greenbg2P02)described workspace awareness

as fila specialized Kkp. 418)Fa & coleboratioracccurong in adigitad e ne s s 0
workspace, other users are also part of the workspace. Their interactions contribute to the dynamic

changes in the workspace and are also part of the situation to maintain awareness of. In Gutwin and
Greenl2e0R)y® 8w, wor kspace awareness focuses on the
interactions are the situation to maintain awareness of since many collaborative tasks do not involve

high level of dynamic changes. In the collaborative tabletop contexthiéyaivere concerned with,

such as calesign, cebrainstorming, and ewriting, changes in the workspace are solely driven by

collaborator actions. Similarlyhe Callout Bubble Study multi-device classrooms found that

supporting workspace awareness w#fient for students since almost all of the changes were

driven by student sd p e e rsgstemsAdvolvirg automationj consideting case o0
the concept of situation awaren@ssddition to workspace awaren&gss essential to inforiine

design of the timeline, due to the amount and complexity of the automated events.

Automation can sometimes be seen as a collaborator, e.g., an artificial intelligent partner in a
shooter game. However, due to the nature of the automation used inongsigxcdomains, there are
different design considerations. For example, the automated events are not negotiable in scenarios
such as command and control and emergency respons
can usually be negotiated and ifhced. Research from the hurartomation interaction literature

has also indicated several key probleaiatedto working with automated systerssch aglistrust
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and overreliance of automatio(Endsley, 1996; Lee & Seppelt, 2009Yhile these problems may

also be found in collaboration with humans, handling them with an automated system calls for
different solutions. Furthermore, the workspace awareness framé@woiikin & Greenberg, 2002)

was developed specifically for human collaborators and does not fully apply to maintaining
awareness of automation. As thelooated collaborative systems seek to support more sophisticated
apgication with increased levels of automation, situation awareness is an important design

consideration.

Even when all changes in the workspace are driven by human collaborators, some scenarios can
still benefit from the concept of situation awarergsshasteachers maintaining awareness of
student s6 wor k-depiae olassroersmrsd worksho@ orgarizerd naintaining awareness
of participants in small groups. Such scenarios are similar to the supervisory control of automated
systemgCummings & Bruni, 2009; Sasangohar et al., 20Mthough no automated actions are
present, the supervisors are monitoring individual entities (e.qg., students and participants), which
closely resembles the situation of monitoringoemated devices. As multievice environments with
many celocated users become a prevalence form of a collaborative workspace, situation awareness is

an important consideration for the supervisors.

6.4 Summary

The investigations conducted in this dissertatievealed insights into the design of awareness

support for cedocated collaborative systems in several aspects. First, while awareness maintenance is
a secondary task, supporting saaieed requires careful considerations irabaing awareness and
distractiors. Furthermorethe system shoulfibster the understanding of different aspects of

awareness elements gmabvideinformation with appropriate persistency level. In the context of co
located systems, providing all awareness information, as a rewlztboratiomneedswould create

too much clutter and distractigto the main taskThe investigations presented in this dissertation
revealed key workspace awareness elements to provide in tabletop systems adevioalti

environments, specifically fodirect interaction and propagation of action. Finally, this research
broughtthe literatures isituation awareness ambrkspace awareness together, and thesdodies

of literature are important considerations forlaoated collaborative systems.
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Chapter 7

Conclusion and Future Wor k

This dissertation has presented two investigations into awareness suppotofated collaborative
technologies. The investigations focused on environments where the physical separations between
users increase the difficuds in observing the collaborators and the environment. In such contexts,
the awareness of system states and collabodatctions is potentially deficient. The literature review
presented ilChapter Zevealed a gap in providing situation awareness of automated events and
workspace awareness of collaborators itiaoated collaborative environments. For the design of
situation awareness gigys, the existing worfocusesmost |y on supporting indivi
awareness, with little attentigraid tothe collaborative aspedf3ohn, 2008; Sasangohar et al., 2014)
Tabletop systems are increasingly being applied to complex task domains. However, existing work
tendsto focus on interaction techniques for collaborating overtieed data and provides limited

sypport for situation awareness and historical informati®wrtolaso et al., 2013; Conversy et al.,

2011) Furthermore, most of the research on workspace awarenesssimcuiemote settings, and

there lacks understanding in balancing awareness supptehtial distractiog and clutter in co

located collaboratie contexts. This dissertation preseahesfirst step in providing insights into the
design of situation awaness and workspace awareness supportliocated collaborative

workspaces.

The Timeline StudyChapter 3andChapter 4 was motivated by the observadgerconfusion and
frustration whileuserscollaboraedin digital tabletopsystemsThrough the literature review in the
areas of situation awareness, automation, and uipion recovery, an interactive event timeline was
designed and implemented since it was showedace response time and improve decision accuracy

for singleuser applications involving automated system cha@ls et al., 2005; Sasangohar et al.,
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2014) A two-phase user study was then designed and conducted to understand how two design
factors,control placemenandfeedback locationmpactedsituation awareness and how to adapt the
timelines to the context of collaborative tabletop systéihe.study results showed the effectiveness
of individual timelines in improving situation awareness and revealed that the timelines were used as
a tool toperceive dynamic changes. Furthermore, the study provided insights into designing situation

awareness displays for collaborative tabletop applications.

The results of the Timeline Study also showed that users were sometimes confused or distracted by

the feedback triggered by collaborat@sd displayed on the shared tabletajphough users were €o

|l ocat ed, there was a | ack of workspace awarenes.
t h

observing each ot her 6s artheistmmredworkdpace washteorsubtber e ,
dueto the result of seeking to minimize distractions. A follop study the Callout Bubble Study

(Chapter %, on workspacewareness support was conducted in a Fdeitice classroom since such
environmentheas i mi | ar chall enges for coll aborators t
the multidevice classroorsettingstudied, the teachers and students regartrigh level of

frustration due to the lack of awareness feedback of collaborator actions. Thnategatave design
processa visual cue namedallout Bubblewvas designed and developgedsupport workspace

awareness maintenamin multidevice classroom3.hrough a field study, the results showed that
Callout Bubbles provided laalance between awareness and distragtomoted setmonitoring

behaviours, and reduced workladdr teachers.

7.1 Contributions

The TimelineStudyand Callout Bubbl&tudycontributed to the design of situation awareness and
workspace awareness displays by providing empirical data to understand their effectiveness and
usage. Based on the lessons learned in both studies, this research also presiddulverall design
recommendtions for awareness support irlooated collaborative systems. This secpoasentshe

contributions of this research.

7.1.1Design of the Timeline and Understanding of Its Impcts on Situation Awareness in A
Collaborative Tabletop Application

The Timeline Study contributed in the design of an interactive event timeline for situation awareness

maintenance on collaborative tabletop systems involving automation. It empirically evaluated two
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design factors dhetimelines to advance the understiggdof timeline adaptatiom this context.

The Timeline Study revealed the benefits of individual replicated timelines for improved situation
awareness, and showed a correlation between timeline interactions and improved situation awareness.
The video anlgsis ofthe configurable timeline usage foutlgatthe timelinewasbeneficial for group

work sinceit acted as aorrecthistorical account for individual perception of automated changes and

for team members to negotiate their knowledge of the changese$ults suggested providing

timeline designs that make information of automated obmngadily accessible, encourage

interactiondor complex automated changesd allow for flexible work patterns in a group. The

Timeline Studyalso provided insightisito how to further improve the timelireesignand

highlighted the importance of workspace awareness support even-inGatsd environment.

7.1.2BalanceAwareness Support and Distractios in Multi -Device Classrooms

The Callout Bubble Study contributed iretesign of a practical workspace awareness cue for an

online shared canvas in the context of md#vice classrooms. Through a field study, it provided
empirical results showing the effectiveness of th
monitor i ng and coordination behavsincdassmam As a resul t,
managementverereducedThe iterative design process provided insights into design considerations

for balancing the workspace awareness support and potential dissactioght forth by the cue.

7.1.3Design Implications for Co-located Collaborative Systems

Throughthese two investigationghis research also contributedstset ofoverall design implications

for colocated technologies in terms of the how and what to support in this environment. Designers of
co-located collaborative systems shoaidh to provide awareness information that seamlessly co

exists with the primary tasknd foster the understanding of different awareness elements. Both
situation awareness and workspace awarearessucialdesign considerations for docated

collaborative environments.

7.2Limitation s

Althoughthe twoinvestigations were fruitful and providénsights into designing awareness supports
for colocated collaborative work, the studiesd severdimitations. For theTimeline Studythe
Pandemic gamasedas thestudycontextprovided a platform for rapid prototypingnd itwas

effective in eliciting complex planning and decision making behavidMmogeover, ts turnbased
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mechanics simulated the long down time andtstyurs of urgent discussions tharesimilar to

other contexts such as emergency response and militaipgraitowever when applying the
interactive event timeline to other domainsyduld need tdbe adapted to represent rtiale data

that may impact its effectivened¢everthelessthe Pandemigame provided a context for quick
iterations and resulted important desighessonghatother celocated collaborativéools shouldalso
consider andcontrol placemenandfeedback locatiomerevaluable factors that other designers can
apply.

The study recruited only experience Pandemic players, which helpgditoize necessary task
training and reduce the overatlidy timeThe player types are expected to provide different insights
into timeline usage&Vhile the novice players may rely on the timeline more than the expert players
and provide more data onet learning curve of timelingthis decision allowed for the collection of
rich data of complex strategizing behavioursa reasonable amount of tin@iven the potential
concern withthe sample populatiothe study broadened the pool of participantsgayuitingfrom

the local community.

TheTimeline Studywasconductedn a laboratory settintp maximize controbf the studyfactors.
However, in the fieldsuch asna p e r s o nid a@ gaineoshogherewould bemore distractions
in the environment and people may not always be around the tabletop systems. Thesedgctors
af fect us er srithdtypenothistoricat infarrsatioghatwas the most importanEor
example, usemnight navigate to check previous historymore i nvesti gate coll abot
action.Thus, withmore interruptions to the work, the importance of the timatiag increassinceit
is a persistent displagan help people gathsituation awareness. Althouglifferent usages of the

timeline would be expectedthe timeline would still be an essential awareness tool faakie

The Callout Bubblewas evaluateth the fieldt o gai n realistic data of st
of the featureConsequentlythere was verlittle control over thevariables in the study. Students
came from a wide variety of age range, and were workingrious studysubjectsactivities,and
group sizesThis limitation also restricted the types of statistical analysis that were appropriate to
conductonthe dataHowever the data wakigh in ecological validityandit resulted inrich
qualitative data to support the effectivenesthefdesign.Thesedata also helpetb validate the

practicality ofthedesign for a realvorld application.
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7.3 Future Work

While valuable insights were gained in this research, more work is needed to fully understand how to
addresawarenessaeeds in cdocated technology settinghis sectiorpresens potential future

research directiorstemming from this work

7.3.1Extending the Analysis of Timeline Interactions

The Timeline Study produced rich data of particip
future, it is possible to usdfferent framework to analyzéedatato gain further insights=or

example, the distributesituation awareness thed8tanton, 2016; Stanton et al., 2006, 2010)

indicates that individuals and computer sgs@resubsystems thall store awareness information,

and they are coupled by the interaction and information transaction among them. This presents new

ways to view and analyze the interactions among users and various awareness devices in the system.

In the future the Pandemic ganmaay be deployeth the fieldsuch asn a game cafe. There may
be more interruptions in a realistic environment, which may make the collaboration style loosely
coupled.Currently,participants checked the actions of otheratmdrators infrequently and mostly
used the timeline to understand automated events. While this finding showed the importance of the
historical information contained in the timeline for gathering situation awareness, it also showed that
not all historical nformation is equal ithe co-located tightly coupled contegtudied Since users
collaboratively discugxland decidé on the strategies, they had little need to check this information.
If the Pandemic gamseredeployed in the field, iferent needsnight arisesuch asatching up on
ot her coll aboratorsd acti ons.whédnpeeplears sotabvbysa ni mat i o
aroundthetabletop systemand different elements on the timeline may become important. Future

research can explore ttimeline usages in this case again new insights on the timeline design.

7.3.2Enhancing the Interactive Event Timelines

In the Timeline Study, articipantsconfused h e ¢ o | Irepléy@ninzatnsassysiem
automated game eventurther researcmayinv e st i gat e how t o i mprove the r
visual design to better support workspace awarei@ssdesign will neetb provide a stronger link

bet we e n intdragtioruos e titnaline and the shared game board.

Moreover, the current timeline sign left the burden of managing the feedback location on the

users. Future worknay investigatether ways of managing the feedback locatioch agesture
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control. Overall, further researataninvestigate how to provide fekdckthrough of collaborataer 6

current actions in a elmcated settig when automation is involved.

While the interactive event timeline was designed for situation awareness maintenamad, it
potentially be a device for sharing discoveries of crucial information or events. Fegasecltan
explore ways for users to share information through timelines and how timelines can be improved to
better support strategizing activities. A tabletop application can also enter a sandbox mode for

simulating various strategies, and it will ingportant for timelines to adapt to different modes.

7.3.3Enhancing the Callout Bubbles

From the Callout Bubble Study, the informal testing sessionsesuaties feedbackevealed thathe

Callout Bubblemay not be effective faactivities involving darge goupof userssuch as

brainstorming In this scenariohie workspace can be crowded with large amounts ofausated

contents, and the awareness cue may add to too much clutter or may be ditfiedistmguisted

from contents. Furthermorstudents d not necessarilwantto maintain workspace awarenessce

their goal may simply be to find empty space to place their contents. Future research may investigate

Call out Bubbl ebs effectiveness in suchnextreme

Another direction is to examirtbe task taxonomy fatifferent learning activities in tharge
collaborative virtual workspas¢o support specific phases of the learning prodesask taxonomy
could provide deeper understanding of the tabled need to be supported at different phaséseof
learning processuch adrainstorming, researching, exchanging ideas, connecting ideas, and
presenting results. By gaining deeper insights into the tasks, Callout Bubbles can be iterated to tailor
to the different phases.

Considering the vastnesswftual workspaces anthatstudents may bdistributed across multiple
workspaces, they may not know the relevant actoesirringoutside of their viewport. Further
research may investigate a relevancyleifor new changes. ppropriate algorithms for notifying
students of relevant actionan be developed to provide awareness of relevant actions or contents

while minimizing distractions.

7.3.4Investigating Multi -Modal Feedback

Theresearclpresented in this gsertatiorfocused on investigating visual cues to display awareness

information. Other modalitiesuch as sound and tactile feedbaealso be explored. Many games
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make use of vibrations from the game pad and sound to provide feedback of the sugr¢eugdi
coming close to a boss fight) and partnersd statu
revived). Future work may explore their effectiveness in providing awareness information for co

located synchronous work.

7.3.5ConsiderRole-Based Support

Theinvestigationconducted in this dissertati@tso called for more rolspecific support in the

collaborative environmentThe Callout Bubble Study revealed that teachers also had difficulties

maintaining awareness of student actidifsere isa need to provide supervisory agmaess displays

for teachers in theulti-device classrooreettingto better inform theitime and attention allocation

among the groups of studentg®achers have different objectives in the workspace, andhéves

different awareness needs (e(@¢-Lenh et al., 2012; Martineldlaldonado et al., 2012)An

awareness display with aggregated information of the class will help them determine how to best

allocate their attention and guide the class activities. latsmact as a debriefing tool for teachers to

review student activities after the lessés.the teachers are constantly moving around in the

cl assr oom, such visualization can be pcaebeent ed on
presented on the digital whiteboard in the classroom, which would make this information publically
available to the entirecladgs.ut ur e wor k al so needs to consider tescg
data that is pedagogically appropriate for all stislemsee.

Although the design of the interactive event timeline and Callout Bubble did not incorporate the
roles of the different members in the team, they can be redesigned to highlight the different
information need. In the Pandemic game, each team arémals different special ability concerning
their usage of shared resources and more convenient ways to carry out particular actions. Due to the
differences in their ability, it is possible to make different parts of the timeline more salient and also
to remind them of their special ability. In other contexts, the timelines may be highlighting
information to suit the different permission level and area of responsibility, or timelines may show
only relevant and permissibieformation Timelinescanalsolsgp | i ed t o st udientsdé col
give them a high level overview of the work progressiontandlines carhighlight relevant events
or present information in different structurased on roles'he Callout Bubble can also have
different visualizatios to highlight more relevant edits.
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7.3.6Support Different Styles ofCollaboration Workspaces

While the research presented in this dissertdtionsed on céocated synchronous workspaceshia

two studies, the concepts of interactive event timeline andaheuCBubble can be applied to other
types of collaborative work. @aborative workspaces can be broken down into four quadrants as
proposed by Johans€t©91) co-located vs. remote by synchronous vs. asynchronoukbdated
workspaces refer to users working in the same physical location while remote workspaces refer to
situations when useesedistributed. Synctonous work refers to people working at the same time

while asynchronous work refers to people working in shifts and thus require some forms of hand off.

Co-located Synchronous (NoiTurn-Based)

The event timelingoresented in this dissertation shoveetlin-based view and had a fixed structure.

In the future, ittan beredesigned to incorporate reahe datalt may be applied to mukievice

classrooms to provide situation awareness for teachers. By providing aggregated information of
student s 6 tahcet itviinteileesne coul d help i mprove teache
and their classroom management. The timatane become a representation closer to an information
dashboard, which contains information such as amoumwfcreations of ob@sin the workspace

for each group, idling time, and visual overvi e

Future work can also consider adapting the timelines to other dothatrisvolve reatime data
such agnilitary training Designers need to considadditional concerns related to handling +iale
data. For example, users cannot control the pace of automated events, and new changes may happen
while users are exploring the changes. Historical events in the timeline may be related to a moving
object onthe shared workspace, and the timeline may be moving as time ticks. The visual design
needs to investigate how to provide situation awareness for the user to understand the connection
between the historical events and the moving objects. The systeneatsdonconsider how to
provide workspace awareness of interactions involving moving objdtheugh the visual design of
the timeline will be quite different to incorporatsattime data, the main features of thedractive
event timelineshould be mserved, e.g., contain historical information, present meaningful overview
data show detail information upon interaction, highlight events in context, and present meaningful

static visualization.
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Co-located Asynchronous Work

The interactive event timel@s can be applied to asynchronous work to facilitate-bérid many
domains such as emergency respolmsthe Timeline Study, thenamated walkthrouglof previous
game events, shown at the beginning of the study sessions, was helpful for participadésstand
large amounts of historical information. However, it took time for the participants to watch the
animation. Similarly, Scott et g2006)found that animated interruption assisteaguired longer

task completion time than the bookmark assistant interface, which allowed users to select from a
timeline to replay a specific animated sequence of eveintelifescouldincorporate controls for
animated contents to support the hafffdprocess during asynchronous weéokreduce th viewing

time. Attention will also need to be paid to adapt this approach for fusdti environments to ensure
the appropriate balance between the power of an individual and their distraction to the augire gro
Further research is needed to optimize the design for timeline as an awdigplagand a hanaff

tool for asynchronous work in a collaborative environment.

Remote Synchronous Collaborative Work

Callout Bubblecouldalso be used for synchronous mmworkspace. A student who is sick at home
could participate remotely by connecting to the shared canvas, and a group of stod&higork on

their homeworkin the shared canvas fraimeir respectivehomes. In a remote scenario, Callout

Bubbles are evemore important since they provide workspace awareness to help users fivitbout

is working onwhatandwhere Design teams may conduct remote brainstorming sessions that require
people to work in parallel in a shared virtual workspace to gatherasessnnotate or modify each

ot herés work. Callout Bubbles can be adapted
presentation in a frerm workspace, such as Prézwill also need Callout bubbles to keep each
other aware of new edits and work gress.

Remote Asynchronous Work

The SMART amp" application has also beesed for remote asynchronous wolrformal
observatios showed that students sometimes misinterpreted the meaning of the Callout Bubble in
this context. Schools sometimes organizessschool collaborative projects. Students would be

22 hitps://prezi.com/
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working in the shared canvas at different times since they have different scliedtiie particular
class. Students entering the workspace might see new changes. Since the system provided no
historical information of who conducted which types of edits on which objects at what time, the
students attributed the changes to any studemicontinued to edit the previously modified objects.
Studentssometimes questioned tbarrent editor about changesaeaby previous editors of the same
object. This created confusion in the collaborative workspalees,studentsnay benefifrom

similar historical information provided by tlienelines for catching up to the changeshis context
However, further resgch needs to explore how to engage users to use tisigirexploring large

amouns of dataand how to optimize the visual presentation of events in timelines

7.3.7Applications to Other Collaborative Domains

Interactive event timelineend Callout Bubblesan be applied tother collaboration contextThe

interactive event timelines can be applied to other contexts such as debriefing in military trainings. At
the end of the session, the timelines may be explored to highlight the progression of the aitdation
major decisions, and this can be a learning opportunity for the trainees. Furthermore, the timeline may
be adapted tother celocated environment where a monitor needs to keep track of the activities
happening in the workspace. For example, two te@oteteaching in a mulidevice classroom also
needawaytokegpr ack of studentsd activities.

For examplein the context of an emergency response team, there is often a mix of officers co
located in a command centre and agents in the fiédhtaining situation awareness and workspace
awareness is essential. Future research can explore how the timelines and Callout Bubbles may be
adapted to fit the needs of such different group cont€akout Bubbles can be applied to other
collaborativefree-form workspaces with touch devicegsch agsemote brainstorming sessions and co
located design critiques. It can also be used for other types ofdrultie environmentsuch as
intelligent meeting spacéBeaudouinALafon et al., 2012; Fox et al., 2000)

7.3.8Applications to Other Co-located Collaborative Technologies

Two specific types of ctocated technologies were investigated in this research: tabletop sgstém
multi-device environments. Future research can explore the effectiveniksgiafelineand Callout
Bubble for different technology setups. For example, how well would the timeline work on a digital

whiteboard with people standing arountbr a strategizingtask? Alternatively the timelinecan be
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