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Abstract

Despite theproliferation of Public Large Interactive Surfaces (PLISs), and their potential to provide a
more engaging and interactive user experience, these surfaces often go unnoticed by passersby, or not
immediately comprehensible in terms of usage. Current rés@aedddressing this problem involves
modeling the usesurface interaction through observational studies, and deriving recommendations
for interface design to facilitate the interaction. This approach is often camesific, requires
elaborate setup,nd lacks experimental control. To mitigate this problem, an interaction model,
named DISCOVER, was developed by drawing ideas from classic usability research and focusing on
the discoverability aspect of the interaction. This approach allows the modavtoas a lens for
understanding and synthesizing existing work on PLISs, and to be used as an evaluation framework to
assess effectiveness of potential designs. To accompany this evaluation capability, a |dbasatbry
evaluation methodology was devedmpto allow researchers to quickly implement and evaluate
potential designs, particularly for the early stages of interaction that precede the more commonly
studied explicit and direct interaction (e.g., touches;aiidjestures).

Using the model and thevaluation methodology, a proximibased interaction mechanism using
animated content and shadow visualizations was designed and evaluated as an effective technique in
drawing attention from unknowing study participants. A follopy more conventional ithe-wild
study also verified this finding, and further demonstrated the usefulness of shadow visualizations in

drawing attention from passersby, retaining them, and enticing playful interaction.

The goal of this thesis is to better equip researchers acttjgmers of PLISs with tools that allow
them to evaluate and improve existing interfaces, and to provide them with insights into designing

future ones employing better and more engaging technologies.
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Chapter 1

l ntroducti on

Throughout history humakind has been using surfactr numerous intellectual activities such as
portraying visions, recording incidents, organizing concepts, and sharing ideas. These surfaces can be
as crude as cave walls and clipboards, or as sophisticated as networked digitalized boards. They can
havevarious physical configurations (vertical, horizontal, portable or stationary), and various sizes
(tens of centimeters to a few metres). Surfaces of larger size and scale have long been used in public
settings, and for a variety of purposes from museuribégho notice boards and scrolling billboards.
Yet , the analog and static nature of tohnelsyedo t yp:
di splays such as fisignso or fAboar d-static caWaséesh adyv e
now have he capability of being responsive to our actions, and can actively communicate with us
through an interactive interface. One emerging implementation of such responsive technology is the
Public Large Interactive Surface (PLIS), which is characterized by ttmain attributes: 1) located at
an open setting accessible by the general public, 2) large in size so it is visible to people who are in
various proximities, and can be accessed by mul

explicitly (e.g, waving at the surface) and implicitly (e.g. walking towards or away from the surface).

{ AGAIN!

MAN
MENU

Figure 1-1. A large multi-touch interactive surfaceinstalled in two different placesLeft: at an
open house event showcasing themed migames; Right: at an airport providing information.

PLISshave becomeraincreasinglypopular choice for content presentation in public spdae to
their ability to showcontent in dynamic and versatile wajsgure 1-1). They can now be seen in
various public venuesuch as transportation hubs, museums, informat@nires and storefronts,
where they are typically used to providpto-date content relevant to the particular location or to
engage the public in a novel manretg., hand gesturgg\ckad et al., 2015)body movements
(Mller et al., 2012) Their interactive capability enablesthese public surfaseto expand their
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servicesfrom unidirectional (e.g., information broadcast) to bidirectional (e.g., interactive inquiry),
and allows for a wider range of dent formatand purposéde.g., mini-gamesfor entertainment or
learning. Together with advances inser interactionsensing technologiesuch as multtouch
overlays ad depth cameras, PLIBsovide novel and responsive user engagettatitisnot possible

with their traditional static counterparts.

Yet, the deployment of such technology in a public setting poses uégignchallengeghat are
atypical ofpersonal computing or entertainment environmentesthe popularity of personal multi
touch surfaces (e.g., smartphones, tablets) and interalsime entertainment systere.g., big
screen TV with Microsoft Xbox Kinect, Nintendo WIJ), interactive surfaces are ubiquitous
commodities to many Thesavipeh fird introducedm gublic 8pacess BLISE et vy .
were expected to be quigkadopted and immediatelynderstoodby the general publié¢ their
familiar form factor like advertising banners or notice boards, and similar interactivity as personal
devices andhomeentertainment systems, should allow people to understand armbfefadrtable to
use.However both short and longterm studiesn various contexthave foundPLISs hada low
utilization rate(Brignull & Rogers, 2003; Hinrichs et al., 2008; Ojala et al., 20TBgse studiekave
reveakd severalcontributing factorgo this undeiutilization; including people simply not tiging
the PLIS (poor attractiopower of thesurfacg, lack of understanding of how to use the PLIS (the
interface is hard to comprehend), and social inhibit@imteract(people not wantingo embarrass
themselves by makingistakeswith the systemin public). In contrast to the personal computing
paradigmwhere the system is assumed todiat s  attendon & RLIS may simply blend ia the
environment andbe consideredh noninteractivedecorative objectEven when noticed, it is difficult
to engagesomeone who has no knowledgehafw to interacgtand thugeluctant to make mistakes
usi ng such iMmfro of othess(iHisangeetral., 2007)These study findingkighlight the
challengef designing for interactive surfasein public setting: the need to capturepassesb y 6 s

attention, andto provide an engaging and nossocially-inhibiting interaction experience
This thesis aims to address the above challenges, and is summarized in the thesis statement below:

To provide a systematic approach tanodel, evaluate, and design interactions
for Public Large Interactive Surfaces with a focus on drawing attention and
engaging interaction, thereby better informing the development of their

interfaces, and ultimately improving their utilization.

18



With the poliferation of PLISs in various venues and contexts, due to their versatility and maturing
technologies, it is important to make sure they are being used as intended: to reach a large audience
and engage them in an enjoyable and effective user experighiseoutcome is both economically
desirable (return of money spent on developing and implementing the technologies and their
anticipated reach for a broader audience), and socially beneficial (people taking part in a more
engaging experience, individualand collaboratively). In this regard, the findings in this thesis are
both timely and impactful.

1.1 Research Problems

The steps to address the design challenges highlighted by prior research are not trivial, as they involve
not only the hardware and softwatesign of PLISs, but also the context in which they are deployed.
This thesis approaches these challenges by first identifying three research problems, which are then
addressed by their corresponding objectives.

Research Problem 1: Lack of transferrabbEommendations across usage scenarios for PLISs

To understandthe challengesand subsequently devise interadatitechniques to facilitate the
interaction process unique to PklSvarious modelslescribing stages of interactidrave been
developed, mostlypased on field observatiorfalt et al., 2012) While relesant tothe context in

which the surfacevas deployed, thderived design recommendationg aftennot transferrable to

other scenarios-or example, having a human assistamt a wi ng at t ewoudldbe Befpfulat t ent
in a conference setting, but wouldt be viable for aoundthe-clock display in a transportation hub.

Research Problem 2: Need for efficient and focused evaluation methodologies for PLISs

When an interaction technique is devised, it is often not trivial to evaluate its effectivenssis. Thi
becausea technique is often focused on addressingdasignchallengeandhence a particulgpart

of the interaction proces$iowever,the conventional methodology of evaluationthe-wild field
study orfield experiment, requirea fully functional systemdeployed in the target environment
which takes time anceffort to set up, and lacks experimental precisidvicGrath, 1984)
Furthermore deploymens in a public place are typically subject to safety and sometinaesling
consideations, which haveéo be dealt with beforeleployment can happeand therefore require

expertise and investments beyond interaction and interface design.
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Research Problem 3: Little work in drawing attention towards and engaging interaction with PLISs

There has been a largedy of work in addressing the challengepodviding an engaging and non
socially-inhibiting interaction procesdor example, catering different forms of engagen{datucci

et al., 2010)increasing cognitive effec{@\lt et al., 2013) and incorporating interactive components
(Hornecker & Stifter, 2006)Yet, theres little work addressing the challenge of capturing unknowing
passer sbyd s alack of eantectionnbetwedhis candthe later stage®f the interaction
processMore specifically,the stagdransitioing a passerby from beginning realize the dasterce

of the surfacdand the content it is offeringd actively &ploring its user interfagas often omitted
Such discrepancy leads to a lmsherence iruser experiencéthe passr by s percepti on
surfaceand its content carries through the interaction process) moremportantly,renders much
of theexisting work focused on surfaggeractionirrelevant, as pagrsby need to first notice abd
enticed to interact with the PL§S

1.1.1 Research Objectives

The above research problems are addressed in this thesis through the following objectives:

1 To establish a useentric interaction model describing the interaction process with PLISs.
The model should be complementary to existing models, and provide additisights for
evaluating and designing interfaces for PLISs. This was achieved by combining concepts
from classic usability research, existing work on PLISs, and from my own observations and

experiences designing for novel surface interactions.

1 To devebp a laboratorpased study methodology that complements the conventiotfa-in
wild study methodology. It should allow evaluation of interaction and interface designs for
PLISs, and provide better experimental control while requiring less time andteffetup.
This research aimed to validate this methodology by demonstrating that it produced results
consistent with the conventional methodology (in existing work, and in the foitovield

experiment also included in this thesis), as well as insightifther investigation.

I To explore potential overarching interaction technigues that can be used to bridge drawing
attention and engaging interaction for PLISs. Their effectiveness in drawing attention and
enticing interaction was evaluated using both tteveloped interaction model and study
methodology developed in this thesis. Their connection to the remainder stages of interaction
to provide a coherent user experience is discussed following the evaluation.
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1.2 Research Methodology

This section describake methodology used in this thesis. First, the informing research fields and
their relationship with research in PLISs are introduced. Then, the steps taken to address the research

objectives are overviewed, followed by a brief discussion on how theyaskieved.

1.2.1 Informing Research Fields

The researchin this thesisis informed by threemain research fields: classic usability research,
traditional humarcomputer in¢racton, and social science theories, whievéirecently been applied
to public interactive system from different perspectived’he intersectin of these three fields
constitute the bais of thisresearchn theparticularform of large surfacg as showrin Figurel-2.

Classic
usability
¢
Human- Social
computer science
interaction theories

Figure 1-2. Three fields of researchinforming this research: Classic usability, humancomputer
interaction, and social science theories, under the context of public interactivsystems. Each
field provides a different perspective applicable to any systems including large interactiv
surfaces. Intersection of fields indicate work that draws concepts from the respective discipline
Classic usability researcimostly focuses on attributes of a systelnfor example, learnability,
efficiency, memorability, and rate of erriMielsen, 1993)Yet, many of thenmwere originally used to
gauge how effective the systeémto improvework efficiencyand accuracyUnder the context of
public interactive systemthese attributes have differeptirposes angbriorities depending orhée
stage of interactionandtypically have a higher demand ftirem being immediately usab{&ules et
al., 2004) that is, users will not have time to learn and be familiar with the sysiéese

characteristishave greatly influenced the development of the interaction model in this thesis.

1 A system is not limited to a computer system, as explained by Nd@0aB) For example, light switches.
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Traditional umancomputer interactiofHCI) reseach mostly fauses on techniques that bridge
the Agul f of execut i ¢Hutohinseat dl., 188pharticulariy for caempuel uat i on o
systems.These techniques have been specialized and evaluated in thet abrablic interactive
surface from form factorgInkpen et al., 200500 input/output mechanisn{¥ogel & Balakrishnan,
2004) On the other hand, Erge body of worlkhas explored hovinteractive systemsas a tool,
support collaborative activities such as media shatingdi et al., 2003)remote aynchronous
iterative design(Lucero et al., 2009)and informal and nonrgent communicatiofHuang et al.,
2006) The lessondearned on user behaviest owar ds such fAnovel 0 systems
design of interface in othexisting work as well as this thesls.addition, the study methodologies
designed and/or used in this thesis, followed closely to the standard procedures of HCI research, from
study setup to data analyses.

Social science thei@s in the public interaste systemsontext refer to the behawioof a person
(or a groupluncer various social circumstancdsy example, by oneself, amongst strangersn an
unfamiliar environment, with theystemadeployed.This line of research describes the interactien
a form of social behavio (Reeves et al., 2005anduses the cultural norms as design guidelines for
interactins (Marquardt & Greenberg, 2012yhe understanding of such behaviour helps the design
of publicly available systems such as PLISs to be more approachable andamhbbes inspired the

use of proxemicga social theoryas a design concept in this thesis.

1.2.2 Steps Taken in Addressing the Research Objectives

Figure 1-3 shows the steps taken indrdssing the research objectva this thesis. Each step is

informed by findings from the previous step, as well as related work.
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Figure 1-3. Various steps taken toaddress the reseach objectives in this thesis Steps are
grouped and ordered to highlight their relevance and implication to each other.

1.2.2.1 Step 1: Interaction Model Establishment

The interaction model in this thesis was established with two criteria:cnbglementary to existing
models to make the literature more comprehensive, and 2) to provide additional insights for
evaluating and designing for PLIS systems.

Criterion 1 was achieved by extensive research in classic usability and review of prior work in
interaction and interface designs for large interactive surfaces. | examined two complementing
directions of HCI research (Iolevel interaction techniques and technologies, thégkl use cases
analyses) to gain a comprehensive understanding in diffienegis of system implementation. | also
specifically looked into the theories in social science to understand how interaction was carried out in
a public environment, and combined this understanding with my own observations and experiences in

designing PLS systems.
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Criterion 2 was achieved by reviewing existing models and frameworks established by other
researchers in the context of large interactive surfaces. These models and frameworks primarily
focused on user behaviour within a very specific usagéegrbnThus, this prior work has limited
transferability due to the application context being studied, or the specific technologies being used.
My research, on the other hand, attempts to synthesize the knowledge gained from this prior work,
representativef a number of contexts and technologies, as well as to incorporate internal cognitive
states from classic usability literature as the underlying structure; thus enabling the development of a
usercentric model that provided a more detailed view on theraction process, particularly at the
early stages such as notifying and intriguing passersby.

1.2.2.2 Step 2: Laboratory-based Study Methodology Development
A commonly used study methodology in tHEI field for PLISs is the isthe-wild field study, which

typically involves deploying atarge interactive surfacim its target environment, with researchers

taking the role of sil ent uoadndreactions tothe suffagaditgi ng pas s
interface, and documenting the interaction process using computer log and video/audio recording for

further analyses. While high in realism, this methodology inevitably has low generalizability and

lacks precisiofMcGrath, 1984)due tathe need for an undisturbed and naturalistic environment.

In this thesis | developed a laboratérgsed study methodology focusing on evaluating a PLIS
interfacebs effectiveness in drawing attention an
the shortcomings of ithewild field studies by incorporating standard procedures of a laboratory
study, including betweerand withinparticipant conditions and-4gepth questionnaires.

This way of evaluating the attraction power of the interface desigm éffective did the interface
draw an unknowi ng personds attention) had |l ed t
participants could not be informed about the surface, as by doing so would bias their responses. To
address this complication, | usedperimental deception to conceal the real purpose of the study. This
was achieved by providing a deception task to the recruited participants and omitted any mentioning
of the surface being evaluated in the beginning of the study. The task was calesigiyed to be
interesting, believable, yet still allowed the researcher to study the attraction power of the interface

design,andaskidept h questions to further elicit particip
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1.2.2.3 Step 3: Studying Promising Design Concepts

To facilitate tle development and validation of the interaction model and labofaésgd study
methodology, | implemented several visual concepts (adaptive speed/trajectory, and shadow
visualization) as experimental factors based on literature in cognitive scienceaidvhighlevel

visual stimuli) and social studies (proxemics theory), and applied them to the studies in this thesis.

Through the studies | found the shadow visualization (showing of the silhouette of a passerby while
varying its contrast based on distaht¢o be effective in facilitating the early stages of interaction.
This had led me to further explore its use through the entire interaction process, particularly to

provide a cohesive user experience bghadowsi | di ng ¢

1.3 Research Results

The established interaction model, DISCOVER, was instrumental in a number of ways. By presenting
it as a state diagram, and annotating the transitions and states with-atdambg systeractions and
usercognition states, it succinctly identified twopdipation categories of PLISspportunisticand
taskoriented It was also applied as a lens for understanding and synthesizing existing work on public
interactive surfaces, as a tool for performing gap analyses to identify discoverability aspewedhat

further study, and as an evaluation framework to assess the effectiveness of potential system designs.

This model also guided the development of the labordiased study methodology using
deception, which helped minimize the time and effort neededhfplementation and evaluation of
potential PLIS interface designs, especially those targeting the early interaction stages. Using this
methodology, a pilot and an improved study were conducted to evaluate the use of three visual
techniques: adaptive spi adaptive trajectory, and shadow visualization. The results revealed that
combining shadow visualization with either adaptive speed or trajectory was effective to draw
unknowi ng participantso attenti on, yet otsi mply
communicate interactivity (what they could do with the surface) well. These results were consistent
with existing field study findings, hence validating the methodology. Moreover, through the use of

guestionnaires, the study also provided furtherintsigh i nt o parti ci pantsé perc

A follow-up, more conventional ithe-wild field experiment was then conducted, which further
verified the results. Shadow visualizations were again shown to be effective in drawing attention from
passergy. Moreover, they were observed to be more effective in inviting interaction (e.gaimmid

playful gestures) with the surface.
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More details of these results are provided in their corresponding chapters later in this thesis.

1.4 Thesis Contributions and Research Application

The research results contribute to the research in PLISs in the following aspects:

1 Integrating three research fields, namely, classic usability research, traditional-human
computer interaction, and social science theories into a systeapaticach to model and
analyze existing and future interaction and interface designs for PLISs.

9 Providing tools, namely, an interaction model, and a labordtased study methodology
to evaluate existing and future interaction and interface designs f&sPharticularly in

capturing passerbyébés attention and communi cat

1 Reporting and analyzing experimental results of some of the prominent interaction
techniques (particularly the applicatiarfi proxemics a societal phenomenon describing
how distance between people impacthdir behavioufHall, 1966) in designing thevisual

content of thenterface), and discusg) design implicatioaand recommendations

The immediateapplication of thisresearch igimely and interactive content consumptiona
public space, for examplsurface showcasingipcoming events or points of interest in a university
campus and approackanduse surface with minigames for entertainmeii lobbies However,
research has shown thifiese systemalso offer promises in many other areas. For example, they
could enhance collaboration and task execution in a working enviror(®euoit ¢ al., 2003) and
could facilitate formal usein areas such as emergency resp@@beung & Scott, 2011; Jiang et al.,
2004)and business meetin@idaller et al., 2010)They also could provide value in areas of education
(Higgins et al., 2011and entertainmer{Cao et al., 2008)Though the sense of a public settimght
be less in these areas, the facilitation of interactith large interactive surfas would also be

applicable especially in the aspect obtifying users andiscovering the proper use of the surface

Such introduction of interactive surfaces for intellectual activities into our working and living
environments would enable the typenaftural interaction we used to have over our history of using
more traditional, nodwligital surfaces, with enhanced effectiveness and efficiency due to their

interactive capability and computational power, provided that the interfaces are designeg.properl

It is hoped that this research improves the effectiveness of deployed PLISs, as well as enable early

assessment of PLIS design concepts to aid the overaltested design development process.
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1.5 Thesis Structure

In the remainder of this thesis, general background of PLISs is first provided, followed by
corresponding chapters providing ardigpth discussion for each of the research objectives. Finally,
important lessons learned across the objectives, and potential future work, are discusgadthaton

conclusion of this research work. The content in each chapter is as follows:

Chapter 2 1 Background 1T outlines relevant research on large interactive surfaces primarily in
public settings, including characteristic usecase scenarios, current relsbftevare technologies,
and challenges in the deployment of PLISs. Relevant work in attention, and background for the

following chapters are also presented.

Chapter 3 1 The DISCOVER Interaction Model 1 presents motivation and details of the
interaction nodel established in this thesis, including comparison with existing work and application
of the model to research and design of interfaces. Part of the model has been published-in a peer
reviewed conference paper titled:

Cheung, V. 2014. Improving Intergmt Discoverability in Large Public Interactive Displays. In
Proceedings of the Ninth ACM International Conference on Interactive Tabletops and Surfaces (ITS
'14). ACM, New York, NY, USA, 4872.

Chapter 47 A Laboratory -based Study Methodology to Investate Attraction Power of Public
Large Interactive Surfacesi presents motivation and details of the methodology design. The
outcome of this chapter forms the foundation in conducting the studies detailed in Chapters 5 and 6.

This work has been publishedarpeefreviewed conference paper titled:

Cheung, V. and Scott, S. D. 2015. A Laboratmaged Study Methodology to Investigate Attraction
Power of Large Public Interactive Displays. In Proceedings of the 2015 ACM International Joint
Conference on Pervasivand Ubiquitous Computing (UbiComp '15). ACM, New York, NY, USA,
12391250.

Chapter 57 Pilot Study of Animated Contenti describes the experimental setup and procedures
for the pilot study that employed the methodology presented in Chapter 4, and discusses results from
the study. This study focused on measuring the
attention to a large walmounted surface while carrying out a deception task, by animating the
displayed content based on usarface proximity. The outcome of this chapter informed the design
of the improved study presented in Chapter 6.
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Chapter 6 7 Improved Study of Animated Content and Shadow Visualizations describes the
experimental setup and procedures for the improved study based on the pilot study, and discusses
results from the study. This study had a similar focus as the pilot study, but also added tie
shadow visualizations based on existing research. A comparison of the results between this study and
that from existing ones was made to demonstrate the usefulness of the methodology. The outcome of
this chapter informed the design of the field exment presented in Chapter 7. This work has been
published in a peereviewed conference paper titled:

Cheung, V. and Scott S. D. 2015. Studying Attraction Power in ProxBiamsesl Visual Concepts for
Large Public Interactive Displays. In Proceedings thie 2015 International Conference on
Interactive Tabletops & Surfaces (ITS '15). ACM, New York, NY, USH)23

Chapter 7 i Field Experiment of Animated Content and User Shadow explores the use of
content movements and shadow visualizations as ingpyréige findings in the improved study, and
describes the experimental setup and procedures for the field experiment used to further validate the
study results in the improved study. A discussion of the results is provided to motivate further

investigationin using shadow visualizations as an assistive tool in PLISs.

Chapter 8 i Discussioni summarizes lessons learned and findings from the studies described in
Chapters 5, 6 and 7, and discusses the limitations of the approach taken in this thesis, intherms o
methodology itself, as well as the technological shortcomings. A set of design implications and

recommendations is also provided for reference when designing interaction and interfaces for PLISs.

Chapter 91 Conclusiors and Future Work i revisits thecontributions of thighesis in order to
confirm each objective stated in Sectibd.1was addressed. This chapter concludes the thesis and

discussepromisingavenues for future research.
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Chapter 2

Background

In this chapter, a background on the general usage of Public Large Interactive Surfaces (PLISS) is first
provided, followed by a brief overview of the current technologies and their impact on the interaction
mecharsms of PLISs. The consequent design considerations for PLISs are then discussed to motivate
the subsequent chapters. Specific related work to each of these chapters is also presented.

This research also draws inspiration from a variety of practices imtiattedrawing and interaction
design, from studies in human vision to applications including digital signage and gameplay. A brief
discussion is included to provide breadth in the subject matter.

2.1 Large Interactive Surfaces in Public Settings

Early in the @ployment ofPLISs, resarchersdiscovered thathe nature oftheir usageis very
different from the prevalenpersonalcomputing paradigm. For instandeere exists variousodal
configurations(e.g., individuals, groups, strangers, and acquaintaiteystemusage(Peltonen et

al., 2008) user expectatimand ways of interactioare diversg(Hornecker, 2008)andp e o p |l e 6 s
attentionhasto be drawn(Mdaller et al., 2010) This differenceleads to new mguirements when
designingnterfaces and interaction mechanidamsPLISs

2.1.1 Variations in Social Configurations and the Honey-pot Effect

Being largerin size andpublidy available various types ofiser configurations are possibiéth

PLISs includingindividual as well as grougonfigurations(seeFigure 2-1). Marshall et al(2011)

observed how a muitbuch tabletop was used as a tour planner by visitors in a tourist centre, and
identified several group configuratior(ge., individuals, couples, families, and strangeteading to

different goupdynamics and usage patterger examplewi t hi n a group there cou
arrival 0 wi t lingto osethepabletgppand kettveem groups there could be tension
between strangemshen usingthe application simtdneously for differenplans Similar variety of

configuratiors were alsoobserved in other deployments of PLISs, suchagshoto collage at a
storefront(Peltonen et al., 2008aninstallation in a museurgHinrichs et al., 2008) and-f ac fid un

information display downtow(Memarovic et al., 2012¥ostering different forms of interaction.
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(&) An individual interacting with a tabletop. (b) A group of two interacting with a

Typically the individual will be at the side tabletop. The individuals can be at

where the text/image iproperly oriented. opposite sides, adjacent sides, or same

Some interfaces faciliate all four sgléy side. This deperslon the size of the

providing four sets of text/image properly tabletop, as well as the relationship

oriented to each side. between them (e.qg., strangers, friends)
R

1
.
(c) Two individuals infront of a wall display. (d) A group of two interacting with a wall

One interacting while the otharbserving. display. The two individuals can either
The observer can be a stranger watching, ¢ be acgaintances or strangers, working
an acgaintance being shown what can be together as a teartt.is also possible to
done with the display. have multple groups working on

different regios of the display

Figure 2-1. Various examples of social configurationén using horizontal PLISs (tabletop) and

vertical PLISs (wall display). A tabletop affords interaction from all four sides, whereas avall

display only affords one side for interaction. Individuals can be actively interacting or observin
others in doing so. Groups can be comprised of acquaintances (e.g., family members, friends
strangers, and with a size between 2 and 5 for PLISs tia typical diagonal of 2 metres.

A frequently observecbhenomenonregardless of thesocial configuratiom and within and
betweergroup dynamicss s t h epotieffecdn, e ywtheenunber of people in the vicinity of the
system progressively incresgBrignull & Rogers, 2003)This phenomenois based on basic human

curiosity anchas two main implication® the design of PLISs

1. The sight -mdt & hei dimiofnieggs t he social affordanc
in somethingnteresting, which is important from the physical design perspective to allow
this configuration to take place (e.g., provide enough space for people to gather, install the

surface high enough so people further away can see).
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2. The arr ange me mpto distinguishdsenvolvdd ausers yinactive users and
bystanders/observerBased ontheir level of engagemeniBrignull & Rogers, 2003;
Peltonen et al., 2008J his distinction can be used to guithe interface desigto facilitate

different stagesf interaction and the transitidretween thenfCheung et al., 2014)

Such variation of social configuratiesets PLISsaapartfrom the conventional personal computer
interaction paradignftypically assumes a fixed configuratidnsingle user actively engaged in the
interaction with thesysten), and fosters unique uses of public and personal qpaeal et al., 2012)
Interfaces for PLISs have to take into consideratiorwbat type of social configuration they may
have to support, given the deployment context and tasks people may be performing.

2.1.2 Diversity of User Expectations and Methods of Interaction

In addition tovariatiors of social configurations, #re may also beariatiors in userdemographics

and any corresponding variation iRpectatiors towards the systeni\s mentioned irChapter 1the

form factor of PLISs isot unfamiliar in a public setting. Is thereforecommon or users to perceive

the surface as something that they have already encountered bgfereexhibits, notice and

billboards) Muller et al.(2010) identifiedfour mental models a usirlikely to apply their perception

on aPLIS (i.e., posterwindow, mirror, and overlaydepending on the content and environmé&iaich

mental model mayead to differentexpectations towards the surfaé®r example,with the poster

mentd model, a user sees the surfaean electronic version of a printed poster being vertically
attached to a surfade.g., photo collagéPeltonen et al., 200Bshowingtext and graphics content

typically featured in an analog postemd might not expect to actively engage with the content
directly; with the window mental moded user sees the surfaag a portal to a remote, often virtual

|l ocati on, inviting them t o fniglt @dpecta mad idveied t hr o u
interaction with the other location (e.g., remoteharedmedia spacefMiiller et al., 2014) Any
discrepancy betweede interaction modalitiesandtheu s er 6 s per cepwillresnltimf t he

confusion frustraton, and hence resistancedgstemusage

The public nature oPLISs also impacts the way peoppproach and interact with the system.
Many peoplare reluctant to interact with a PLIS because they think they might break it, compromise
its operatio, or upset others in the vicini§Ojala et al., 202). Further, they mayot want to
embarrasshemselves bywcting foolishwith others presenBrignull & Rogers, 2003; Reeves et al.,

2009. Suchreluctanceprevents people from becomiagtive uses, or worse, scares them away.
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Meanwhile,advances irPLISs input/output mechanisnsuch as multtouch, body movement,
and gesturehave thepotentialto be fun and enhance theserexperiere (Reeves et al., 2005Y et,
these interaction mechanisms may be unfamiliar to ames, introducing additional barriecf use
Previous studiesf PLISs have revealed thabmepeople did not interaawith the systermsimply
because they did not know theycqud a phenomenon descri b@aaeas i nte
al., 2012) or becausehey got confused when the system responded in an unexpected and conflicting
way (Hornecker, 2008)

The diversity of user expectati®and ways of interaction requireBLISs to be able telicit the
desired perception from tineusers, along witlappropriate input/output mechanisnand within a
shortt i me (typically a few seconds). This requiremeil
in exhibit designgAllen, 2004)and PLISs deploymentglornecker, 2008; Seto et al., 2012)

2.1.3 The Need to Draw Pe o p $ Atténtion

Another dten cited observation of PLISleploymerd is the lack of attention being paid toward

them. Despite their large sized typically animated content (e.g., moving images), many passersby
tend toignore them. For example, Peltonen et(2008)installed a2.5metrewide wall-mounted
interactivesurfaceat a city centre showinghotos related to the city, and reportetasions opeople

not paying attention to the surfagesith their back facig it), even when the surfaceas in close
proximity. Researchershaeet t r i but ed t he s @Miller, Vililchsmanm,leal;, 2009) i n d n
which hasalso beenreported in subsequefield studies(Muller et al., 2012; Ojala et al., 2012)
Huanget al. (2008)invesigated howthe publiclooked at public surface(both interactive and nen
interactive) andidentified a number of internal (e.g. content format) andemal (e.g. surfacées
position) factors affectinthe likelihood forasurface o dr aw p e o pheyaal@snotedhet e nt i on
brevity when a passerby looked at a surfdaeglance of £ seconds)posing further cHkenges in

drawing peoplebébs attention I ong enough to promote

Dalton et al.(2015) took an empirical approach tinvestgate where people loadd in a retail
context using eye trackers. Thay gued t hat the term Adisplay bl indi
lack of engagement with the surfacendr e por t ed dal | b[sutfaces\meee lookkd t he di s
at by a sizable proportion of the partip a nt s 0 Bilging o3 t8i® rés)lt, thejecommended
simple representations that can be apprehended and understood very quickly (even from a distance),

which promptf or a f Jooapéssilhyangek @nd more engagéds e cond. gl anceo
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Catchings omeoneb6s eyes i s an | mpor tideatiyit seoulddlpe i n at
prolongedto leadto subsequent interegt engagementHowever, facilitating such engagemest
highly dependent on the context and the environntertexample, @ informaion displayin a train
station can draw attention more easthy simply showing relevant information about tsaiand
schedulesn a concise manngwheresan advertising display needs to be more visually appealing to
captureattention and interesh a more serendipitous naturéhese differingmotivatiors have ld to
di fferent strategi es asdiscussad aGhapterg3an ¢he gekignfordhe at t en't
laboratoy studies and field experimeint this thesisas discussed in Chapters 5, 6, and 7

2.1.4 Other Issues in Interacting with PLISs

Upon examiningthe underlying technologiegdiscussed in detail in the next seadicand physical
configurations of BISs, researchers have discovered several interaction issues with such systems,
including occlusion( u s e r & sovefsithe garget on @uchscreen device) and selection error
(reduction of contact area to a touch paiatises missing dhe target), célect i vel y known
f i nger o(Pqiter ethll, 988; Wigdor et al., 20p8achability issues (screen size is too big to
reach) (Shoemaker et al.,, 20Q7figor i | | a a (ammsfatigue due to|pmwlonged A&
gesturesYHincapiéRamos et al., 2014pnd territorialityissues(spatial ownership of simultaneous

users) (Azad et al., 2012; Scott et al., 200Mluch of theactive researchon PLIS (or large
interactive surfaces in general) focusesdemelopng techniqus to addressome if not all of these

issues, which onlpccurwhen there is a physical interaction with the PLIS.

This thesi s, however, focuses on the early stai
attention and enticing them to interact. These interaction stages occur before the phgsaziant

takes place, and thus may require other techniques to facilitate.
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2.2 Current Technologies: A Technical Survey

Though only recery being deployed in public settings, interactive surfaces of a considerable size
was firstconceptualized in thearly 19905 asan electronic desfor work (Wellner, 1991) Albeit
originally designed for a single user in a work environm#ns, concept introduced one important
notion: directinteractiort with virtual objectsof unscaled sizes through physical actioBschstyle

of interactionhasstrongly influenced the waLISs arecurrentlydesigned

A core concept of direct interaction is the ability to manipulate virtual objects phys{eally
using oned6s hands, body), which is realized by a
circuitries and optical devices, in combination with an output screen where content is displayed. This

section overviews some of these technologiad, discusses their implications on interaction design.

2.2.1 Multi-touch Surfaces

A multi-touch surfaces a display screen capable sénsingand locatingmultiple touch points
simultaneouslyTo date there are over 10 categoerd over 30 variationsf tecinologiesachieving

this capability (e.g. projected capacitive, analog resistive, surfacaaditiye, surface acoustic wave,
etc) (Walker, 2012) While theunderlying mechanismi®r each of the technologiese beyond the
scope of this thesidwo of the more commonly used technologies will be highlighted to put the

research presented here in context.

2.2.1.1 Vision-Based Sensing

Vision-based multtouch sensing is a technology where touch points are being sensed via an optical
device (e.g., camera, photodetectors). Instead of tracking the touches directly, the optical device lo
for lights being blocked or reflected by the touches. To prevent interference from the content being

displayed, InfreRed (IR) light is used instead of visible light.

2A similar ter m, ADi rect Mani pul (a983)andhlaternefmed byf i r st i ntrod
Hutchins et al(1985) The definition however onlsefers to a user action directly mapped to a system action

(e.g. moving a mouse is mapped to moving a virtual document), rather than having both actions physically close

to each other (e.g. moving a virtual document by movi n
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IR light source IR light source
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Glass surface

/ acting as a diffuser e
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a) General setup of a multbuch surfacausing b) General setup of a multibuch surfacausing
Frustrated Total Intern&eflection(FTIR). Diffused lllumination (DI).

Figure 2-2. Simplified redraw of the general setup of multtouch surfaces using various sensing
technologies based on the technical report by{Schdning et al., 2008)

The typical setupof a visionbased multtouch surfacencludes an IR light sourcea transparent
surface parefor touchesand screen projectiprand an optical device for tracking (with some
computer algorithms to filteout noise and distiltouch incidentsnto programmablagouch events
The advantage of suchsetup isthatthe componentare @mmercially availablet a relatively low
cost (within a few hundred dollarsHan (2005) proposed adw-cost hardware setup thebuld be
built using a&rylic plastic, IR strips, and a digital video camera with a matching-pass filterthat
filtered out any noAR lights (Figure2-2a). An earlier, busimilar sety placing the IRight source
behind the projection surfaceas also proposed to not only sense touches, buteat#@s such as
hands, bodies, and objecfMatsushita & Rekimat, 1997) (Figure 2-2b). Due t o t he
approachable nature, an online communitrsas formed to facilitate enthusiasts and researchers to

discuss and share th&ork, and has been active over the past ten years.

3 Natural Interface Group, global research community focused on open discovery of natural user interface
(http://nuigroup.con)/ Last accessed, 30 December, 2015.
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(@) A do-it-yourself multitouch tabletop (b) The multitouch coffeetabletopsurfacein
interactive surface (built to emulate & action. The IR camera was located at th
coffee table). Because of the lower heigt bottom of the tabletop ne#ine base of the
the projector had to be fitted at one side ¢ mirror. Lights had to be dimmed to reduce
the table, leaving only threfeee sides for ambient light, and for the projext screen
interaction and without any legroom. to show.

Figure 2-3. A multi-touch tabletap interactive surface (coffee table) | helped buitl using the
setup proposed in(Han, 2005) At that time a projector with normal throw -distance was used
hence the mirror at the bottom to increase the projection distancel'he bottom of the taldetop
was completelyblocked for the projected screen and IR camera to work properly.

However, such setup requires thensingoptical device(and the projector for a bagkojection
configuration)to be positioned farrmugh fromthe back of the surface panel without any objatts
betweenfor a complete andhon-obstructedview. This requirement lead® a horizontal surface
without any legroom underneatbeeFigure 2-3), or avertical surfaceequiringextraspace into the
wall. Moreover, it is also susceptible to amitiéight sources that also enR light (e.g. sunlight)

interfering with the sensing of the Ight representingouches, resulting in noise and fafsasitives.

More recently,interactive surfaces have begun usimgpther technologthat placesarrays of IR
light-emitting diodes I(EDs) and photdetedors onthe inner side of a frame which is typicallyat
about oe centimeter in thicknesand is mountedimmediately abovea surface(e.g., a projected
surface or large LCD/LED screeihe IR LEDs emit a specific pattern of flashes which are captured
by the photdetecbrs, and the shadows made by the touches aretosgelducewherethe touch
points are Figure 2-4 illustrates one possible configuratiai the IR LEDs and photietecors.
Variations of this configuration are possible by different placements of the components (e.g.,
interlacing the LEDsrad photodetdors).
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IR LEDs

IR photodetectors

Figure 2-4. Simplified working principle of the vision-based multitouch sensing technology
using arrays of IR LEDs and photodetetors. Touches are detected when theyeate shadows
on the photodetecors. Drawing is based on the technical review by Walkgf2012).

The main advantage of this technology is its ease of installation. Since all the components are fitted
inside a frame, it is available as an overlay, which can be placed on top of any display screen and
transforms it into a muHliouch surface. B&sl on my own experience, the entire installation process
can take less than an hour (which includes assembling the frame and attaching it to a display screen).
In comparison to the above technology, this overlay removes the need for space for an IRacaimera,
is more customizable in terms of size and shape of the surfaces it supports through properly arranging
the IR LEDs and photodetectors. The way the photodetectors are embedded within the overlay also
allows the technology to be used in the preseneenplie ambient light.

However, this technology relies on the accuracy and resolution of the shadows cast on multiple
photodetectors, and therefore has limited resolution, speed, recognizable touch object size, and touch
points (typically up to 2@0). It isalso prone to falspositives caused by sleeves, or any object that
hovers above the surface but is close enough to cast shadows on the photodetectors. PLISs using this
technology should consider such limitations and be more forgiving with the toucha@agcand

robust to unintentional activations.
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2.2.1.2 Electronic-Based Sensing

Electronicbased multtouch sensing is a technology where touch points are being sensed via
detecting changes in an electiield spread across the interactsu@face The underlyingorinciple is

when a conductive object (e.g., a human finger) is near an electrode #or & plectrodes), the
capacitancef the priorchanges the capacitance of the |attEigure2-5). By measuring such change

in capacitance in a grid of electrodes, the positions of touches can be caldudaigtscreens using

this technology are theredhsergemedal |y call ed
Current in Current in
7 1 Field Field )
/o T coupling coupling /%
Electrode l Electrode Drive/sense Drive/sense
—|— T Electrode pair Electrode pair
Charge measured Charge measured

a) In selfcapacitance technique, a fingel b) In mutualcapacitance technique, a fingel
touch increases the touch decreases the
by drawing more currerib an extra path. by coupling some ahe mutual capacitance.

Figure 2-5. Simplified working principle of the electronic-based multitouch sensing technology
using capacitance Touches are detected when changes in capacitance at the electrodes
detected. Drawings are based on the technical review by Walké2012)

The main advantage of this technology is its ability to be fully integrated into the interactive
surface without adding any discernable thickness and weight. Along with a smactte feel
provided by attaching the electronics behind a cover glass, it is theussabttechnology in the
consumer market (e.g., touchscreen monitors, touchscreen mobile devices). It also has a higher
resolution and sensing rate than visiased semsg (though in the order of millimetres and tens of

milliseconds, and the gap is closing), and is not prone to interference from any light source.

4 An early alternative is to detect completion of a dirceeated when a user touches the interactive surface
(Dietz & Leigh, 2@1). The setup can identify which user is issuing the touch with a more elaborate setup
involving conductive chairs and floor.
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However, electronibased sensing relies on the precise layering of the electronics across the entire
surface and therefore is not as scalable as the visased sensing. To date the largest consumer
capacitive touchscreen available is less than 75 centimetres diagonally, and is mainly designed for
personal computing. Also, capacitive touchscreens can onlgtdeteches from conductive objects,

and thus are limited in modes of interaction (e.g., they cannot natively support tangible interactions).

In summary multi-touchsurface are the moatsed technologin PLISs because of their availability

and familiarty in interaction. The varietgf technologies and their respectadvantagsallow them

to be used in many situations, for example, big and small scresn\&tical, tilted, andhorizontal

orientations indoor and outdoorAdditional input parameters such as presgRend| et al., 2014)

and anglegSchwarz et al., 2019)ave also been explored starting with smaller scrééetsin all
casesinteraction can onlpccur at a very closdistanceto thesurface and suffers from problems

such as fAfat f i nger gqimprécisiongneauch ddiestip(Potter st alt, 1088; cont e
Wigdor etal.,, 2009a nd fAr eachabi | iottef-teach)Sloemakeraet a&.,226Q074g e

limiting the type of interaction PLISsan support with these technologies.

2.2.2 Gestural Surfaces

Gestural surfacerefer to those that recognize a more-8de input beyond mere touchesich as
hand movements and body positioKsirtenbach and Hultegi1990)describé this form of input as
ffa motiontboaftthbhenbadwns i nfor mat iexplaidthat algeodbyan e x a m|

wave wa a geture, whereas a keyboapdess wa rot because the motion involved sviarelevant.

Technologies achievingesturakecognitiontypically involve using one amore camera capturing
t h e wmevemeldtsand relaying thinformation to the interactiv@/stem.In mostcases the spatial
location of the useis also included via deptsensing cameras (e.g., Microsoft Kitor motiort
capturing systems (e.g., Optitrack cam®ras

2.2.2.1 Distance-Sensing Surfaces

Distancesensing surfaceusethe distan@ between a user and the surfaseone of the parameters in

interaction. The sensing tgpically carried out by a deptbameraanalyzing pattern reflected hiye

5 https://dev.windows.com/ens/kinect Devel oper 6 s wstdcpessgdeld dafiuaryk 20h6e ct . L a
8 http://www.optitrack.com/Product webpage of the Optitrack system. Last accessed 14 January, 2016.
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sensed space into which a knollpattern is projecte(Freedman et al., 201G$ince the pattern is
predefined and the objects in the sensed space distort the reflected pattern, dssible to

reconstruct the scengthin the range of the camera (eabout 4.5 for Microsoft Kinect V2).

r

Figure 2-6. A setup for a PLIS using a depthcamera (black device on top of the screer
supported by a tripod). The faint white shadow was a rendering of the tracked body directl
extracted from the tracking parameters. In this interface design the distance was used
determine the contrast (transparency)f the shadow.

Figure2-6 shows tle setup used for the field experimeéetailed inChapter 7 Themainadvantage
of this setip isthatthe depthcamera (Microsoft Kinect V2nounted to the top of thecreenis self
contained (no extraoftwaresetup is required beyond installing a driver to the computer) and comes
with a softwaredevelopment kit (SDK) provided by the manufaeturThe SDK provides access to
various useful tracking parameters such as skeletal information (e.g. joint locatjppn® 6
individualg and distane from the camera (in the resolutiohmillimetres, up to 4.5m for reliable
tracking. Because of this a@dntage this setupal also been used by maRi.IS researchers and
practitionerge.g., Grace et al., 2013; Mdller et al., 2012; Vermeulen et al., 2015)
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The disadvantage of this technology is that a cleardfreght is required for the distance
measurements. In a crowded public space this could be an issue as tnensigtteneed to be able
to distinguish and switch between multiple tracked people. Also, distance alone may not be an

accurate indicator of intention to interact, hence should not be used as the only mode of interaction.

2.2.2.2 Motion-Sensing Surfaces

Motion-sensng surface make use of a richer set of input parameters besides the éibitaeen a
user and the surfac&hese input parameters include orientation, movement, identity, and location

(Greenberg et al., 201,Which can be used to create a more customizadenperience.

IR cameras of motion-
capturing system

User wearing a number of
tracked beacons

Figure 2-7. lllustrative setup of a motion-sensingsurface A rich set of input parameters, such
as orientation and movement can be provided using the motierapturing system. Using
current technologies the user has to weaa number of IR beacons for tracking purposes.
Redrawn from the ambient display system by Vogel & Balakrishnarf2004)

However, lecause of these additional input parameters, a more elaborate setup is required. This
typically involves multiple cameras positioned for clear viewall angles, and a numbef tracked
beacons worn by the useiue to current limitations in tracking technologiEgure2-7). As a result,

motionsensing surfacestill remain as a proof of concephd are not functionally deployable in
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public settingsNevertheless, studies have demonstrated goeential in poviding bettercontextual
sensing, i ncludi ng t hoéa persorntd receiving nformdtion{Fogarty@t ( openne
al., 2005; Vogel & Balakrishnan, 2004nd level of interegiWang et al., 2012)

In summary,gestures came used to address some of the problems of #multh surface (e.g.,
reaching all area6Shoemaker et al., 20Q7)and provide new forms of interactiongg.interacting
through spatial movement{Miller et al., 2012) Moreover in contrast to touches where the user
explicitly perfoms an action towards the surfagestures can beonsidered aan implicit form of
interaction(Ju et al., 2008)For example, the gestuof theuser walking towards the surfaceuld be
sensed by a gestural surfaoe interpreted as potential interest. Such inclusion of implicit interaction
is particularly useful for interaction with PLISs, @adl be elaborated inChapter 3 Nevertheless,
gesturesare limited by their ability to provide affordance and feedback, and have the risk of being
unnatural taheir users(D. A. Norman, 2010)Care haso be taken when designing which gestures to
use and how themay beperceived by thie users.

2.2.3 Cross-Device Surfaces

Crossdevice surface refer to a collectionf inter-connected (ideallyvirelessly) interactive surfase
where some or all of them support mutduch and/or gestural input§uch technolog takes
advantage of the surfacdy asgining different interactioomodes to their respective form factors.
For example, one or motarge surface may be usedor overview andmultiple small surface for
detailsview (e.g.,comparing map datéSpindler et al., 2010)or multiple large surfacefor public
information andmultiple small surface for personal informatio(e.g.,sharing and exchanging media
content(lzadi et al., 2003)

Crossdevice surface were often explored as ameansto better support collaborative work
(Wallace et al., 2011)with a focus on collaborative sense makiWgallace et al., 2013)data
visualizationand exploratior{Spindler et al., 2009andinformation transfe(Marquardt et al., 2012)
With the proliferation of mobile personal devices, researchers have begun investigating the

combination osuchdevices and PLISqe.g.,browsing shops in a mgMasuko et al., 201%)

While similar to systems supporting collaborative work in terofi device compdon (large
surfaces and small personalevices) andnodes of interaction within each individual devices (e.qg.,

touch, movement), the overall interactionthe context of PLISsnay bevery different: personal
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devices as representatios of individuals directly interacting with the PLIS but not with each other
(c.f. all individual devices connected to each offitamilton & Wigdor, 2014)anda yardscale one
few ecosystenwhere both the surfacandpersonaldevices are managed by us€Fsrrenghi et al.,
2009). Because of thidifference the typical interconnection model is a clienpérsoml devices)to-
server (the large surfacé@avian et al., 2009)instead of a peewo-peer model, and thpersonal
devices being used a ¢Figirg2-8)rTe tuntharlunderstainbetineplicationnt r ol s
of this model,l developed a taxonomy of interaction mechanisms for atesge surfacesin the
PLIS contex{Cheung et al., 20143ummarized iffable2-1.

Table 2-1. A taxonomy of crossdevice surfacs interaction mechanisms in the PLIS context
Both the large surface (LS) and the person devicd?D) can be used as input only (), output
only (O), or as both input and output (I/O). Direct interaction refers to both the physical and

system actions take place at the same surface, indirect interaction refers to physical actions and
system actions taking place at different surfaces.

*A detailed version with illustrative examples can be found ifCheung et al., 2014)

Large Surface (LS)

/0 | (0]
— Both LS and PD act as cont . . Indirect control of LS, with
o , : Indirect control of PD, which o
a I/0 and display, and provide : ; : . feedback and/or indirect
o s 4 . still allows direct interaction h .
° in/direct interaction interaction on PD
o
ga | Indirect control of LS, which Indirect control of LS, neithe
= still allows direct interaction allow directinteraction
5
2y
(O]
a

Direct interaction on LS, P0 Indirect control of PD, no
controlled indirectly direct interaction

The most commonly used category within this taxonomy is thebitation between a large
surfacebeing used as an output channel, and personal devices being used as both input and output
channels (topight in Table2-1). Thi s category <cl odelryemoitei contt el
and is typically achieved by the personal devices sending interaction data (e.g., touch events,
orientation angles) via an internet connection to a computechwhierprets the data and applies
them as input to the contetisplayed at the large surfaf®rignull & Rogers, 2003; Cao et al., 2008;

Carter et al., 2004; Dearman & Truong, 2009; Izadi et al., 2003; Kaviani et al., 20@8mecases
the content would also bwansferred back to the personal devices using the sameetion
(Dearman & Truong, 2009; Kaviani et al., 2009; Miiller et al., 2008)
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Figure 2-8. Typical client (personal device-to-server (large surfacg inter-connection modelin
the context of PLISs Interaction data (e.g., touch events, orientation angles) are sent from ea
personal device to the computer acting as a server via the Internet (e.g., 3G, WiFi), and ¢
interpreted and applied as input to the content displayed at the large surface. Personal devic
are not connected to each other in this model.

In sumnary, crossdevice surface provide a more personal experience in interacting with PLISs, as
achieved byappropriately disseminating information to respective devitbey also allow a greater

variety o f interaction by appropriating iligsémgacti on
contentselectionin the PLISs bytilting a personamobile devie (Pietroszek et al., 2014)However,

this technology relies on the availability pérsonaldevices for a completexperience, and in most

casesa wireless connectiofe.g., WiFi, mobile datawhich might nt be availableat the deployed

location Also, additionalapplicationinstallationmay be requiredon the personatievicefor more
sophisticatednteractiors, which might deter usaggventhe serendipitous nature of many PLISs.

Understandinghe advantages and disadvantages of the technologies available for the implementation
of PLISs is crucial to their successful utilization. In this thesis, such understanding was used to inform
the development of a PLIS system combininglti-touch and gestal surface. Specifically, visual
elements were appropriated according to the capabilities of the-towdth and deptlsensing
hardware detailed inSection7.2.3. The design implications, as well as future research direction

related to the use aind capabilities afhese technologies, will be discussed in Chapters 7, 8, and 9.
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