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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.
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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.

27



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.

29



~

-

(&) 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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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

m

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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2.3 Existing Models and Frameworks on PLISs Interaction

A number of interaction modelsetween users and interactive surfaces have been proposed to
describe the unique nature of PLI Ssé wusage. Th
interaction styles with PLISs, thereby providing insights into designing appropriate interaction
meclanics. A consensus is that interaction with PLISs can be divided into phases within a spectrum

of user engagement, from users being peripherally aware of the surfaces to users actively interacting.
Understanding these phases can help derive design recomanen ons t o facilitate

between phases, ultimately toward greater levels of engagement and effective use of PLISs.

Brignull and Rogerg2003) proposed an interaction framework of three distifsctivity Spaces
characterized by the level of engagement and thigitees involved: peripheral awarenesdocal
awarenessanddirect interaction This framework wa developed based on their observationthef
AOpi ni oni z e dlectingasysteradppioyed mpublic gatherings such as book launch
events. Their analysis regarded the transitions between the activity spaces as the key source of
bottlenecks in public interaction bayiour, which could be overcome by encouraging people to
become more engaged withet interaction through, faexample, positioning the surfacear foot
traffic flow, locating a helper to il confidence with the surfageand providing lightweight and
visible interaction for the users. Although the deplogadacereceived inputs &m a laptop nearby
instead of from the surfadéself, the framework served as a good starting point for modeling public
surfaceinteractions and provided insights irttow to encourage people to interact with a PLIS.

Streitz et al.(2003) proposed an interaction framework that utilized distance asdicator of
Interaction Zones ambient notification and interaction and applied the framework to their
GossipWall system. They suggested the provision of progressively more expansive servines with
eachinteraction Zonebased orthe assumption that ehcloser the user gets to therfacethe more
actively they would interact. In a public setting, however, this strictly distbased approach may
not be an accurate measure of intentionteract withthe system, as people may be close to the
surfacesimply because it is near their path of travel, another target destination, or a temporary shelter,
as reported by Peltonen et @008) The GossipWall system also assumed a single user or a cohesive
group of users rather than simultaneous independent users, thus failing to cater tetthefisocial
configurations in PLISs. Nevertheless, the GossipWall system introduced the use of personal devices
as part of theservice provisions when a usersmaearby, which helped address private data access

concerns in public environments, and usgecific services.
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In a study of interactive surfaces as public ambient displays, Vogel and Balakrigtytat)
developed a framework describing a range of flmteractive Phasesambient displayimplicit
interaction subtle interation, andpersonal interactionand the types of user interaction that enabled

a user to transition between these phases (body movement, body location, head orientation, gestures,

and touch) . This framewor k (2203) b furtherIdigided thew St r e t
Al nteractive Zoneso i niton AfSludg d £0 ,a nadn P egesmearrad | il e (
Zoneo into Al mplicit Interaction phaseo to all ow

t e ¢ h n (Vqgel&Balakrishnan, 2004, p. 139s well as supporting simultaneous users in their

own interactim p has e. The richer set of user dinteractior
distance from the surfagdasprovidedmore contextfot he user 6 s b e laddressther , and
issue discussed above where the user may simply be nearrfioes but rot intending to interact

Based on observations of audience behaviour with a set of four large pubihces utilizing
gesturebased interaction in a city centre (Magical Mirrors), Michelis and M{#éd 1) derived the
Audience Funnelvhich described the transitions between six different phassasing byviewing &
reacting subtle interaction direct interaction multiple interactions and follow-up action They
presented the transitions between phases in a quantifiable wiagh inspired later work in
evaluating their owrsurfaces (Ravnik & Solina, 2013)While the discussion provided insights in
terms of evaluating and improving individual transitiaihe& reason why there was a funneling effect
(fewer and fewer users remained as they progressed along the phases) was not islidtk

framework was mostly used for seifaluation rather than comparison of design concepts.

In summary, the models seribel above portrayedP L 1 S s 6 asuaspeogression of engaged
interaction. Through separating such progression into phases, techniques have been proposed and
investigated to support one or more phases, as well as to transition users from one plmkerto an
Some of these models have also led to systematic evaluation of PLIS debggmstefaction model
(DISCOVER) developed inhts thesisdrew inspiration from this approach and modeled the
interaction process as a progression of user stapgesentig thecognitive states of a user, with
transitions representing system actions connecting these userHt&anodel strived to describe the
interactionas a discoverabilitprocess, and providea comprehensive tool to better evaluate a PLIS

system though different ways of application, as detailecClmapter 3
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2.4 Studying Public Large Interactive Surfaces (PLISS)

To better understand the usage of PLISs and evaluate their designs, researchers have developed
various ways to study them. Alt et a(2012) comprehensively overviewed existing study
methodologies for evaluating publgurface, in terms oftypes (i.e., descriptive, relational, and
experimental) paradigms(i.e., ethnographyasking users, lab study, field study, and deployment

based), andools (i.e., questionnaires, focus groups, observations, and logged interactions). In this
regard, the methodology described in tthissis Chapter 4 focuses orparadigmsspecifically for

evaluating prototypes, which allow implementation of novel and existing designs, and further
elaborate the steps involved and tradéfs of each paradigm. Furtheonr e , Mc(®B4At hods
distinction betweeffield studyandfield experiment s used t o-thdwisltd®goab sdr Viatni

studies, so as to highlight the ability to control the study conditions in theskipktiments

2411 I-the-Wi | d 0 FRudiesl d S

Because of the public naturd ®LISs, inthewild field studies areoften used to investigate
passersbybds natur al sbrfads.alkeiinthewild methodolagipbasedomant o t h e
ethnographic approactBlomberg et al., 1993)vhich involves deployment of thsurfacs in the

target location, with a completelyworking application running on the system. Researchers then
observeand record (via field notes or video/audio capture, and/or system interaction log) how the
surface are usedwithout interruptingthe interaction process. Gsite voluntary interviews/surveys

may be conducted with an arbitrarily number of people who have interacted wihrfhes. This
methodology has the advantage ofnigerealistic and hence producesologically valid results. For
example, Peltonen et §2008)deployed an interactive publisurfaceat a storefront in a central city
location, allowing anyone who passed by to interact with it. A month of system use was recorded via
a combination of system interaction logs, web camera (with a mono soundtrack) ovetseeing
interaction, and a number of -gite interviews. A similar combinatioof data collection methods

have beenused by many researchers to analyze usage pattehich can helpelicit design
requirements and identify usability issu@sg., Brignull & Rogers, 2003; Hinrichs & Carpendale,
2011; Hornecker, 2008; Jacucci et al., 2010; Marshall et al., 2011)

Depending on the context the PLIS is designed for, the duration of field studies can range from
few hours(Brignull & Rogers, 2003jo days(Hinrichs & Carpedale, 2011)pr even year¢Ojala et
al., 2012) resuling in various contexspecificfindings. In a paper describing a thwgsar longterm

field study of multipurpossurfacedeployment, Ojala et a[2012)discovereda difference between
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information needstated by the publiand how theyactualy used theinformation. Based on this
difference the authors argued thia¢re was a need for such longitudinal study for gaining mere in
depth knowledge about the reabrld use of PLISs. However, besides considerable time
commitment, field studies inevitability have a low generalizab{¢Grath, 1984) due to the fact

that thesystemhas to be in a designated location with the application tailored to its context.

Moreover, video/audio recordings, while being a major source of data, might not be always easily
available. For example, environmental fastqe.g., sunlight, noise, and venue constraints) may
hinder proper recordings. Also, due to privacy regulations in many countries, video collection may
require prior informed, often written, consent, which is often difficult to collect from passersby and
may hinder study participatiofHornecker, 2008)

242f l-the-Wi | do Fi el d Experi ments

By definition, inthe-wild field studies discouragany form ofdisturbanceincluding changing the
interface of the application during study, so as to provide a naturalistic study environment. This
requirementlimits the ability to compare and evaluate differensige concepts. hthe-wild field
experimats address this limitation by allowing different versions of the deployed application to be
shown at different times or in different locations. For example, Seto €P@l2) investigated
different menu invocation designs aimed to promote menu disabiity on a public digital tabletop,
using various interface elements and animations. The authors deployrdftuein a museum and
switchedbetween four alternative interface design approadinésg each day of the study. System

use was documentelrough field notes, computer logs, and video recordings. Similarly, Kukka et al.
(2013) investigated mechanisms for enticing interaction on puslidaces by developing eight
versions of the same application with different visual signals, lwiiere the deployed on eight
publicinteractive surfacgat different locationsApart from unobtrusive observation, interaction logs,
and semistructured interviews, the authors also collected demographic information and feedback by

displaying a questiaraire on thesurface upon touches.

Alternating between different versions of an application allowed researchers to control the design
features being studied, thus allowing for comparative assessment. However, it is possible that the
same set of people Wwibe exposed to multiple versions throughout the study, thereby creating a
carryover effect. One method to counter this effect is to conduct the study for a longer period of time,
such that an adequately distinctive set of people can be exposed to eswh. Wéat, this approach

requires a greater time commitment, and still suffers from the same data collection obstacles faced by
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the inthe-wild field studies. Another method is to have each version deployed in a different location,
thus reducing the timeequirement. However, this method requires multiple surface setups, which

might not be as readily available as having just one single surface.

2.4.3 Laboratory Study

In a laboratory study, researchers gaiecisionby being able to control variables in the environment,

thus allowing more rigorous qualitative and quantitative analyzes of study data. This is typically
achieved by having the study set up and conducted inside a laboratory, with representative users
reciited as participants and completing the same set of procedures. Comparative assessment of
design concepts is possible by subjecting participants to versions of applications. Under modern
ethics protocol, a laboratory study follows a predefined set ofsstegluding informing the
participants about the purpose of the study, asking them to carry out certain tasks while being
recorded, and allowing them to provide feedback about the task. In addition to improved precision, a
laboratory setup poses less dechaon application robustness, as it is used under controlled

conditions. It also allows researchers to quickly prototype a system or part of a system for evaluation.

For example, Vogel and Balakrishng2004) developed a prototypaotionsensingsystem based
on their proposed interaction framework for PLISs, and conducted an informal user evaluation in
controlled | aboratory environment. To explore r
used to notify and communicate with users in a |
137), their participants were deliberately askedxjglage thesurfacewithout any instructions given.
Based on the user feedback and direct observations, the authors were able to evaluate the
effectiveness of their design solutions and establish future directions. Notably, the authors highlighted
that, depite the fact that the system was not technologically feasible for deployment inveoriehl
study due to hardware limitations, evaluating a prototype solution in a laboratory setting allowed

them to iterate and refine their designs.

In the context of PL3s, laboratory studies are less frequently used. When used, they are typically
used astadyipr &€ or emnts, withoua huchnseraisyighe implications from
the results. For example, Muller et £012)conducted a ladratory study, before a field study, to
investigate the effectiveness of various visual representations of user embodiments to indicate
interactivity. They used the laboratory study to quickly tesbugh eight conditions andetermine
which representatits were more effective, without -ttepth inquiry of the rationale behind

participantsd reactions. However, it is possibl
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behaviour through careful and comprehensive experimental design using labatatdies. In
contrast to field studies and experiments, laboratory studies are typically used to systematically
compare and measurffects under various conditions. Hence, there is no distinction between

laboratory studies and experimenthis thesis wl solelyusefil abor at ory studyo for b

This thesis used a combination of laboratory study artigmvild field experiment to provide a
comprehensive evaluation of a PLIS system using visual condepiarticular,a labaatory-based
studymethodology waslevelopedand employed to targetdhevaluation towards the eastages of
the interaction process (Chapters 4, 5, and 6). Ahewild field experiment was then conducted to

further evaluate the visual concepts in a-keatld setting Chapter 7.

2.5 Use of Experimental Deception in Research Studies

Experimental deception (or simply, deception) has been extensively used in psychology as well as
HCI domans. Here | overview literaturthat inspired the design of the deception for the laboratory

based study methodology describe€Cimapter 4

2.5.1 Deception in Psychology to Study Attention and Perception

In the psychology domain, deception is often used as a means to retrieve unbiased data, including
participantsd at(Nesserndé& Beecklenal®ib;, Simons & eChatbris,01898) the

wi dely known Ai n{8imens & Chabrigy 1999)hé ttua purpase ofl tHeyexperiment
(unexpectedippearance of visual stimuli, a gorilla, among players passing basketballs) was withheld
from participants, who were given an unrelated task (pay attention to a team passing basketballs and
count). To ensure validity, participants who had heard of theriexget or phenomenon were

replaced, and their corresponding results discarded after the study.

The laboratorybased study methodology in this thesis drew insights from the psychological study
of attention by first withholding the true purpose of the expent in the disguise of an unrelated
task, and asking probing questions after the unrelated task is completed. However, instead of
gradually revealing the existence of the visual stimulus (the gorilla was mentioned at the later part of
the interview with lhe participant), the questions asked in this study methodology did not explicitly
mention the type of visual stimul. used in the e

towards the stimuli.
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2.5.2 Deception in HCI to Study Behavioural Impacts

The HA domainalso makes use of deception to collect unbiased responses. However, deception is
typically used as a means to contr ol the behavi
This is achieved by ththie a mesnber aht researcfieano (orf aepdic r at e 0,
actor), playing the role of a study participant. The confederate typically follows a script or engages in
predefined behaviour, unbeknownst to the real study participant(s) (e.g., awareness support in a
computersupported coopative work(Convertino et al., 2004jmpact of communication on online

team dynamics(Dabbish et al., 2012) However, confederatdbased deception isot always
applicable for the publicowfae camle used by Bdiviuals aswdlliag s , a
groups(Peltonen et al., 2008naking a confederate inappropriéeg., the confederate can become

suspicious if staying for too long, and cannot create a scenario for individual interaction)

Deception has also been used in recent HCI studies of ilatigyactive surfaces the form of
hidden tasks. Beyer et d2011)u s ed v ar i ardusarfacs éhiaddition daoctheir cylindrical
screes under study, and gave participants little to no task instructions other than to explore the spaces
containing thescrees, followed by several questionnaires. Alt et (@013) deceived participants
arriving for another (nosdisplay) study by having them to wait alone, under no instructions, in a
hd | way (containing the display) under the PfAcove
final preparations. After several minutes, participants were led into an adjacent room and asked to
participate in the display study by completing a questionnaiterwards, participants were then led
to complete th study (the nowlisplaystudy) that they originally signed up for.

The deception strategies used in these studies were effective in withholding the specific purpose of
the study from the participantsljowing researchers to gather relatively unbiased feedback. However,
since participants were given little to no information aldmw to behave around the surfaaender
study, confounds may have arisen that influenced results. For instance, sompapdstieiaiting in
the hallway may have checked emails on their mobile phones, potentially affecting their exposure to
and perceptions of the surfacthis lack of experimental precision can be mitigated by a confederate
based deception to create consiserd enar i os, which inspired the wus

methodologydiscussed ilChapter 4
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2.6 Attention and Engagement in Other Practices

Dr awi ng pestionpahdeetigaging tham in activities have been perennial topics of interest for
many systems prior to the existence of PLI Ss.
them to museums artifacts, and to entice customers to a storefronsectiisn presents some of the
related fundamental principles developed in cognitive psychology and vision, and their applicability
to PLISs, followed by relevant practices in areas such as museum planning, retail, and gameplay that

can shed light on the dga of a PLIS system.

2.6.1 In Psychology and Vision Research

Modern views of attention capture in psychology describe attention as the first step in perception,
which then leads to cognition, and can be driven simultaneously by bogdlow-level stimuli such

as motion, contrast) and tapwn (highlevel stimuli sich as goals, intentions) processing of the
perceiver(Bodenhausen & Hugenberg, 2009hese mechanisms can be initialized externally and

therefore be incorporated in thentent presentatian a PLIS.

2.6.1.1 Low-level Visual Stimuli to Draw Attention

Low-level visual stimuli areappearance attributes thegtly on instinctive responses from the
perceiver(e.g., motion and scal@Francaeri & Simons, 2003)saliency(Steven Yantis, 200%)
Literature in vision research has investigated how such stimuli direct visual attention, and has
developed models that explain the selective process of attention shifting (e.g., salien@ti ®ap

Koch, 2000) In particular,Yantis and Jonide§1984) have shown that abrupisual onsets (e.g.,

sudden relative movement and flicker) are rapidly detected in visual search

Because of the variety in appearance attributes, for exampleyrctlomination, transparency,
and shape, lovevel visual stimuli areeadilyapplicableto a wide rage of content to attract viewsér

attention as a visual gramnthat can be used by content desigri¢en Leeuwen, 2006)

2.6.1.2 High-level Visual Stimuli to Draw Attention

High-level stimuli refer to cognitive expectancies and goals that modulate selective attention, which
can be driven by an tiee search of related object (e.g., an entomologist finding a particular insect
species(Bodenhausen & Hugenberg, 2009, p),3r surp i sed by HAoddball so
spotting an octopus in a farfhoftus & Mackworth, 1978)
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In contrast to its lowevel counterpart, highevel visual stimuli require more effort to attain, as the
context has to bereated oknown (e.g.the entomologist is looking for insectsiHowever, recent
work has argued that it might be a more effective mechanism to draw visual attentionwortéal

scenegHenderson et al., 2007dnd therefore also worth utilizing in content design

2.6.1.3 Peripheral Vision

Research in visiomas distinguishediuman vision system into central and peripheral visthis
separation is caudeoy the uneven idtribution of photoreceptorscpnesand rod}¥ across the retina
(density of congis muchhigherthan that of rods in the centre, and reversed at the perigReraks

et al., 2001), and cones being superior in aculdence, although normal human visual field is about

180-degreehorizontally, and 15@egree vertically(Gibson, 195Q)the level of attention and visual

acutydecreases rapidly as an objectds prdheecti on

peripheral retina are®rior research has conclutithat the peripheral retireeais capable of crude
information processing only (e.darm, motion), and is mostly used to guide fovéantral)vision

to informative stimul{(Adams, 1971, p11)

Collier (1931)studied the ability of peripheral vision in identifying geometric figures (e.g., circles,
squares, tengles), andeportedthat they were identified with diffent levels of correctneswijth a
tendency ottheir form being distorted. A latexxperimentby Shapiro, Lu, et ak2010)studied the
perceptionof motion in peripheral vision, anakvealedthat peripheral vision integtedfirst-order
(spatiattemporal variations of luminance) and seconder (spatiatemporal variations in image
attributes such as contrast or t#§pmotion perceptionscontributing to themotion distortion
perceived by the observén. addition there is evidence showing thvahile capable, peripheral vision
is not superior to central vision in detecting motion or discriminating vel@eitkee & Nakayama,
1984)

Peripheral vision is an important aspect for PLISs, as it is often the case for a public surface being
at the peripheral view of a passerby, instead of their central view. When designing content that
captures peripheral vision, it is fiseto understand the change in quality of the content being

perceived, for example, lower accuracy in shape recognition, and distortion in motion detection.

2.6.1.4 Audio Cues

A separate but often employed attention drawing technique is to use audio cuesclsignés have

often been used in museumsn vari ous ways (e.g., Vvoice prompt

53

C

<



own sounds)to augmentthe visiting experienc€Back & Cohen, 1998)or to promote better
accessibilityfor the visually impaired visitord_andau et al., 2005However, audianight not be as
applicable inpublic setting with frequent traffic, as it might not be heard in presence of other sounds

or at a distance; or where sound is not permitted (e.g., in a library). Nevertheless, recent studies have
shown that under the right circumstances (e.g., low ambient noise level forethéoche audible)

audio cues could also be used to raise awareness and entice interaction K& st al., 2016)

2.6.2 Application in Practice

Research in PLISs has applied techniques mentioned above on their interaction and interface design,
especially visual techniques d®y are more available in current display technologies. This section
begins with a discussion on how leand highlevel visual stimuli are applied. Next, an overview of

some of the existing practice found in public places, such as museums, is proviltletrabe how

they can be applied to designs for PLISs.

2.6.2.1 Low-level Visual Stimuli in PLISs

Many ofthe lowlevel visualstimuli are directly transferrable to designs for PLISs. These include use
of colours, animation, text and icoftisukka et al., 2013)In interviews asking for influencing factors
affecting whether people thought they would look at a display, Miller et2@lL0) identified

ficol oud fad nelss most i mportant factor.

Moreover there appears to laminteraction between losevel visual stimuli. In a recentusdy by
Kukka et al.(2013) investigating the effectiveness in visual elements including colour/greyscale,
animation/satic, and icon/text, it wageported that whem greyscale, text was more effective when
being static than animated; while wheoloured, the opposite was trde addition, the authors
uncovered the role of gender in preference: women preferred greyscale to colour and static over
animation; while men preferred colour to greyscale and icon over text. The authors made a note that

their results might vary in different contexts and user demographics, which warrant further research.

2.6.2.2 High-level Visual Stimuli in PLISs

Muller et al.(2010) describedhigh-level visual stimuliin PLISsas fimoti vati ond gi ving
incentive for using theurface, and used this as the building blocks for their Magical Mirror system
(Michelis & Mduller, 2011) This system used an augmented mirror image of passersby to raise their

curiosity. Later research compared the visual representation of the gsefaics (realistic image of
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the user versus silhouettéyle user sthow) and found both to be effec
attention(Mdller et al., 2014, 2012)Other examples of higlevel visual stimuli can be found in
install ations at pl aces qHincidns et al.,, 2008)sapdutousist ( ar t i !
information centres (tourist plann@arshallet al., 2011). Contextual oddballs are less common but

were suggested in interviews and situated studies in various city loc@ulitisr et al., 2010)
revealing passersbydés desire to see content that

Apart from the contendlesign, an extension digh-level visualstimuli is to consider the spatial
and social context of theurface, that is, how and where they are placed. These factors also affect the
perception and hence expectations from the passersby. For example |l BaighirRogers(2003)
suggested placing theurfacenear traffic flow to increase the likelihood dfbeing noticed and
facilitatetheAi hompey 0 ef fect . A similar suggdgXQ@8jimn was
placing thesurfacebased onthedrct i on of peopl eds movement, and
Surface made for a targeted audience edso be designed and placed according to their routines
(e.g., coffeecornerthat supports socializing/ichary et al., 2005)installationthat hosts a small

group(Hornecker & Stifter, 2006 )or better utilization.

Meanwhile, researchers have also explored associating proximity sutfaee with degree of
visual effect (e.g., Ambient Displafvogel & Balakrishnan, 2004)Proxemic PeddlefWang et al.,
2012) and Persuasive PiubIDisplay (Dietz et al., 2009)to entice interaction and provide a more
engaging experience to their usénghile promising such association poses a higher technological
requirement on theurfacéd s ¢ a [feaghdietéciing proximity reques a system to track its usgrs
which has only become more available in recentrs/€bhis thesis exploredts effectiveness in

drawing passersbyds attention and enticing them

2.6.2.3 Attention and Interaction in Museums

One of themain objectives in museum exhibition planning istoat t r act t he vi sitor
l ead t hem s(Bale 2618 tpi 208)Whicty @an be achievedhirough careful artifact

placements (to create a path), and col@ecion(to create weight and balanc@&here has been a
well-established understanding of museum visitor behaviour including short attentio(Bspar&

Dal Pozzolo, 2005)appreciation of interactivityBitgood & Patterson1987) andtaking an active

role in creating meaning to the vigBilverman, 1995)
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Designs for PLISs can benefit from many of such understaraidgapplication of the consequent
design principles, for exampl&g include motion and increase visibility of tharface (Bitgood &
Patterson, 1987)and toappropriate the amount and level of interacgiiidllen & Gutwill, 2004).
However, it is also important toote thedifferences between PLISs and museum artifacts. For
instancea museum is #ess distrative place dedicated to showcase exhiliiisnce visitors willbe
morelikely to stay and noticenteractiveartifacts Also, artifacts in a museum are typically connected
via themes and a patls therefore often necessary. In contrast, PLISs are typistdiydalone
systems that d o n o tedhniguessech as refativee placements ofpadifacts $oo
orientation and circulatio(Bitgood & Cota, 1995)vould not be applicable

2.6.2.4 Attention at Storefronts

It is of crucial importancdor stores to draw the attention of potential customgtsresuse their

streetfacing front to symboliz¢heir merchandise and philosoptyo cont r ol shoppersé p
the store, and to providehysical transitiorfrom the outside to the st@@nterior (Green, 1986)An

important factor in designing an effective storefront is to clearly and correctly reflect the concept and
merchandise of the store, to a point that customers will quickly undergtendtore, ancbhe
Avacuumedo (Barrt&®roudy) 8903t or e

Physical design of PLISs can draw inspiration from the layout and communicative aspects of
storefront designs. For example, use of identifiable visual elements, and spotlighting featured content.
However, sine the ultimate goal of a storefront is to convince customers to walk in and make
purchases, it is not designed to retain passersby, hence some of the design guidelines (e.g., defining a

passage way between the street and store interior) would not bebleplic

2.6.2.5 Attention at Digital Sighage

As prices for large surfasedrop, digital signs have become a common sight at many jandlisemi

public placesfor both commercial and academic purpogelinch et al., 2011)For examplemenus

in fast food stores, event schedules in convention centres, and billboards on urban building facades.
Some recent work attempted to incorporate sensurs thesesurfaces and adapt the content
according toaudience behaviouand their attentior{e.g., Muller, Exeler, et al., 2009; Tamaki &
Hirakawa, 2015; Wang et al., 2012¥et, in most of these cases digit signage was characterized as
means to provide pudbased and contespecific conten{Davies et al., 2014with less focus on

providing engaging user experience ldeployments in librariesr museums
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Practices in designing foligital signage are informativier PLISs interface design, particularly in
terms of drawing attention and disseminating information quickipwever, as the main goal of
digital signage is to provide information its audience instead of enticing them to stay and interact,

interactivity is typically kept minimahnd less studied.

2.6.3 Visual Techniques to Communicate Interactivity

Provided that the attention is being drawn from an unknowing passerby, the interface should
immediately communicate its interactivity, as being intrigued does not necessarily result in realizing
interactivity @interaction blindness(Ojala et al., 2013)

Building on the premise where a passerbybds att
such as callso-action and attract loopéules et al., 2004)have been proposed. However, these
techniques are typically language and culture dependent, or might mistakenly be associated with
arcade gamesMiller et al. (2012) evaluated the use of mirrored user images or silhouettes in
communicating interactivity, and showed that they were superior over traditiondb-aation
approaches. Ojala et 4012)eval uat ed the wuse of ATouch me! 0 ¢
noticeable increase in interagtioThese results suggeatiditional work is required tofurther

understandhow to convey interactivity.

A related area that PLISs can gain insights from is the interface design in gameplay, where players
have to quickly learn about the contréfsough tubrials and help dialogéAndersen et al., 2012)
Interface design in gameplay is more relevant than in other conventional software applications
because of its casualness andeitdertainment aspecin fact, some of the welestablished esign
principles are directly applicablem communicating interactivity. d¢-r exampl e, use of
modeo ( a s erbeiegslisplayd ngraa pcha mes when it i s not bein
wh e el sing withsat simplified level for early iccess)have been widely used in games to
promote exploration and learnif{glouser & DelLoach, 1998)and can be applied to the interface

design of a PLIS systefor a similar purpose

7 Some literature do not distinguish between digital signage, pervasive disptagslaic displays, treating
them all as fAcollections of gYuoil i alDavyeaat gl.c2dMBhisdep| oy ec
thesis takes a similar approach with the term PLIS to further highlight the interactivity of these displays.
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2.7 Chapter Summary

In this chapter, | firstillustrateB L1 Ss 6 vari ety in social configurat:i
and interaction methods, and the need to draw pas

on the design and evaluation of the PLIS system developed in this thesis.

Next, | lriefly overviewed some of the current technologies employed and their impact on PLIS
design considerations, and reviewed in detail relevant research and practices in attention drawing and
interaction design. These prior work has both motivated and ingpieerksearch conducted in this
thesis, particularly the formation of the DISCOVER interaction model, and the design and execution

of the laboratorypased studies and field experiment.
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Chapter 3
The DI SCOVER I nteraction Mode|

This chapter first describes a set a#sign considerations for Public Large Interactive Surfaces
(PLISs). Then the DISCOVER Interaction Model that models the interaction process between a user
and a PLIS is presented, explained, and compared with existing work. Finally application of the
mocel to research and design for PLIS systems is provided.

This model was developed in collaboration with mysopervisor Dr. Stacey Scofart of the
model has been published in the Doctoral Symposium in the ACM International Conference on
Interactive Tal@tops and Surfaces 20(@heung, 2014)where | athored and presented the paper.

3.1 Design Considerations for PLISs

Givent he uni que nature of PLI Ssd® depl oyment, and t
technologiediscussed irChapter 21 have established set of dsign considerationstguide the

design of the PLISs. These considerations have dirgidct onthe deployment location, choice of
technology, ad form of content presentation:

1 Support a variety of social configurationsPLISs are expected to be used roultiple
users of different social dynamics simultaneously, and the duration is typically short (a few

minutes).

9 Support a variety of user expectatiohsUsers tend to perceive the PLIS using their
existing understanding of public exhibits/displays, thislerstanding is often influenced
by the context they are in, and the physical appearance of the PLIS system.

9 Support a variety of motivations in using the PLilSJsers interact with the PLIS for

various reasons, for example, actively looking for informmtamut of curiosity or boredom.

1 Consider environmental constraifitsCharacteristics of the location often pose limitations
on the employed technology, for example, presence of direct sunlight, absence of internet

connection, limited space available.

1 Prouvde easyto-learn interaction mechanisms Commitment to interact with, and

willingness of learning about interaction at the PLIS is often low.
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91 Draw attention in midst of other objects quicklyPLISs are often unoticed amongst other
objects in a public $&ng. Attention has to be drawn proactively. The system must

compete with many potential distractions from the environment.

An interaction model, DISCOVER, encompassing these considerations was developed to better
communicate them for the purpose of sgstdesign and evaluating a PLIS in a heuristic manner.

3.2 Motivation for the Development of the DISCOVER Interaction Model

Review of existing models and framvorks on PLIS interactiomgvealed trends in establishing more
detaled interaction phases, as wedl incorporation of interaction modalities beyond distance from

the surface However,none of thework reviewed in Sectior2.3 considered the usabilityspect of
PLISinterfaces, orhow a user perceives tbarfaceat different stages of interactiaoreover, while
being recogni zed a sdraw dtenfiompomponentristoftep tieatedeas a singlee i
step without considering how attention is drawn and interest is evoked.

Based on these gaps in the previous research, | developed in collaboration with my supervisor the
DISCOVER interaction model focusing on the cognitive states of the user to distinguish between the
phases of interaction, in conjunction with the usabilityeas of the interface. This provides more
flexibility when considering environmental constraints or often subtle user behaviour. In addition, the
transitions between states are characterized by how the interface impacts the user, instead of how the
user tiggers them. This is intended to inform thesignof the interface to facilitate transitions using

the terminology that is we#stablished and researched in the usability design area.
DISCOVER goes beyond the aforementioned models and frameworks ial seags:

1. It takes into account the situation where a user becomes frustrated with the interface, and

discusses likely causes and possible solutions to address the situation.

2. It captures different motivations in using PLISs to provide a broader range k¢ pub
settings by identifying two typical application categorieskorientedandopportunistig.

3. It does not assume any specific technologies and physical configurations of a PLIS, and

instead any type of large interactive surfaces that may be usedloi@gontext.

4. It emphasizes the attention drawing, and interest evoking aspects of a PLIS.
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3.2.1 Discoverability Process

The key concept behind the DISCOVEReraction model is the continuous discovery pess

undergone by the user ofPAIS. The user firstliscoverghe system itself, thediscoversts purpose

and contentsand laterdiscoversthe interactivity it supportsT hi s fidi staitibete abi | it
therefore greatly affects the utilitan of a PLIS, and should be carefully examirdesim the very

beginning to the very end of the interaction proc®ssvious work typicallyoreaksthe process into

disparate phases exhibited by system ugagg, level of engagemen®nd connectshem through

system or user actiore.g., level of content detailssue r 6 s 0 .rin cennast, DISCQYBRaims

to bringthese phases together under the overarching concept of discoverability process.

3.3 DISCOVER: An Interaction Model for Public Large Interactive Surfaces

focused on the discoverability process

The DISCOVERinteractionmodel is a result of synthesizing existing literature and my own research

in the aredCheung & Scott, 2011) Thi s model represents Pablicnovi ce
Large Interactive &face with a focus on théiscoverability procespertainingto the discovery of

the system as a whole and the iatgivity it offers. Themodel is comprised ofiser states, and
transitions between thestates causkby various usability features diie interface, as detailed in
Figure3-1.

8Thet er m Adi scoverabi |l it @@03)twdescribe the psotessudgringdvhithya uslrasr ma n
actively interacting with the system. In this thesis it$ed for a broader interaction process including noticing
the system. ADi scoverability processodo is used here tc
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Figure 3-1. The DISCOVER interaction model for Public Large Interactive Surfaces

describing the discoverability process of the system and the interactivity offered.
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3.4 User States in DISCOVER

Each user state in DISCOVER describes the cognitive state of a user during the discoverability
process. The term Asystemo is used to provide a

includes the physical surface itself, alamigh any other artifacts such as signage.

1 Unknowing (user has no knowledge of the systénii) many scenarios the PLIS is not the
focus of a potential user (@asserby, for example, information display on their commute,
one of the many exhibits in a musewisit. It might also be a newly installed system which is
not explicitly announced.

1 Notified (user notices existence of the systénihe user is not directly interacting with the
system, but with their attention being drawn towards the surface. This attention can be
invoked by the interface, or presence of artifacts or other users.

1 Intrigued (user thinks something interesting or useful can be done with the syistEhg
user is willing to interact with the system. At this point the user forms a mental model of the
surface based on what they observe, and arrives at expectations of the sysiation to
their interests.

1 Indifferent & Withdrew (user has no interest in interacting with the systermihe user is
under the impression that the system does not warrant interaction, or it is clear that the system
does not provide information of imiest. It is different from the finalvithdrewstate as there
has not yet been any direct interaction with the system.

1 Exploring (user intentionally interacts with the syste)he user realizes that they can
interact with the system to further explore @sntent and interaction mechanisms, and
believes the system may be relevant or interesting. The surface has presented itself as
interactive, and/or the user observes others interacting.

9 Discovering(user purposefully engages with the systemhe user iteracts with the system
and begins di scovering the systembs featur e
responding to touches. Depending on the usability of the interface or the relevance of the
system, the user will transition into one of the folilogvthree states.

1 Distracted (user pays attention to somethingelsé) he user 6s attention i
objects, people, or events in the environmen
t o mai ntain the user 6s, oalytsanply the® naturd ofethe t o po

environment, where the surface is not the only focus for the user.
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1 Competent(user is able to accomplish a purpos&Yith proper guidance from the interface,
the user gracefully finds and completes all the necessarytsteggsomplish a task with the
system (e.g., find information, play a game). This task may be a predetermined one or a
potential one discovered during tB&ploringandDiscoveringstates. Note that this does not
mean the user is competent in all tasks supgg by the system, but only the task(s) engaged
during the interaction.

1 Frustrated (user is stuck)i | f the behaviour of the interfac
expectation formed earlier in the interaction process, confusion arises and eventually leads t
user frustration. Sometimes, the task can still be completed by watching or getting help from
other users (characteristic of a PLIS supporting multiple users), or some recovery
mechanisms of the system. However, in many public settings the user cathkeaystem
anytime with little or no perceived penalty. Thus, most users have a low tolerance for
frustration and will quickly decide to leave.

1 Withdrew (user leaves the systeiinignifies the end of the interaction. This state can result
from the userwsccessfully completing the task, being distracted, or giving up.

3.5 Favourable and Unfavourable Transitions

The discoverability process is a series of transstibetween the connectader states. As illustrated

in Figure 3-1, there are two types of transitiorfavourabletransitions(represented by solid lines)

and unfavourable transitions (represented bydashed lingds The favourable transitions and the
corresponding user states can be used to help focus design efforts to facilitate users through a desired
interaction pathway, leading to the successful utilization of the PLIS. Tlasaurabletransitions

and the corresponding useatsts, in contrast, case usedo helpidentify potentiafailure points and

prevent those transitions through effective usability desigible 3-1 summarizes these transitions

and describes how they are facilitated by the sys
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Table 3-1. List of favourable transitions (FT) and unfavourable transitions (UT) in the
DISCOVER interaction model. Each transition represents a change from a user state to

anot her facilitated t he nt erf ac

) as

by systemds i

Transition

Description

Unknowing to
Notified (FT)

Very often the main attention ofpmsserby is not towards the system, the interface my
first capture their attention by informing them about its existence. This could be facil
by visual elements appropriated to the context of the deployed environment, dynam
enough to quickly catctheir eye, or immediately recognizable.

Notified to
Intrigued (FT)

After drawing a passerbyds attention,
and help them to form correct expectations. This could be facilitated by more meani
content that can be consumed quickly, or showcasing what other users are engageq

Notified to In some cases the content provided is not relevant to the user, for example, advertig
Indifferent & to a user looking for train schedul&@$he system should honor this and facilitate the
Withdrew (FT) transition by clearly communicating its purpose.
Notified to f | -, h h il . fici il to Kk
Indifferent & An unfavourable transition w ere the system fails to provide sufficient stimuli to kee
Withdrew (UT) user, even when the conteprovided is relevant to them.

. The system should invite the users to start interacting, and instill confidence that it w
Intrigued to

Exploring (FT)

Abreako upon interaction. This coul d

elemerts such as buttons, demo videos, or recognizable technologies.

:zgilf%greednio& An unfavourable transition where the system fails to promote interaction, which may
Withdrew (UT) caused by content displayed in a seemingly-interactable waye.g., still images.

A user who stds exploring the system manpt necessarilpe aware of what they could
Exploring to do with thesurface(the input modality), which they need to learn about. One useful

Discovering (FT)

strategy is the use of feedforsdawhere the interface shows what will happen if a cert
action is performedDjajadiningrat et al., 2002)

Exploring to
Frustrated (UT)

An unfavourable transition where the
formed by the user, e.g., interface components perceived as buttons not responding
touches/selections.

Discovering to
Competent (FT)

The systemshodl qui ckly transition a user wh
interface into being familiar with the operations, to allow completion of the task they
to accomplish with the system. This can be facilitated by appropriate feedback and
the interface.

Discovering to
Distracted (UT)

An unfavourable transition where the system loses the attention of the user. This co
caused by failure to highlight relevance, or distractions from the environment.

. . Anunfavour bl e transition similar to the
Discovering to continues to interact, the expectatio
Frustrated (UT) reinforced
Distracted to I f the user 6s att e nysiem,the sysemdhoaldgnickly negain

. . This can be achieved by further demon
Discovering (FT) : :

for example, using dynamic content.
Distracted to An unfavourable transition where the systemfailstegai n user 86s at

Withdrew (UT)

incomplete task.
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Table31. (Cont déd)

Transition Description

Competent to The user has successfully completed the task by carrying out expected steps. The
Withdrew (FT) to be explicitly informed about thask completion and that they can leave the system
Frustrated to The system i s aware of userds frustra

Competent (FT) | errors or timeouts, and should provide assistance in resolving the frustrations.

Frustrated to An unfavourable transition where the system fails to assist a frustrated user to unde
Withdrew (UT) and use the system via its interface, leading to the user giving up.

3.6 Two Typical Application Categories

DISCOVER also suggests a distinction between two application categtagsoriented and

opportunistic These two application categories describe the expected entry point into the model, that

is, the degree of discoverability of the system and its featilrat need to be supported. In the-task

oriented category, users seek out the system for a specific purpose, and thus, enter the model at the
intentional use stageskipping thepasserby stageompletely. In the opportunistic category, users
havenoprio knowl edge of the systembs existence, and t

only proceed into the intentional user stage if the system engages the user.

These different application categories suggest different foci to engage the targ€o ulbestrate,
consider an opportunistic example of an fAinterac
passing by the store window, similar to the setting studied by Miller €@l2) Uses typically
begin as passersby withaile knowedge of the interactive surfacéhe system must quickly grab
their attention, and more importantly, communicate to potential users that the system offers
interestingand relevantontentwith whichthey can interactf successful, the users wiéngagewith
the system. Otherwis@ptential users will simply walk away. To illustrate a tasiented scenario,
consider an interactive map in a shopping mall. Shoppers looking for directions typically seek out the
system, and begin using it with tirgention to engage with the system. The systbould facilitate
the userdo quickly figure out how to use the systemndto find their destinations and directions for
getting there. Here, the system must provide hints and cues for the useasntdte operations

required to complete their tasks.

In both application categories, knowledge of interacting with the system is not assumed. This is due
to the variety in expectations and ways of interactions within the users. Therefore, it is important for
thePLISs to include expectation formation and interactivity communication in their interface design.
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3.7 Applications of DISCOVER

DISCOVER is a versatile tool that can be applied to the design of PLIS in a number of ways: 1) a lens
to help focus existing usalifi design guidelines, 2) a synthesizing language of existing work, 3) an
analytic framework for gap analysis, and 4) an evaluation framework for assessing usability of an
interactive surface system in a public setting. This section illustrates how ehels@fpplications is

accomplished, and discusses the outcome from carrying them out.

3.7.1 Application One i As a Lens to Focus Existing Usability Design Guidelines

To provide a satisfactory user experience with a system, designers must ensure that thennteract
process motivates and sustains the task being carried out. In this regard, the favourable transitions of
DISCOVER can be used to help focus existing usability design advice for PLISs.

Classic usabilityesearctand standard§Gould & Lewis, 1985; ISO, 2000; Nielsen, 199@&ntify
usability as a requirement for systegteaptability, and mainly focusn improving task efficiency.
While the main cotext of use andser composition of PLISs différom those in the classic usability
literature, which typicallyassumesattendedo taslks with clear goalsseveral relevant usability
attributes can still be identified and adapted to the public use context. These attributes are expected to
promote thefavourabletransitions in the model by cateritgthe usability needs of a novice user in

particular.

9 Discoverability i Refers to the ability o& novice user to recognize the possible actions
within the system and its current stéiz2 A. Norman, 203). In a public setting this also
extends to noticing the system itself (transitioning the user to Nlo¢ified state), its
potential benefits (transitioning the usenmérigued or Exploring states), and its available
contents (transitioning the usés Exploring or Discovering states). This principle is
similar to the AComprehensiond design prini
(200) wher e the system fishould reveal meaning
differs by also including the discovery of the Pls&temin its environment. A high level
of discoverability increases tlpgesence of the si@m in an intrinsically distractive public
environment, and hence its utility. This can be achieved by proper positioning of the
system (Brignull & Rogers, 2003) and good use of visual stimulBodenhausen &
Hugenberg, 200%teven Yantis, 2005)
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1 Learnability 7 Refers to the ease of a novice user to acquire the skills of interacting with
the system(Nielsen, 1993) both physically (capablefccarrying out the action) and
intellectually (knowing what the action entails). Such skills are needed to transition the
user throughExploring, Discovering and eventuallflCompetentstates. A high level of
learnability gives the user confidence in usithgg system. This can be achieved by
highlighting [perceived] affordances of interface compondiiis A. Norman, 1999a,
2002) together with proper visual tools such as feedforward and felkedbgjadiningrat
et al., 2002Jo communicateénteractivity at the interface.

1 Understandability i Refers to the ability of a nowcuser to comprehend the system,
which includes its purpose (transitioning the usetntmigued or Exploring states), the
nature of the content presented (transitioning the useintitigued Exploring or
Discoveringstates), ath what task stage the ugerat(through the discoverability process).
This is similar to the Aintelawaregsyskemdint yo at
ubiquitous computing environmer(®Bellotti & Edwards, 2001; Ju et al., 20082rmeulen,
2010) which is intended tonform users of how the systemorks and how the user

information is being used, thereby instilling confidence in them to keep using the system

and to mitigate adoption reluctan@duang et al., 2006) but wi th a focus on

awareness of the system. A high level of understandability allows users to quickly

understand what the system is offering, which is particularly impont f orandiappr oac h

useo contexts (where the majority of PLI Ss
proper response mechanisms and visualization me{Néidslor et al., 2009)and promote

ii mmedi ate apprehendabilityd by (Hoanxckeng t he
2008, p. 116)

9 Satisfactioni Refers to comfort and acceptability of $80, 2000; Nielsen, 1993)n an
i a p p randa s feadtext, more emphasis should be on applying the acquired skills to
accomplish a task effectively, and thus, avoid Hrestrated state. A high level of

satisfaction keeps the user engaged throughout the interactoess and Af eel s goc

when the intera@n concludes. This can be promoted by early successful interaction
(Marshall et al., 2011y ha't requires a fAl ow commitmento
enj oy@®rdghuk & Rogers, 2003, p. 7)This places a strong onus on designers to

provide an enjoyable user experience, rather than simply providing useful system features.
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Though all contributed to enhancing usability,stheattributes should be prioritized depending on
the DISCOVER user state the user is in. The opportunistic anebtizsked application categories
suggested by the model can be used to illustrate this prioritization. In an opportunistic application, in
order to effectively transition a passerby from theknowingstate to theNotified state, a higher
priority must be placed on making the interface discoverable, and its purpose understandable;
learnability and satisfaction are not as relevant at this stage as the system is not yet being directly
engaged with. Bringing a user from thrgrigued state toExploring and laterDiscoveringstates are
critical moments in initiating direct interaction and sustaining engagement, respectively. Thus, a high
priority should be placed on learnability, discoverability and understandability. On #rehatid, in
a taskoriented application, more emphasis should be placed on learnability and discoverability of the
interface, and thus smoothly bringing the user fromBxgloring state through subsequent states and
eventually theCompetenstate.

The notion of user states, attribute priorities for various transitions, and application categories

allows designers to apply existing usability design advice to PLISs.

3.7.2 Application Two i As a Synthesizing Language of Existing Interaction Models

Prior work hasinvestigated actual and simulated deployment of large interactive surfaces, and has
developed interaction models and design implications based on the findings. These in turn inform the
design of improved systems, from physical location to interface ddbigmeby better engaging the
users. Yet, there is a lack of a unifying framework that describes all of these models and their
implications, and that provides a language that can be used to synthesize existing literature and

describe the underlying discoedility process.

DISCOVERaims to provide a foundatidor sucha unifying framework. As shown inFigure 3-2,
its user states and transitions prowédset of vocabulario portraylevels of engagement throughout
the discoverability process; the transitions are used to further establish usability attributes to promote
afavourableprogression. It therefore provides a language that can be used tomefiresateraction

and identify room for improvement.
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Indicates intended Guides users in learning
Provides stimuli interactivity & using the system

Unknowing  Noticed t@Bued | Exploring | Discovering Withdrew
DISCOVER H’k e 4-0. d
& Hithdrew Frus!

d
Informs potential users Invites & encourages Demonstrates Indicates task
interaction relevance completion
. Clarifies relevance . Provides system help ,
I 1 1
t Opportunistic entry point t Task-oriented entry point

proximity reveal

Inactive Implicit Qverview Select & Personal

/Hidden
Ambient Display Framework ﬂ
(Vogel & Balakrishnan 2004)

\

explicit visual

. i self-revealing hel hints
self-revealing posture g help feedback
Peripheral Focal Participation
awareness
Activity Spaces
(Brignull & Rogers 2003) H/
Honey-pot visual lightweight & visible
effect affordances interactions

Figure 3-2. Visual comparison to two of the most cited model@oth over 450 citations, source:
Google Scholar, as of 1 February, 2016): Ambient Display Framework (middle), and Activit
Spaces (bottom). The states of each respective model are shown in boxes surrounding
DISCOVER states to which they correspond. &id arrows indicate transitions for which design
advice is provided by the authors. The specific advice is provided in black text above or belc
the transition.

To illustrate, first consider the Ambient Display Framework (ADf)ddle rowin Figure 3-2) by

Vogel and Balakrishna(2004)through the lens of DISCOVER\DF is one of the more complete

and detailed models encompassing phases of interaction with a large intesad@eoesystem.In
ADF, interactions are described fr ogoups Ge,
Inactive/Hidden Implicit, Overview Select & Personalrepresenting the behaviour of tharface
The transitiondbetweenthese states are promptieg the plysical actions performed by the usEor
example, the action of walking towards thafacetransitions the system froimplicit to Overview
To communicate thigansition,the design adviceccording toADF is to revealisual cues triggered

by postureghand/body orientation and movemeoi) the interface.
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DI SCOVER compl ements ADF by describing interact
provide more flexibility and relevance for designers in terms of user experience and usability. Its
usercentric perspective also highlights aspects that arepmgtar ent from t he syste
for example, the branching after thNetified and Discoveringuser states, as the user might not find
the content relevant, get distracted, or feel frustrated when errors are made. These branched user
states provide ai cher vocabulary to describe the situat
which tends to be more technically focused.

Next, consider the Activity Spaces (AS) mo@abttomrow in Figure3-2) by Brignull and Rogers
(2003) which is frequently citedypresearchers for its insights irtfee interaction bottleneckBLISs
have to overcome. AS explicitlyighlights thetransitions byencouragingusers to cross the
threstolds of increasing engagement (denotedoaspheral awarenesgocal awarenessanddirect
interactionactivity spaces)These transitions have direct parallels with fédneourabletransitions in
DI SCOVER, f or Peripheral Alvaeenestd FHéakAwarenesgransition is in parallel
wi t h D | S OkhowiRgdosNotified and Notified to Intriguedt r ansi t i ofacal and A
Awarenessto Participationt r ansi t i on i s i n p dntriguédl tee Exploring t h DI S
transition. However, ufavourabletransitions are onlymplied by the inability toovercome the
mentioned bottlenecksvithout any discussion on how these impact the user or how to avoid them.
Also, how theuser is transitioned out of the engagement at the end of the interaction prauatss is

explicitly addressed.

DI SCOVER differs from A Sarticipatiorf activity Isgace intbitwoi di ng
increasingly engaged and effective user interaction st@tisspveringand Competent(and two
auxiliary statesDistractedand Frustratedas the corresponding unfavourable transitions), to better
reflect the levels of engagement in the interaction. Moreover, DISCOVER also includidsdaew

state, which explicitly signifies the completion of the interaction process.

The combination of stas, transitions, and the corresponding favourable and unfavourable
transitions in DISCOVER provides a more comprehensive overview of the discoverability process for
PLISs. Together with the two application categories, it provides a unified language ribedesc
compare interaction models, thereby enabling deeper analyses of existing literature to identify gaps in

existing research, as discussed in the next section.
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3.7.3 Application Three i As a Template for Gap Analysis of Existing Research on the
Discoverability Process of PLISs

To date, researchers have studied interactive surfaces in various public contexts, resulting in a number
of design recommendations related to various aspects of the discoverability process. Meanwhile, large
interactive surface reseaérsituated in notpublic contexts (e.g., workplace, classrooms) also offers
valuable design advice, directed towards the latter phases of the discoverability process (the

intentional usagetage in DISCOVER).

Yet, recent studies, as well as many of my @mecdotal observations, have shown that PLISs are
still underutilized. A contributing factor is that much of the existing design advice is specific to a
particular context under which the study was conducted, and therefore may not be applicable to other
contexts. For example, one approach for attracting people (i.e., transitioning Noified to
Intrigueds t at e) is topexpl effeche BAhphewomenon where p
existing users at a surface. However, this approach iseffielgtive when there is enough space in the

environment for a group of users to gather around the surface, and the surface is visible to others.

Table 3-2 summarizes design recommendations and advice from studies in a wide range of
contexts, including museum installations, storefront attractions, and conference booths, aiming to
improve the disoverability of public interactive systems, and ultimatedyfoster successful an
competent engagement withISs. Framing these recommendations and advice thiDLRDOVER
provides a systeatic mechanism for examining existing knowledge about how syssigns can
facilitate the entire discoverability geess. It also helps identifjaps that warrant further research to
expand our understanding of how to design for discoverabilityjuatrated in the nexdection
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Table 3-2. A

summary of existing

transitions for PLISs. The last two transitions are not welldocumented in prior work.

desi gn faamuable c e

Transition

Existing design recommendations and advice

Unknowi ng
Notified

(informs potential
users)

User Interface or Interaction Design

1 Manipulate displayed content properties (e.g., aglmotion, graphics, orientation)
(Kukka et al., 2013; Schmidt et al., 2013)

1 Vary level of iser interface details depending on proxemics factors (e.g., distan
orientation)(Marquardt et al., 2012; Vogel & Balakrishnan, 2004; Wang et al., 2

1 Animate icons as a function of proximity to raise awareness of device presence
(Marquardt et al., 2012)

External Surface Form or Physical Configuration

9 Strategically placed near traffic flow with empty space arq@nynull & Rogers,
2003; Marshall et al., 2011)

1 Manipulate form factor ofurface(e.g., colarfulness or attractivenessyrface
visibility and size, technology use(hlinrichs et al., 2008; Muller, Wilmsmann, et
2009; Schmidt et al., 2013)

External NorSurface Element
I User a human help€Brignull & Rogers, 2003)
1 Use interesting objects (e.g., robotic ady) & Sirkin, 2010)

Noti fied
Intrigued
(provides stimuli)

Dynamic Content
1 Use video instead of text, animated text, or still imggksng et al., 2008)

T Mirror userds own i mage coontentielatbdwisualt
effects(Michelis & Muller, 2011; Mdaller et al., 2014, 2012)

1 Present information in a visugplappealing wayHinrichs et al., 2008)
1 Proactive animation of conte(8eto et al., 2012)
Responding to Presence of Nearby User(s)

T Connect to nearby useros
(Marquardt et al., 2012; Streitz et al., 2003)

1 Personalization of displayed informatifviogel & Balakrishnan, 2004)

T Use visual el ements (e. g.,
movementgMichelis & Mdller, 2011)

iHo Apeoyt 0 HBimnp | oi t a

personal d

aur a arrdéo

1 Allow users to stay and watch others interacting from @agnull & Rogers, 2003;
Hinrichs et al., 2008; Peltonen et al., 2008)

9 Display users at remote locati@vller et al., 2014)

Notified
Indifferent &
Withdrew
(Clarifies

irrelevance)

Enabling Opout

1 Provide a mechanism (e.g., user blocking gesture) to allow user to indicate the
to withdraw from system participatiqifogel & Balakrishnan, 2004)
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Table 3-2 .

(Cont 6d)

Transition

Existing design recommendations and advice

I ntrigued
Exploring

(Invites &
encourages
interaction)

Proactive User Training
1 Loop video sequence demonstrating available acfidogel & Balakrishnan, 2004)
1 Provide help functions on a haheld devicgStreitz et al., 2003)

1 Gradually reveal available content as proximitptnfaceincreasegMarquardt et al.
2012)

Others

1 Clearly indicate that interaction will be a low commitmeniigyt, will be quick to
do, and enjoyabl@rignull & Rogers, 2003)

1 Provide users some degree of control over what information to(tleang et al.,
2008)

Expl oring
Discovering
(Indicates intendz
interactivity)

Proactive, Visible Interactian
1 Provide lightweight and visible interaction from the offé@tignull & Rogers, 2003

91 Provide visual cues to indicate possible interact®eto et al., 2012; Vogel &
Balakrishnan, 2004)

Exploiting Prior User Experience

1 Use familiar interactive components (e.g., nodes resembling bugtdimsichs et al.,
2008; Seto et al., 2012)
91 Display contentn familiar forms (e.g., content as decks of cafi4arshall et al.,
2011)
Reactive User Guidance
91 Interactive hints in response to user interac{Brandl et al., 2008; Seto et al., 201

Di stract ¢
Discovering
(Demonstrates
relevance)

Actively Track User Behaviour

1 Vary displayed content properties (e.g., size, movement) depending on proxen
dimensionge.g., distance, orientatiof§Vang et al., 2012)

Di scoveri
Competent
(Guides users in
learning and using
the system)

fi Ho Apeoyt O itaionp | o

1 Allow participants to watch others using the interfé@ggnull & Rogers, 2003;
Hornecker, 2008)

Visual Feedback

1 Use liberal icons for gesturégogel & Balakrishnan, 2004

I Use animation to communicate proper ges{Bau & Mackay, 2008; Brandl et al.,
2008; Freeman et al., 2009; Hornecker, 2008; Wigdor & Wixon, 2011)

I User subtle animation sequence of interactidimrichs et al., 2008)

Frustrat ¢
Competent
(Provides system
help)

Competent
Withdrew
(Indicate task

completion)
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3731Gapl:Capturing Usersdé Attention and Encouragin

There is considerable design advice related to transitioning users through the first fevofsthges

di scoverability process, which involves captur.i
approach, and then encouraging them to interact with the system. This design advice primarily
focuses on appropriating external elements ofstivéace or utilizing dynamic or visually prominent

content on thesurface Yet, much of this design adviceissba d on researchersdé ob
reflections on a deployed application, and is largely unsubstantiated empirically. A few notable
exceptionsinclude,theosi t i ve cor roedymat @ ne fbfed avte e aMidiechetonv er s |
al., 2014) the effectiveness in enticing interaction through the use of informative text sutiaee

(Kukka etal.,2013) and i mprovement in discoverability of
(Seto et al., 2012)

Some of these HAvalidatedd approaches, however
validated approaches, adding to the complexity of the design space. For example, KukiD&Bal.
found that textual approaches were more effect
interactivityo eurfaceaThipfinding conflicts with @ canmadnly wutidized, and
even validated, approach of using graphical animation to concate potential interactions in a
public systerh(Huang et al., 2008; Marquardt & Greenberg, 2012; Seto et al.,.28d&confusion,
or conflicting advice, may stemdm oversimplification of the early stages of interactionthe
discoverability process, commonly thoughtotak e fAattract and enticeodo pha

To mitigake this oversimplification, DISCOVER divides this phase into three separate states
(Unknowing Notified, andIntrigued) in order to help separate the design concerns for each of them.
Using this separation, it is possible to make sense of the contradiction: graphical animation may be
more effective to transition users through the earlier stdtegknpwing and Notified), while
instructional/informative texts may be more effective in the latter diatrig(ied). It is also possible
as Kukka et al(2013)indicated in their article, théteir findings might have been influenced by their
user demographic (university students), or other situational factors. Thus, an important area for future
research i® more systematic investigation of the recommended design approaches, even previously

vd i dated approaches, for capturing usersodé6 attent

® Typically preferred over text that has limitations in terms language, for example, an exhibit in a museum for
international visitors requires multiple translations, or some interaction mechanisms require more than a few
words to describe.
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contexts, user populations, and application conténts expected thatuch variety will have
significant impact on the choice of approaches, for examprtual avatars with traditional input
devices keyboard in kiosk) might be more appealing to an older generation, and novel gestural input

might be more approachable for younger ones.

3.7.3.2 Gap 2: Facilitating Interaction with PLISs

When touckenabledsurfaces first appeared, significant research and design focus were placed on
developing minimalistic, gestuteased interfaces that were a large departure from traditional widget
based (and affordane&h) desktop interfaces. These early tobelsed interfaceare often criticized

by usability experts (e.g(D. A. Norman, 201Q) as they provide few visual cues to help users
understandvhat types of interaction were possible and recognizdijHnhof these criticismsas well

as reatworld user feedback for toudiased personal devices, recent advahege beemade in the
design of touctbased interfaces to help guide or scaffoldragoward feature disvery and effective
system usgWigdor & Wixon, 2011) Such advances are also applicable in the context of public
surface, particularly after theaskoriented entry poindf DISCOVER {Table3-2).

However, publicsurface have additional design concerns that have to be addressed. For example,
unlike nonpublic surface, their public naturpusu s er s fAon di spl ayoewleen i n a #
they attempt to engage with the interacti®eeves et al., 20057J his introduces a unique barrier for
PLIS utilization: social inhibition, where many users, particularly adults, are often concerned about
Al ooking sillyodo when using these systems. This pbh
behaviour it entailgMiller et al., 2010)is a significant concern that needs to bdrassed to ensure
system acceptance and adopti on. Determining how t

to learn and become competent with the system is vital for this community.

DISCOVER offers insights te how these concerns can be addesl through state transitions.
Two promising approaches are 1)ngsi per sonal devices (e.g., user 6s
interaction with the publisurfaceby, for example, providing help functions on the persenalace
(Streitz et al., 2003)and 2) leveragingxésting, well understood social norms to facilitate user
interaction with the publicsurface for example, by gradually revealing available content on the
public surfaceas a user approaches,emulating human spatial behavidiiarquardt & Greenberg,
2012)
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3.7.3.3 Gap 3: Supporting Re-engagement and Graceful Withdrawal

As revealed inTable 3-2, little work has been done in transitioning a distracted usek lbo
discovering the systenor in transitioning a frustratedser to becompetentwith system useThis

could be duedo the Imitation of current technologies in detecting such occurrences. Nevertheless
advances in environment tracking capabili{iBallendat et al., 2010; Wang et al., 2048y artificial
intelligencebased usemodeling (MartinezMaldonado et al., 20133ould potentially be used to
detect, or predict, user frustration througthavioural patterns within or around the systanmgto
better assistiserre-engagenent In the case of a distracted user, effective approaches utilized in
earl i er ilat tr ac tUnkrowinh and Notified states) pobld baeused Wwhereas

appro@&hes used to facilitatexploringcould be employed again to helsengage a frustrated user.

In addition, being in public view at all times, PLISs have to provide a quick withdrawal mechanism
so users can leave gracefully without disturbing the ongoirgig activity (Brignull & Rogers,
2003) whether it is in the early stage (content is irrelevant) or later stage (user has finished
interacting). DISCOVER considers this as dismissing users, which currently has not been considered
thoroughlyin the literature. Further research is needed to understand how to best manage graceful
withdrawal in the system. Of particular importance to this aspect is understanding how to best deal
with any personal information the user has shared with the systdng dateraction, and clearly
communicating the policy upheld by the syst@ellotti & Edwards, 2001)

3.7.3.4 Gap 4: Validating Techniques for Specific Transitions in a Controlled Environment

There has been a growing trend towards conductirggiint u ,-theavii | @ion eval uati ons
interactive surfaceis installed in a publispace and its usage beinfjserved and reporte@.g.,

Brignull & Rogers, 2003; Hinrichs & Carpendale, 201 tiriecker, 2008; Michelis & Miller, 2011)

These studies are referred to by McGréitB84)as fif i el d studieso or dAfi el
deployed system installed in its natural context, and with as little disturbance from the resesscher
possible. While this research approach presid higher degree of realismtie intended system use,

it lacks generalizability (the populations to which the results can be applied) or precision (control over
extraneous variables that are not beitglied)(McGrath, 1984)

Moreovert it is also particularly difficult to validate that a particular technique facilitates a specific
transition, as typically there is no way to control the environment or accurately measure user

responses, wibut intruding or interrupting. Deploying an interactive system in public, especially for
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the express purpose of conductingsitu research, also presents tremendous practical challenges,
including gaining access to a suitable public venue, ensuring @Eveporaily) equipment is
sufficiently robust and securely installéo withstand largscale usendor misuse, and safeguarding
equipment from theft or vandalism. These practical issues present significagtshi empirically

validatedesign advicérom Table3-2, or other theoretically promising concepts.

Other research approaches, for example, laboratory studies, enable greater control of the
environment and measurement, and thus, allow for morm@spranalysisof user behaviour. With
such control, researchers can focus on a specific transition and precisely study the effectiveness of a
particular technique. Moreover, laboratory studies provide researchers with more flexibility in
prototyping and eperimentation without having a fully implemented, or robust, system installed. A
significant challengehowever for studying any system in the laboratory environment is the attempt
to emulate, as close as possible, key aspects of the intended systet) sooteler to mitigate the
reduced realisrn a laboratory. For example, a key issue in emulating the discoverability process in a
laboratory is emulating the early stages of the process, that is, to provide an environment in which a
study participant fte potential user) begins in thinknowingstate.Yet, in most academic research
institutions sah as mingstudy participants must provide informed consent before participating. This
process typically informs them of the study goals (understanding tihditysar discoverability of
the system) andhe activities they will be conductinduring the study and thus inevitably
transitioning them directly into thidotified state. Further research is needed to develop new research
methodologies that caappropr at el vy emul @, eunltkhreo winmogyiwceer- t hat i

world public spaceChapter 4describes my effort in developing a methodology for this purpose.

DISCOVER provides a useful template for analyzing existing design recommendations and advice
on facilitating the discoverability process. Categorizing this advice based on the favourable transitions
through model helps identify which transitions are weltlerstood and which areas of the process

warrant further research.

3.7.4 Application Four i As a Tool for System Evaluation

Interaction models, such as DISCOVHRnN also serve asuseful toofor the evaluation of proposed
public interactivesystems, dr instance, to provide potential metrics agaimhich the system can be
assessed. For example, Michelis and Mu(2011) used their Audience Funnel framework to
measure the decrease i n u soaversionaakteorrnhg petchiageofif unnel 0

successful transitions from one phase (or state)efuhnel to the next. served conversions (or
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lack thereof)are then usetb identify opportunities to improve system design. Similarly, the user
states and transitions defined in DISCOVER provide a set of useful measures for assessing how
effectively a particularPLIS system supportgavourable transitins through the discoverability
proces¥. DISCOVER also provides framework for identifying ufavourabletransitiors during

system usage, which hdip pinpoint possible failure points in the system design.

This evaluative application of DISCOVERan be ilustrated bythe questionnaires used in the
laboratorybased study methodology describedChnapter 4 where itsstates and transitions before
the taskoriented entry pointvere used as templatefor evaluating the attractiopower of a large
surface (a 315cmdiagonal wall-mounted flatvertical surface, interactivity limited to distance
affecting visual saliency of contenfjhefocus in the earlytages of interaction with PLISs is further
detailed in Chapters 5, 6 andThe model was alsosed as a framework in summarizing the lessons
learnedand findingsin this thesis irChapter o further demonstrate its evaluative capability

3.8 Chapter Summary

In this chapter, | have presented the DISCOVER interaction model developed to help clarify the
unique design considerations of PLISs. The model identifiessatates stages of interaction with the
system using user states, which are connected by transitions facilitated by the interface design.
DISCOVER is designed as a mfitiol to inspire, guide, and facilitate further research and design of
PLISs. The follaving chapters illustrate how the model was used for this purpose, particularly
towards the early stages of interaction, where an unknowing passerby is transitioned into a notified,

intrigued, and exploring user.

10 An example of the DISCOVER interaction model being used as a framework to analyze study data for menu
discoverability can be foud in(Seto, 2012, pp. 3%1).
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Chapter 4
A Laborbaatsoerdy St udy Medibledali gy e At tr ac:

PowerPuobfl i ¢ Large | ntseractive Sur:

This chapter together with the subsequent three chapters, constitute Steps 2 and 3 of my thesis
researchllustrated inFigure1-3. The primary focus of this chaptertise methodologyevelopednd

employedto studyPublic Large Interactive SurfacdBL(S9 in a laboratory environment

This methodology was developed in collaboration with mygugeervisor Dr. Stacey Scott, angs
published in the ACM Internationdbint Conference orPervasive and Ubiquitous Computing 2015
(Cheung & Scott, 2015awhere Ico-authored and presented the papéris chapter uses, with

permission, some of the figures and descriptions from this paper.

4.1 Motivation of the Laboratory-based Study Methodology

McGrath (1984) described the collection of research evidenceasfist r at egi ¢ i | e mmao
which it was not possible to simultaneously maximize all three aspects of the evidence:
generalizability precision and realism The author demonstrated this struggle dategorizing

research strategies into eight types, and listing the-ofislénvolved.

B

Laboratory | Experimental
experiments| simulations

I. Settings in natural systems

Il. Contrived and created settings

11l. Behaviour not setting dependent

IV. No observation of behaviour required

Judgement
studies ]

Field
experiments

Sample
survey

A. Point of maximum concern with
generality over actors

B. Point of maximum concern with

Cc precision measurement of behaviour

C. Point of maximum concern with
system character of context

Field studies

Formal Computer
theory simulations

Figure 4-1. A redraw of Mc Gr at hés ci r cumpl e x. Thefspatialeralaticns
emphasize the dilemmavhere simultaneously maximizing all three aspects of research eviden
(A: generalizability over population, B: precision in control and measurement of behaviour, C
realism of context) is not possible. Increasing any one of these desired features alsaioed the
other two, resulting in different limitations and flaws in any particular research strategy.
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The inthe-wild study methodologies mentioned@hapterZzor r espond t o t he Afi el
and dfi el dnisRigurddileAs pointechoatwMcGrath, mth inthewild and laboratory
study methodol ogies have their merits in allowi:rt
aspects. Depending on thesearch questions being askaad the implementatiooompletenessf

the systemresearchers can choose between these twdtey bealuate the system design.

IN-THE-WILD TRADE-OFFS LABORATORY
DEPLOYMENTS EXPERIMENTS

* Architected
environment, user
recruitment

+  As-is environment,
ad-hoc users

+  Opfional on-site

) ) + Interviews/surveys
interviews/surveys

expected

* Requires robust, « Can be used for
functional system Development Effort pilot or prototypes

Figure 4-2. Comparison between irthe-wild and laboratory study methodologies In-the-wild
studies and experimentgdeployments)possess digher realism usingreal users, with the cost
of lower control of the study, and more development effort to ensure a working system.

Figure 4-2 summarize three prominentradeoffs, namely, realism control, and development
effort, between irthewild and laboratory study methodglies. Being conducted in the target
location, inthe-wild field studies and experiments are high inlissa, butprovidelittle control over
the environment. They also require more development effort datthactivesurfacesystemhas to
be functionaland robust to atioc uses likely throughout theentire day. On the other hand,
laboratory studiehave fewerrequiremerg on the functionalit and robustness of tr®ystem and
therefore suitable for evaltians of early prototypes. Laboratostudies als gain precision and
control by following a standard set of procedures dmihg conducted within a controlled
environment with a caveat of loweregkalism of the results. Moreover, the conventional laboratory

study methodology informs the participant®abthe purpose of the study, and hence would not be
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applicable in scenarios where participants6é know
Unknowingstate described ithe DISCOVER interaction modeExperimental deceptiofor simply,

deception, can be used to mitigate this shortcoming, as elaborated in the next section.

Section4.2 describes thdackground and details of tispecial experimental deception developed

in this methodology to achieve the followipgpperties
1 To maintain realism of the study, and allow evaluation for early stages of interaction
1 To require less setup time and effort for the study, comparedhe-ild methodologies

9 To provide high control of environment and precision in results

4.2 Use of Deception

The need to use deception in a study typically
research participants are not aware of what aspect ofgl®iy c hol ogy i s being studi
(Bortolotti & Mameli, 2006, p. 26Q)and is carried out by withholding the true purpose of (or part of)

the study from participants. While its morality has been substantiallytetbbdeception does offer

some benefits that are not only valued by researchers, but also by partifijaigensen, 1988)

The codes of ethics of the American Psychological Associg20a0) the British Psychological

Sodety (2009) and the Canadian T@ouncil Policy Statemen(2014) permit the use of deceptive

method, provided that the experimefulfill a number of criteria.The notable ones are to allow

participants to withdraw from the study at any time, and to debrief them with all relevant information

about the true nature of the experiment when it is sensible to ®ekded work in usingeception

in research studias discusseth Section2.5.

4.2.1 Applying Deception to the Laboratory Study

The key idea of the deceptiased in this methodologg to omit any mention of theurfacebeing
evaluated and createa consistent scenario across participalttss achieved by framing the task
under a relevant setup in which participants are led to believe it is the primary (and only) purpose of

the study.To the participantshe study (deceptiostudy)appears tde aonefactor withinparticipant
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experiment, where each participant completes two codalanced conditiod$ In actuality, each
participant is assigned to only one of the actual study conditions. The decision raj hasti one
condition is based on th@onsideration thagxposure to multiple conditions may take too long and
raise suspicions about the true nature of the study. This decision also avoids learning effects across
conditions. The mixedtudy format is showin Table4-1.

Table 4-1. Mixed study design format of the methodology The deception task is set as a

counter-balanced onefactor within -participant study. In actuality it is a two-factor between
participant study.

*In this example two factors are being studied, hence a twiactor betweenparticipant study.

One-factor within -participant design for deception study

Deception task Deceptiontask

(Condition A) (Condition B)

Control Condition 1A Condition 1B

Two-factor betweent Factor 1 Condition 2A Condition 2B
participant design _ _

for actual study* Factor 2 Condition 3A Condition 3B

Factors 1&2 Condition 4A Condition 4B

To provide flexibility to thedeception task to better simulate a desired scenario, and to keep the
participants from discovering the deception prematurely, four criteria of choosing the deception task
are established:

Cl.Believability i Being a believable task which participants are already familiar with, and

have experience in carrying out in a public setting,
C2.Competitivenessi Requires a certain degree of attention to compete with the surface,
C3.Movementi Includes a movement componeatsimulate passingy behaviour, and

C4.Surface Visibility 7 Participants should have opportunities to look around in the

environment by having the surface in their line of sight occasionally.

As the goal of the deception task is to emulate the type ofahatistractions that may be present

in a realistic public setting, théeception tasklesigned using the above criteria will hgparallels

1 The decision of using a offactor within-participant experiment as the deception study is due to the fact that
it is one of the most generic approaches for an observational study. It is therefore possible to use other
approachs as the researcher sees fit.
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with fAdistractiond or NAsecondaryo t anekuptionssed i n
(e.g., Adamczyk & Bailey, 2004; Cutrell et al., 20@&hsangohar et al., 2014jowever, it possesses

several key differences to those distraction tasks in terms of usage. First, in previousrstoldies

idi stracti onod oparticipante everan aveaysyirdormedac kosh the primary and
distraction tasks. Second, in those studies participants were required to actively engage with the
distraction task, for example, to answen-scre@ questions during the tasks. Tihyeal of the

deception task here is to make participants belibat the degsion task is theprimary, and only,

task they are engaging with duritige study. From the researché s per specti ve, t he
serves as a typical distraction that may exist in a real wotidgetand may prevent the surfafcem

capturing (andiltimately holding) passso y 6 s att enti on.

4.3 Phases of the Methodology

The methodology can be broken down into four phagegeparation Deception Reveal and

Analysis The Preparation phase is performed once before the study; Dleeeptionand Reveal

phases are performed for each participant; anditiadysisphase is performed once after the study.

In the remainder of this chapter, Adi splayo is
consistent naming convention in the Appendices used fataidy methodology.

+ Design deception task
+ Set up equipment

Enter Leave Debrief,

room room Allow withdraw Thanked

Intro.

Q Q Q

» Tools

Figure 4-3. Four phases of the laboratorybasedstudy methodology. Preparation (performed
once before study), Deception, Reveal (performed in tandem with the Deception phase for e¢
part i ci pant), and Analysis (performed once
guestionnaire.
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4.3.1 Preparation Phase

In the Preparation phagbge researchatesigrs the deception task used for the stighyfollowing the

four criteria listed in Sectiod.2.1 and recruis participants using the designed deception.table
description of this deception tasidongwith the actual study purpose, is thercluded in the ethics
application, as required by the research institu(ieee Appendix A for reference, actual format
depends on institution regulatipnThe researcher also implemeat prototype that functions as the
interface of a PLISncorporating the design concepts that are being evaluated. Since it is a prototype,
it is possibé to implement onlyhe pars of the aplication software relevant to the design concepts

(e.g.,the attention drawing parforthis thesis)instead of a complete system.

To further strengthen the deception task, the venue of the study (e.g., the experimental room for
this thesis) has to bdesigned to exhibit features of the scenario described in the deception task. For

example, labels as signage, and multiple surfaces as additional distraction.

4.3.2 Deception Phase

The Deception phase begins when a participhatvs ugfor the study The partigbant is first briefed

with the deception task, including the fabricated motivation and procedures. After filling in a
demographic questionnaire (designed to reinforce the deception sesk\ppendix A.6 as an
exampl@, the participant ised to the experimental room with one of the displays already running the
prototype and the rest of the displays showing the control condition. The room is described as a
multi-purpose research space with several-gwing studies setip so the participant would feel
comfortable with the surrounding displays, and more importantly, not question their presence. At no
point are these dplays introduced or set uptine presence of thaarticipant. he deception tasis

then completednder the countdralanced condition&onditions A and B iTable4-1).

Before the study, the researclassigis one of the actual conditio{€ontrol, Factor 1, Factor 2,
and Factor 1&2 inTable 4-1) to the participant, and seup the displays accordingly. During the
deception task, the researchmovides instructions related to the task, while observing how the
participant responds to the factor(s) being manipulateel digplays are never mentioned.

Upon finishing the deception taske participant is led out of the experimental room and asked to
complete a postession questionnaire. The questionnaire is designed to first ask questions closely
related to the deceptidiask, and then begins to probe for impressions of the suirgsidrhese

guestions are designedth close and operended questionbased on the transitions descriiad
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DISCOVER for example, whether the participant noticed the content on the disptal/svhat they
think they can do with the displaysee AppendiA.7 as an examp)e

4.3.3 Reveal Phase

After the postsession questionnaire is completed, the researabks the participant probing

guestions to see if they have any suspicions about the study. Then, the researcher reveals its real
purpose, and explains why this purpose is not provided in the beginning. Here the participant can
decide if they wish to withdw from the study, or wish the researcher to proceed with the remainder

of the study. They are also provided with contacts of counselling services, to whom they can contact
directly if they feel uncomfortable in any way. These steps are required as pernthev er si t y 6 s

research ethics policies on use of deception in research studies.

Finally, a second postxperiment questionnaire with more elaborate questions about the displays is
given to the participant to further elicit their perception towards thdagisfseeAppendixA.10 as
an example Upon finishing, the participant is thanked, paid (as promised in the recruitment process
and regardless of whether thegmpletethe entire study or withdraw at any point during the study
and asked to not share their experience, or disclose the real purpose of the study to anyone.

4.3.4 Analysis Phase

The use of a laboratory experimental setup allows collection of data fronoltbeifig sources:
video (and audio) recordings, researcher notes, and questionnaire answers. These sources of data can

then be analyzed qualitatively and quantitatively.

Analytical tools canbe used to evaluate the datgenerate resultsand establish dam
implications. For qualitative data, tools such as Affinity Diagramn(ihgBeyer & Holtzblatt, 1999)
Grounded Theory and Coding(Strauss & Corbin, 1998)an be used teevealusage patterns and
recurring behaviours. For quantitative data, various statistical analysis (&gls Analysis of

Variance ANOVA)can be used to extraaghderlyingrelationships between data points.

4.4 Methodology Effectiveness

A pilot (Chapter % and a improved study (Chager 6 were conductedo both evaluate this

methodology and investigate the effectigss of potential design concefur increasing engagement

with a surface Regarding the methodology effectiems, both studies indicated thihe deception

taskhadsuccessful v kept t he shidded from $hé pattigipangsvhqgromplptedshe
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deception task without signs of suspicion. After being explained to with the motivation behind the
study, noparticipant expressed concern about the deception involved. Most participants were also
able to recall the setup of the experimental room, elaboreteeir answers, and provide suggestions

(for the deception task during tBeeceptionphase, and for tHarge surfaceluring theRevealphase).

As expected, the entire study took significantly less time and effort to setup compared to a full field
deployment (weeks instead of months). First, the administrative effort of gaining access and
permission to setuiie large surface in a public setting was not necessary. Second, the physical effort
of relocating surface hardware was not necessary. This was a significant benefit, -fsriaage
surfaces, such as the front projected 318@mgonal screen installed the experimental room for the
study, were not trivial to safely and securely install in a public setting. As the large surface equipment
was stationary and already available in the experimental room, safety, privacy, and legal concerns
were minimized, wtdh also led to a shorter turnaround time for institutional ethics approval than
previous experiences in gaining approval for similar field studies. Finally, the methodology allowed
focus on the early stages of interaction, eliminating the need for a delpplebust and working

system, as would be expected by users in a public setting.

As typical of a laboratory setting, significant control over the study was maintained. It was possible
to have multiple sources of data, and ways to collect them. It waspalsible to control which

condition to experiment with, and apply the same scenarios repeatedly for each participant.

4.5 Chapter Summary

In this chapterl have presented the phases involved in the methodology developed to evaluate the
effectiveness of interface designs in dwawing p
PLIS systemWhile thismethodology is open fany number of potential desigorepts (as factors

in the betweeparticipantstudy), this thesis evaluatado visual concepts, which we carefully

choserfrom prior research so the findings coldd compared. Results from these studies were found

to be consistent with reported find from field studies of the design concepts, suggesting that the
methodology effectively emulated relevanttiewild conditions for a public context. The results

also provided aditional insights (e.g., direct feedbafthm users about theperceptiongowardsthe

sufacé s i nteractivity) that wer e Thesk findingsfremousngav ai | a

this methodologywill be discussed in detail in the following chapteZhigpter landChapter .
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Chapter 5
Pil ot Study of Ani mated Content

This chapter describes the experimental setup and procedures for the pilot study that employed the
methodology detailed in the previous chapter, followgd discussion of the results from the study.

The two main goals of the pilot study were: 1) to provide a pobabncept to the proposed
methodology in terms of the setup and procedures, allowing the evaluation of its feasibility and
aspects for improvaent, and 2) to evaluate a number of potential animated content concepts for the
more promising ones to be used in the next iteration of the study.

This study was conducted in collaboration with mysopervisor Dr. Stacey Scott, and was
published in the &M International Joint Conference on Pervasive and Ubiquitous Computing 2015
(Cheung & Scott, 2015avhere | ceauthored and presented the pgperd in the ACM International
Conference on Interactive Tabletops and Surfaces ZGhéung, 2014)where | authored and

presented the papédrhis chapter uses, with permission, some aof tiguresand descriptions

5.1 Experimental Setup

This section describes the steps taken to set up the pilot shedgréparationphasé as definedn
Section 4.3 Specifically, tle design of the deception task, atiet pdential animated content

concepts being evaluated.

5.1.1 The Deception Task

The deception task was designed and advertised under thé disgu of a study titled |
with Onthego Mo bi |l e Applicationso, aiming at investiga

settings) usage was affected when a person was walking, and was described as follow:

fiféan obser vat i ofieeeht omhego dngbilecscenahos affectthe
usage of typical tasks (e.g., |l ooking up info
own portable device (e.g., a smartphone, a tablet), particularly when the user is

moving as opposed to remaining stationary. o

The two countebalanced conditions wekeith andwithoutu si ng apps on the partic

device. During each condition the participant was asked to walk between labeled points in the

88



experimental room, and in theith-condition asked to use rmumber of apps during the walking
sequence. This task was chosen because it satisfied all the four criteria established:
C1. Believability i Use of mobile app in a public setting is commonly seen nowadays,
C2. Competitioni Using an app requires attention to tlevide,
C3. Movementi Participants were asked to walk between labels, and
C4. Surface Visibility T Walking instructions, in the form of destination label points, were
provided as the task proceeded. The destination label points were selected so that the
routes involved covered all the possible directions a passerby could take in relation to the

surfece (i.e., away, towards, across).

Inactuality, hi s study focused on measuring the effect

attention to a lege surfacewhile carrying out thedeception taskas achieved byanimating the
displayed conteidt saliercy (speed and/or contrdstThe studyformat issummarized iTable5-1.
Table 5-1. Mixed study design format of thepilot study. The deception task was set as a

counter-balanced onefactor within -participant study of mobile app usage. In actuality it was a
betweenparticipant study of animated (adaptive) content speed and/or contrast.

Mobile App Usage Study
(Deceptionstudy)
Using apps Not using apps
(Condition A) (Condition B)
Control Condition 1A Condition 1B
Study on Adaptive speed Condition 2A Condition 2B
effectiveness of i _ _
animating saliency Adaptive contrast Condition 3A Condition 3B
(Actual study) :
Adaptive speed & Condition 4A Condition 4B
contrast

Documentations included e ethics applicatiofor this study can be found #ppendix A One
notable difference from typical ethics application for studme®Iving human participantaas the
inclusion of the fAUs additohal sBotian e/gs required,daghs beginning n .
of the study its real purpose was withheld from the participant. A strict protocol of revealing the

deception and racquiring consent afterwards walsoincluded n the ethics application
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5.1.2 Potential Animated Content Concepts Evaluated

Thi s pilot study evaluated the effectiveness of dr
concepts,speedand contrast both based on animating the salier
proximity towards the large surface as a parameter.

Drawing o previous literaturén attention(presented in Sectiop.6.), two visual stimuli,speed
and contrast of the displayed content, were used as the bettprealieny attributes for their
generalizability across various types of contémgpirational quotes in theppearance of virtual Pest
it notes, were used as contestevant content, for their familiarityThe proximity dependent
animation of the visual stimuli was inspired by the proxemics model proposed by Marquardt and
Greenberg2012) where interaction mechanisms adapt to the proximity of the user to the system
Here only the first three of the four proxemics distance zones in the order of decreasing proximity
(Public, Social Personaj Intimate were usedlue to their relevance to the early stages of interaction.
Referring to the actual study rable5-1, the Adaptive Speedondition was designed as decreasing
the speed of the virtual Pastnotes in a stepwismanneras the participant vikeed closer to the large
surface with the intent of making the content easier to see and interact with at lower speeds.
Similarly, the Adaptive Contrastcondition was designed as increasing the contrast against the
background in a stepwiseanner To highlight the changehe large surfee was divided horizontally
into three even gridso the changenly appeagdin the grid closest to the participant. More details
of the prototype can be found in the next section.

5.1.3 Prototype and Experimental Room Setup

As one of the aforementionede t hodol ogyds advantages, a prototype
application software relevant to the design concepts was developed, saving much development time

and effort. Institutional ethics clearance was also granted in a relative short timewadks) as the

study was designed very similar to a typical laboratory study.

90



Equipment from Eﬂw
another experiment

Figure 5-1. Laboratory setup of the prototype in the pilot study Surface Obi
surface, sur f ac ¢hse additodal small durfates dor distactieon. Labels were

attached to the ceiling to navigate participants. A camcorder was installed at the left corner t
record the deception task.

a) The small surf b) Thel arge surface 6bd ar
the university. inspirational quotes as virtual Pashotes.

Figure 5-2. Content shown in the small and large surfaces during the pilot study

Figure5-1 shows the setup in the pilot studyhree active surfasewere used in the pilot study: a
178cmdiagonalsmall surfaced a @315cm-diagonallarge surfaced b @nd a 59cndiagonal small
surface6 c¢ Both the small surfaset®d and &b were used as distractiossd did not respond to
part i cpropnaitpn Alldugh | abel |l ed as a d@dadmawhs sadbgoabdel
enoughto be conglered as a large surfasea public setting, andias used as a competing surface
against the large surfaéebsiBbowing adifferent set of content (phataf the university, as opposed to
the inspiratioal quotes as virtual Po#it notes as ilustrated inFigure 5-2). One Hitachi CP
AW251N ultrashortthrow projector was used to projeitte content to the small surfacea 6 a't
1280x800 pixel resolutigriwo projectorsof the same modeVere used together to projebe content
to the large surfacé b6 at a 25 6l@icnd e smalliswfack c 6 awn@nitor at a

1920x1080 resolutiormable5-2 summarizes the equipment usedhiapilot study.
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Table 5-2. A summary of the equipment used in the pilot study Additional surfaces and
equipment were added to facilitatehe deception task, and the comparative study nature.

Equipment

Placement

Purpose

A

178cm (70inch) di

1 Content displayed by a Hitachi €P
AW251N ultrashortthrow
projector, at 1280x800 pixel
resolution

91 Application running in &Vindows 7
machine, written in Processing

On the left of the
experimental roorm

As a surface competing for attention,
showing a set of

A 315cm (124inch) d
1 Content displayed by 2 Hitachi €P As the large surface under study, show
AW251N ultra-shortthrow In the middle of inspirational not e
projectors, at 2560x800 pixel the experimental | was contrded according to the
resolution room experiment conditions assigned to the
1 Application running in a Windows session
machine, written in Processing
A 59cm (23inch) dia

1 Content displayed by a DELL
S2340T touchscreen monitor (touc
capability was not used), at
1928x1080 pixel resolution

1 Application running in a\ndroid
iStick device, written in Processing

At the front right
corner of the
experimental roorm

As a surface competing for attention,
showing the same set of inspirational
notes as in | arge

A web-cam connected to a Windows 7
computer in anothreroom

At the back of the
experimental roorm

To provide another experimenter with a
live feed of the position of the participar
used as part of the Wizard of Oz
approach

A vertical board with a static pattern used il
another experiment

At the back of the
experimental roorm

As a surface competing for attention, ar
reinforcing the deception task

A Sony highdefinition camcorder

At the back left
corner of the
experimental roorm

To record the videos and audios during
the session

Nine labels with alphabets # |, arranged in
a grid formation

At the ceiling of
the experimental
room

As navigation points for the participants|
to walk between, without the need to usg
the surfaces as references

In addition b the surfacg, avertical board was positioned at thack of the experimental room. It
was intentionally left there to promote the idea of the mputpose experimental room (equipment
from another experimengo participants would not ask about the equipent s p, @ardiag anc s

extra distraction artifacThe labels at the ceiling were used to instruct participants to navigate inside
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the experimental room witlub any mentioning of the surfageand to mimic headsgp direction
signage in publiplaces A camcorder wagositioned at the back of the experinted room to record
the navigation performed by the participants. At the otloener (not show in Figure 5-1) was a

small chair and desk for tlesearchr to take notes and instruct the participants where to walk.

5.2 Execution of the Pilot Study

To further reduce development time for the prototype, a Wizard of Oz appieate et al., 2002)

was used to simulate the proximigrsing capability of a large interactive surfasbich wadn turn

used to control the speed and contrast of the coatésrge surface b This appoach was achieved

by installing a wektam (shown as part of the equipment from another experiment) at the back of the
experimental room, through whichresearch assistaint another rooomoni t ored t he part

position andemotely contrded the sped and contrast of the content.

Display in the middle (Large Display)

Display on the left (Small Display)

(1031uowi) 3y311 ay3 uo Aejdsig

Away from Large Display Across Large Display Towards Large Display

Figure 5-3. Floor plan of the experimental roomin the pilot study. Labels were attached to the
ceiling to not interfere with movements and made the participant look up fordestinations,
therefore having the displays* in their line of sight occasionally. Arrows in the figure indicates
the paths taken by the participant, including away from, across, and towards the large display.

*The word Adi spl ayo iesd utsoe dr einmasitne acdo nosfi sfi ¢
used in the study questionnaires.
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Figure5-3 shows the placement of the labels used to navigate theipamnts during the deception
task. Navigation instructions were given as-st@p routes (e.g., from A to E), or tvgtop routes
(e.g., from A to G, then G to H). These routes were designed to cover all possible movement
directiors in relation to the lary surface(i.e., towards, away from, and acrosEpch route was
presentedafter the other was completed, verbally by tbsearchr. The vertical positioning of &
labels (from the large surfate the back of the roontyeatedthree proxemics zonesgith boundaries
at approximately 1 metre and In&tre away from the large surfag®rresponding to the persan

social and public zondsom the proxemics model

Three sets of questionnasrerere provided to each participaatit various timess shown irFigure
4-3: a demographic questionnaire before the session to reinforce the deception taslsesspmst
guestionnaire with probing questions about impressionkeoktirroundings, and a pastperiment
qguestionnaire after revealing the deception for further input from the participant. Detdfie of
guestions can be found AppendicesA.6, A.7, andA.10.

The pilot study was conducted in March 2014 for one week with 16 participants (10 males and 6
females) recruited from the University of Waterloo. All the participants completed bditetsetion

andReveabhases, in less than an hour each.

5.3 Findings from the Pilot Study

Statistical analysis (Analysis of Variance ANOVA) was used to evaluate the effectiveness of the

ani mated saliency (adaptive spe dahtotheldrgeswface,r ast ) i
and no significant results were found from the questionnaire answers. This was believed to be caused

by the low number of participants (four for each condition); and the saliency being too subtle to

notice, as reflected in the awer s from the questionnaires. Never

feedback and isession observation, some key findings were summarized as follow:

1 KF1: None of the participants suspected the undertaken task was a deception task. Some

even believed thahe surfaces were used to simulate traffic or roadside buildings.

1 KF2: After being explained to with the motivation behind the study, no participant

expressed concern or discomfort about the deception involved.

1 KF3: After being led out of the experimentabm to answer the pesession and post
experiment questionnaires, most participants were able to recall the setup, elaborate on
their answers, and provide suggestions on what can be improved in attention drawing.
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1 KF4: While believable, the deception taskusing mobile apps required too much
attention from participants during the walking sequence, providing little opportunity to
look around the environment. The labels were also too strmgliaird for participants to

glance quickly and walk without loglg, which was less likely in a realistic public space.

1 KF5: The virtual Posit notes drew little attention beyond being recognized with some
guotes on them, especially when compared to the-blpsentrol surface (small surface
6ab6) showi egnivggsityot os of t h

1 KF6: The adaptive speed change (slowing down when a user was close) and contrast
change (higher contrast when a use was close) were generally too subtle to notice and, thus

did not evoke a feeling of interactivity.

Another interesting findingvas that most participants did not consider any of the surfaces to be
i nteracti ve. However, a few of them thought t h
di spl ayed the same content as the | argteersurfac

familiarity with prevalent consumer touchscreen monitors.

5.4 Chapter Summary

In this chapter, | havepresented details of the pilot study using the labordiaged study
methodology described @hapter 4 As mentioned in the beginning of this chapter, the goals of this
pilot study were to provide a proof-concept to the proposed methodology, and to suggest
promising animated content concepts for the riexation of the study. It served its purpose by
providing some key findings, which were used as guidelineséxaeining and improving the study

design, as described in the next chapter.
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Chapter 6

| mpr oStewdldy of Ani mated Content and Sha

This chapter describes the experimental setup and procedures for the improved study based on the
pilot study detailed in Chapter 5, and discusses results from the study. This study had a similar focus
as the pilot study, but also added the use of shadowliziations based on existing research to the
evaluation. A comparison of the results between this study and that from existing ones is made to
demonstrate the usefulness of the methodology.

This study was conducted in collaboration with mysapervisor Dr Stacey Scott, and was
published in the ACM International Conference on Interactive Tabletops and Surfac§S€B8abg
& Scott, 2015b) where | ceauthored and presented the pafdris chapter uses, with permission,
some of the figures and descriptidngm thispaper.

6.1 Proxemic Interactions Design Approach

Advances in sensing technologies havalbded interactive systems to be mgerceptive to the
environment and providiner responses to their users. For example, depth sensors (e.g., Microsoft
Kinect) can be used to track user movements and respond itimedk.g., Miller et al., 2014,
2012) With a more elaborate tracking setup, richer information such as distance, orientation, identity
and location can be obtainéBlarquardt, 2011)thus providing even finer responses tailored to the

current user and sittian.

6.11Hal |l 6s Theory of Proxemics

The termproxemicswas coined by Hal(1966) a cultural anthropologistn describing the use of
spacem interpersonal communicatiofihe proxemics theag correlates four proxemics zondzuplic,

Social Personaj Intimate to decreasing levels of proximity, each defined by a distance range (see
Figure6-1). This theory was originally used to describe hdigtance between people impactkdr
behaviour, but could be extended to how a person organizes thei(ldpic&963)
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- - Intimate (0.5m) _ — —

Personal (1.2m)

Social (3m)
Public (3m+)

Figure6-1. An il lustrati on of(HaHld966) describing the use/of spdc
in interpersonal communication. Four proxemics zones are defined by the distance from tt
person, leading to different social behaviour towards others.

Marquardt and Greenbern@012) proposed associating dfrich tracking information with the
proxemicstheory, and applied this combination to the interaction dialog betaedaces and users
that resembledommon proxemics social norms. Under ghiexemicinteractionsdesign approach,
contents of an interactive system adapt to changes in the sensed information (e.g., reveal more details
as the user walks closer). This approach has received growingsinterm the interactive surface
community |l ooking into increasing a systemos
Proxemic Peddle(Wang et al., 2012) or to facilitate more sophisticatend nuanced interaction
forms that build on familiar social batiour (e.g., crosdevice information transfefMarquardt et
al., 2012) presentation content manipulatighucero et al., 2009)and notification management
(Vogel & Balakrishnan, 2004) A defining feature of this design approach is to provide different
feedbackt ypi cally visual, i n r el aurfaceusingteither discete us er 6
di st an c €e.g.iBrignnlle&sRigers, 2003; Lucero et al., 2009; Streitzl.et2@03; Vogel &
Balakrishnan, 2004)pr continuous distances to drive feedback cha(eggs Wang et al., 2012)

97

k



6.1.2 Applying the Proxemic Interactions Design Approach in the Improved Study

After balancing between fidelity of sensed information and effort of equipment setup, proximity (to
the surface) was used as the sole proxemics information for determining the degree of visual effects
applied to visual stimuli in the improved study; insteafd other proxemics information (e.qg.
orientation) that would require more elaborate setup. Specifically, the proxemics information was
used to control two types of motion changes of content, naradigptive speedind adaptive
trajectory. In addition, ory the first three proxemics zone3ublic, Social Persona) were used for

their relevance to the early stages of interaction with PLISs.

Also, learning from the findings in the pilot study (KF6 in the previous chapter) where speed and
contrast changes were too subtle to noftogas decided to only keep the adaptive content speed and
increase the degree of change by adapting contentttaje(direction of movement). It was also
decided to incorporaten addtional visual stimuli using ahadowvisualizationof the participan{an
abstract, white silhouette resembling the body shape of the participaktgse6-6 as an example)
into the improved studykigure 6-2 shows how thespeed, trajectoryand shadow we related the
usero6s prowfacemi ty to the
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Affected content area (green shaded regions,
darker shading indicates stronger effect)

/ \
I - L I
1 z- \\. g- \. A \ X :
= "2 2 F
I X I
| I
Condition 1 Condition 2 Condition 3
(Speed change) (speed change + (trajectory change +

shadow) shadow)

Figure 6-2. Application of the proxemic interactions design approach to the studied interface
Zone 1 (closest to large surface, shaded darkest) applies the strongest visual effect. Zor
(furthest from large surface, not shaded) applies no effect. Effects are only applied to the gr
section on the large surface closest to the user. Parts a,and c represent the effects in Zone :
and the middle grid. In Conditions 1 & 2, images within the grid section move much slowe
than elsewhere (a & b). In Conditions 2 & 3, a shadow with high contrast is shown (b & c). |
Condition 3, images change trajeary towards the shadow (c & f)in relation to an invisible

circular region around the head of the shadow a i ))with spéeds proportional to their own
distances from the region Parts d, e, and f show the more moderate effects applied in Zone 2.
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6.1.2.1 Studied Visual Concept 1: Adaptive Speed

In adaptive speed, speed of content (images) decreased in a stapnisaas the user walked closer

to thesurface and crossed from zone to zdispecific speed values used in the study can be found in
Appendix D. This relation between speed and proximity was based on the rationale of providing
users with enough time to look at and interact wfith content when theyvere within touching
distance tahe surface similar to the Proxemic Peddler systé¢Wang et al., 2012)The stepwise
(instead of continuous)hange in speed was based on the findings from cognition literature stating

that jerky contenmotions are more effective in capturing atten{ianny & von Mihlenen, 2011)

6.1.2.2 Studied Visual Concept 2: Adaptive Trajectory

In adaptive trajectory, content (imageagravitated towards the user as they walked closer to the
surface. Similar to adaptive speed, this change was triggered by the user crossing from zone to zone,
and became more apparent at the zone closest to the surface. In contrast to the stepvwsisdrdecrea
speed in adaptive speed, howeuwsyp modes of trajectory changes were used in relatiomto a
invisible circular region( a A haeolind the projected position of the user: at Zone 2, a more
moderae effect wherghe images changatieir directiontowards the user and then kept the same
speed as they passed through the region; and at Zone 1, a stronger effect where the images changed
their direction towards the user and then followed the user at the boundary of the region. In both
cases, the speed svahanged in proportion to the distance between the corresponding image and its

designated position (centre of the region at Zone 2, boundary of the region at Zone 1).

A

6.1.23St udi ed Vi sual Concept 3: Participantés Shadow

In adaptive shadowg silhouette of thaiserwas projected as part of the interface, as ifuberwas

casting a shadow on theurface Miller et al. (2012) used a similar technique to increase the

attraction power of theurfaceand communicate itmteractivity (therefore haing the potential to

address KF6 where interactivity was not well perceivdd) this study, however, proxersic

information was used to determine the contrast of the shadow: the closer thasieethesurface

the higherin contrast of the shado(wepresented byhes h a d o w6 s  tcontnoouglyamaged c y

in relation toproximity, specificalpha valuesised in the study can be foundAppendix D. This

desgn repurposed the use of contrast to a single b

t han an i mage), and used the contrast to promote
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6.2 Experimental Setup and Execution

The improved study used a simiktructure as the pilot study, except a few modifications in effort to

address some of the key findings from the pilot study.

To address KF4 (deception task requiring too much attention, labels being too -Strarigindl),
the Mobile App Use task was repéat with a Navigation task using a mobile device, where
participants were provided with walking instructions visually on the mobile device (Condition A), or

verbally by the researcher (Condition B). The task description was thus advertised as:

i € an o lpsaestudyan how different forms of navigating instructions affect
the way a person arrives at a destination ét

whil e being provided with navigating instruc

Also, the labels that were iginally attached to the ceiling were instead presented in a grid format
(A-B-C in one direction, -2-3 in the other), as shown Kigure 6-3. Instructons were given to the
participants as either orstep routes (e.g., from C1 to Al) or tstep routes (e.g., from Al to A3,
then A3 to C3)as shown ifFigure6-4. With these changehe task still fulfilledall four established
criteria of a deception task, and increased the likelihood of the content surfidies being seen

Tracking
sensor

Figure 6-3. Laboratory setup for the improved study designLabels were attached to the walls
to better simulate signage, with a grid layout for a less straighfiorward navigation. A Microsoft
Kinect was used at the back of the room to capture the silhouette of the participargnd
measure depth, replacing the Wizareof-Oz approach used in the pilot study.

The distance between the participant and the | :
sensing camera (Microsoft Kinect), replacing the Wizarz approach used the pilot study. The
depth data from the camera was also used to gene
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To address KF5 (content as Ritshotes drew little attention), all surfaces were set to show a
unified set of photos of the university, withthesnsall r f ace &éad as the control
(content floating and bouncing off edges at <const

monitor (small surface 6cb6) was removed to avoid

Large Display (the middle board on the wall)

I e B T—-——-
e el | il AN A
: I 1 I :
o o s TR ol i o
: | I :
| N -
v_____l____..______l__.}. B

Small Display (the left board on the wall)

i L.V
I I
..... I B
R i > -
1 2 3)
................ > —_————) —_— i

Away from Large Display Across Large Display Towards Large Display! Door

Figure 6-4. Floor plan of the experimental room in the improved study Labels were attached to
the walls as a less straightforward grid to navigate. Arrows in the figure indicates the paths
taken by the participant, including away from, across, and towards the large display(Only 15

of the 21 paths are showtere, the full list of paths can be found in AppendixB.4).

*Theword Aidi splayo is used instead of fAsurf ac
used in the study questionnaires.
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By using the smakurface6 a 6 a s

were reduced from four to threeeésTable6-1).

Table 6-1. Improved study design. The deception task was set to walking with the navigation
instructions provided verbally (by the researcher) or visually (on a mobile device). The small

t h e ongctlee mumber &f withbipantidipantdonditions

sufface6a 6 was used as a contr ol al | condi ti
Navigation Study
(Deception study)
Verbal (Condition A) Visual (Condition B)
Adaptive speed - .
(Condition 1) Condition 1A Condition 1B
Study on
effectiveness of Adaptive speed &
animated content shadow Condition 2A Condition 2B
and shadow (Condition2)
(\g\iltjj QIZ:.:L%I’]S) Adaptive trajectory &
y shadow Condition 3A Condition 3B

(Condition 3)

The same proceduregere used am the pilot study, except the questionnaires were modified to
reflect the new navigation deceptidlask, with one additional question in the postession
guestionnaire asking specifically if the participant noticed whethesutiaceresponded to them (and
in what way). A conditiorspecific questionnaire was also added after the -g@qstriment
guestionnaire to further elicit any feedback omoaents about theurface (see AppendiB.10 for

ons

full details of the questionnaires). All the questionnaires were still presented outside the experimental

room so participants had to recall what they experienced.

6.3 Data Collection and Analysis

The improved widy took place at the University of Waterloo in September 2014 for two weeks,

where 30 participants were recruited (21 males, 9 females). Data were collected from the

guestionnaires,

researchero6s

not es,

a tteshtionv i

deo

drawing by keeping the two deception conditions (verbal and visual) separated, so as to provide a

clearer picture of the results and illustrate two possible scenarios: a passerby loosely focused on the

surrounding environment (while listening foavigation instructions, hence verbal), and a passerby

heavily focused on a separate object (the mobile device for navigation instructions, here visua

103



To analyze the effectiveness of visual concepts against the control condition (theusfaaHd a, 6 )
repeated measures Analysis of Variance (ANO¥#9sts were applied on the collected Likscale
responses within participants. To compare the visual concepts against each othey aiNOVA
tests on the Likerscale responses across participants waslucted. The opeanded questionnaire

responses and video recordings were reviewed for emergent themes.

6.4 Results and Discussion

Similar to the pilot study, there was no indication of suspicion of a deception task (KF1), no
participant expressed concern discomfort when the deception was revealed (KF2), and most

participants were able to recall the setup and answer the questionnaires (KF3).

Level of Reported Attention Drawn to the Displays
7-point Likert scale: 0=none to 6=full

L] Large_Verbal
6.00-] B Large_Visual
] Control_Verbal
W Control_Visual

5.007

4.007

Mean

3.00

2.007

1.007]

00~
200 3.00

Condition

Error bars: +/- 1 SE

Figure 6-5. Level of reported attention drawn to thedisplays (surfaces) for each condition in the
improved study: 1) adaptive speed, 2) adaptive speed & shadow, and 3) adaptive trajectory
shadow. AVerbal o and fAvisual 0 represent tt

2The validity of using ANOVA tests on Likesgcale data has been shown(y Norman, 2010)
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The data analysis revealed tipapximity-based content movement and user shadow were effective
in drawing unknowing participardattertion to the large surfacand wa consistent across the verbal
and visual deception condition¥et, as shown irFigure 6-5, t he ef fect of chan
movement speed (Condition 1) was much smaller than that of the combine content speed changes and

u s e sh@dow (Conditions 2 &), when comparkto the control.

6.4.1 Effectiveness of Visual Concepts over the Control

T h e g uBlsaseiindicate iow much each of the displays [small/large] drew your attention when

the instructions were provided [vocally/visualby] i n t h e-pointdikem-scald frorm no7

attention (0) to full attention (6), was used to determine how much attention was being drawn to the
surfaces. When only relating proximity to the s
main effect in the verbal cas®.ema(1,9)=10.76, MSE=.23, p=.01, but not in the visual case:
Fusua(1,9)=2.65, MSE=.47, p=.138\..s. However, in both cases the difference in means was very

small between the condition (Ma~1.50, Misua=1.00) and the control (Mba=0.80, Misus=0.50).

Adding the userds shadow to the surface (Condi
between the condition (Mba—3.50, Misua=2.70) and the control (Mbva=1.70, Misuia=0.90). It has
also led to a main effect in both the verbadecaRemna(1,9)=16.57, MSE=.98, p<.01, and the visual
case: kmwa(1,9)=18.69, MSE=.87, p<.01.

Repl acing the change in speed with a more el ab
the userés shadow ( Condi ffdremae in3ngans batwegerothe candition t e d
(Mverba—2.90, Misua=2.60) and the control (Mba=1.70, Misuam=1.20). Similar to Condition 2, it has
also led to a main effect in both the verbal casgsafl,9)=6.00, MSE=1.20, p=.037, and the visual
case: kmwa(1,9)=10.76, MSE=.91, p=.01.

The small di fferences in means between varying
all (Control) were consistent with the findings from the pilot study. The significant effect found in the
case where verbatavigation instructions were given indicates a consistently higher ranking of
attention drawn, and may be explained by a high
Yet, a difference in means of less than a unit in the Leate did not ap@e to be indicative of

adaptive speed being an effective mechanism in ¢

Il n contrast, the | arger di fferences i n means b

the control, together with the statistical significandeprgyly suggested that such mechanism was
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effective in drawing attention. In fact, some of the participants recalled that the shadow, in relation to

t hei r mofollewae[my] siQvem@nds, mirmdr [my] motions |, aoat kiggdt when [I] get

close to [he display] and was gone totally when [I] moved away from [the display] | nt er est i ngl
attention towards the small surface (Control) was also increased, as indicated in the higher means in
Conditions 2 & 3. Though n o itwas pogsible that thelincieasedp ar t i c i
attention towards the | arge surface also increase

6.4.2 Attraction Power of Content Motion and User Shadow

In both the pilot and this improved study, changing the speabrdEnt movements in relation to

surface proximity (Adaptive Speed) alone did not appear to have strong attraction power. However,

when combi ned wi t h t he user 060s shadow, ANOVA 71 eve
reported attention drawn for both bat and visual cases:ha(2,27)=3.65, MSE=2.89, p=.04,
Fusual(2,27)=3.7, MSE=2.463, p=.038. A linear contrast was then conducted to testptlor a

prediction that the conditions with shadow (2 and 3) would have a stronger effect than the condition

without shadow (1). It was found to be significant for both the verbal and visual cases:
tverba(27)=2.58, MSE=1.32, p=.0154ta(27)=2.72, MSE=1.22, p=.011. The use of contrast test was

also supported by the answers from the participants, whiicated the majority of them were
predominantly attracted by their own shadows but

The fact that the majority of the participants in Conditions 2 and 3 reported noticing their own
shadows (19 out of 20), in contrastdnly a few noticed the changes in content motion (5 out of 20),
indicates that reflecting participantsd shadows d
speed change being unnoticed. This csowdlge be expl
sized shadow was unexpected and novel (an fAnoddbal

seen being used as scremvers or in decorative ambient displays.

6.4.3 Ability to Communicate Interactivity of the Surface

To realize a surface is inteta@, one has to first notice the surface. Thus, in Condition 1 where the
majority of the participants failed to notice the surface, most were not able to assess its potential

interactivity. When being asked to indicate how interactive the participangtihtiee surface (both

smal | and | arge) was, only one participant i n ot
interactiveo, while the rest rated it as having
contrast, 17 out of the 20 particigas i n Conditions 2 and 3 rated |
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i nteractiveo or hi gher . Yet , when asked what t h
of these 20 participants mentioned they could touch/move/interact with the content. This shggests t

while the userds shadow may help indicate the i

communicate possiblypesof interactions (e.g., touch, body movements).

Overall, the results in the improved study suggesthat including user gltows was able to
increaseattraction power and communicasemeinteractivity. But obher forms of interface design
were required to further bring the users through the interactioregsowith the interactive surface
This finding corroborated/uller et d §2)12)work that revealed thatepresentingthe user in the
surface(via shadows or user images) was more effective at engaging passersby than simply changing
content inresponse taiser actions, similar to the changes in contentandti this study.

6.4.40wnershipand Pl ayful ness of Oneb6s Shadow

Di splaying the userb6s shadow appeared to have
process. Analysis of video revealed that some participants, upon noticing their shadow, played with

the shadow by moving their own body in experimental wa&ygufe 6-6). The fact that the tracking

and output wergerformedin nealy reattime allowel the virtual shadow to respond with similar
behaviour t o-waald shaglows Analyis of quedidnnaire responses also revealed a
similar fAsense of s e l-dded responsaeabiutnthefacasrls ofthe P0ant s 6
participants wh experienced the user shadows used personal pronouns, adjectives, or possessives to
refer to the shadows, indicating that most participants perceived the shadow as a representation of
themselves in the intlrce. This observation suggestdth use of shilw in PLISs has the potential

to quickly invoke a sense of fAselfod and its owne

Figure 6-6. A participant experimenting with t
movements mirrored in thesurface
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This sense of familiaritytand ownership of the user shadowsd the playfulness (intrinsically
motivated engagement that did not seem to have a direc{ioiainga, B49) also suggesd that
user shadows may provide a means to heyerpeopl ebébs soci al i nhi bitions

surfacein public, which hadeen recognizeds abarrier forpublic surfaceuse(Cheung et al., 2014)

As an example, Disneyecently exploited this playful aspect of user shadows in a marketing
campaig®®ut i | i zing shadows to draw passersbyods attent
screen.With a Wizardof-Oz approach, baelk actors (dressed as famous Disney chiarac
mi rrored passeranbbghind themszreen,naach dalseir shadows onto it. After
capturing the passersbyo6s at tsuicly mimonngp d e rackk yodrss ¢
actions and formedmainteractivedialogue, thereby eating an engaging experience.

6.4.5 Limitations of the Improved Study

The laboratorybased study methodology employedthis improved study providegdrecision and
control of the experimental factorslowever, this approach involveal cost of lower ecological
validity compared to the more commgnl u s ettbwiii d 0 f i e | fa evaluaing publime n t
surface, as pointed out by researchers who also used a similar appittaehal., 2012; Convertino

et al., 2004) The use of @eception taskelped mitigatehis issue by emulating key aspects of public
surfaces, such as participants being initially unaware of the existence or purposesoffeme and
providing a compelling distraction to compete with siefacefor their attention.

Also, the presence of the researcher and camcorder might affect the way participants responded to
the surfaces. Thus, to truly achieve a high ecological validity, a faljpviield experiment, with
unobtrusive data capture methods, is needed to validate tits nespecific public contexts.

Another limitation was the sample group of participants in the study, who were recruited through
the university mailing list, and thus, were limited to a particular dsenographic, includingge
background, and more imgantly, relatedness to the content and expegein using interactive
surface. It was expectedhat by using similavisual conceptghat were employed in other field
studies (e.g., user shado(uiller et al., 2012), or based on previous psychologidaldings (e.qg.,
jerky speed(Franconeri & Simons, 2008)the results from this study woulde applicable to a

broader user demographiet, dgploymentin other contexdis necessary to verify them.

Bhttps://www. youtube.com/ watch?v=Hd_2Y29_FLU. Video of
Last accessed: 7 April, 2016.
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6.5 Lessons Learned

Analysis of the collected data has also provided insights into design improvements and extensions

that may increase the attraction and engagement power of the visual design, beltisted

6.5.1 Provision of Continuous Proximity-based Feedback

Onetypical adaptation of proxemimteractiors to the visual design of PLISs is to apply changes
based on di scr et(Brignpllr8 Rogensj 2093; Sireitp ateak, 2003; Vogel &
Balakrishnan, 2004)thus emulating the discrete proxemics zones by H#&66) This discrete
feedback approach may, however, have contributed to the limited attraction power of the content
speed changes condition included in both the pilot and improved studies. bhisaisse while the
psychologyliterature has foush this approach to be highly effective for capturing attention, the
findings assunt that people have adequate opportunityotiservethe speed changes. Yet, the
application of the proximitypased feedback for the content speed here was designed tofeakatef

the proximity zone boundaries. It is likely that this limited amount of feedback changes, combined
with the intentionally distractive deception tapkovided even fewer opportunities for participants to

notice the speed changes when they occurred.

In contrast, the proximitpased feedback changes for the user shadows were applied continuously,
that is, the transparency level (hence contrast to the background) of the user shadow decreased
linearly as the user approached the surface, making it nisildev This continuous feedback was
observable at any position in the environment, not just at the zone boundaries, as long as the surface
was in the personf6s Vview. Thus, in a public se;
opportunitytocaptr e a personds attent i o-basedfeedbackiglikelyg ¢ o n't

to be more effective at drawing their attention.

6.5.2 Placement of User Shadow

Although it was found that user shadows were visually compelling, the collected data revealed issues
with their current implementation. In the current implementation, the mirror metaphor was used to
simulate theappearance f a per sonb6s raadwaeansisteninto axistingditeralirer r o r
(Mdller et al., 2012)Thus, when someone walked parallel to sheface the shadow would appear
directly beside them. This often placed the shadow outside their peripheral view, limiting its potential
to be noticed. Moreover, delays tracking or shaow update sometimes positioned the shadow
slightly behind theperson further decreasing its potential visibility (sEgure6-7). To address this
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limitation, the shadow could be shifted slightly ahead ofpiso® s movement so it wou
within their visual perception field. Ideally this approach would be udesht h e p errergatian 6 s
information is available, and only applied whrey haveturned parallel to theurface Another

possibility would beao enlarge the size of the shadow beyond the actual size péthen

Figure 6-7. User shadow appearing beside the walking person like a mirroln some cases
slight tracking or display update delays caused the shadow to lag behind the person, placing 1
shadow outside their peripheral view.

Thisd ternative shadow placement may also help to
Muller et al. (2012) where passersby noticed (or understood) the interactivity safrface after
passing it, and had to back to interact with it.

6.5.3 Elaborate Use of Shadow

The study revealed the effectivenegsiser shadows in capturing attention, but this effectiveness did

not extend to communicating interactivity. The si
not appear to communicate howeomight interact with the application content. On the surface, this
finding was i nconsi @Q0l2 thdat useristatiowsMefdctivetyrcomentinicatetl . 6 s
interactivity. However, in their system, the only form of interactivig¢sv t o cont r ol oneods
hit the application content (virtual balls). Yet, in systems where other forms of interactivity were

expected, user shadows did not appear to offeirdogmation about those fornte the users.

Nevertheless, it may be podsie t o | everage peopl eds sense of
ownership of shadows to improvesarfac® sbility to engage the userFor example, by dropping
the strict Amirroringod nature of a s hadaow, it co
providing new methods for interacting witthe surface (e.g., shadovbased interactions for
interacting withgraphic objectgKrueger et al., 1985)eaching distant content on a larg@face

(Shoemaker et al., 2007@nd interactive graphics to suggest-hddy input(Snibbe & Rafle, 2009)
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6.6 Chapter Summary

In this chapter, | haveresented details of the improved study based on the findinGbdpter 5

Specifically, this study examined thise of content speed and shadasualizatiors in conjunction

with the proxemics theory. Thatudyresults sbwedthat the inclusion of shadow visualizatgdmad a
significant effect on dr awi ng peopl eds attenti
interactivity. The study also realedsome playful reactigifrom the participantén the presence of

their shadowrendered on theurface suggesting potential use of user shadow to go beyond attention

drawing and bring users further along the interaction process with PLISs.
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Chapter 7
Fi eBExdper ionffenAni mated UOcrtre®th admmad

This chapteexplores the use @he visual conceptinvestigatedn thelaboratorystudypresented in
Chapter 6for attracting attention and inviting interaction in a field settidgiield experimentwas
conductedo further validatehe laboratory studyesults A discussion of the results is provided to

motivate further investigation in using shadow visualizatiaaraassistive tool in PLISs.

7.1 Motivation of the Field Experiment

Thelaboratory study discussed @hapter 6providedan initial understanding dhe effectiveness of

the studiedsr i s u al concepts i n drHawevenwhilepha requlisindiqatadhat s @ at t
main effect incombiring user shdow withadaptive speed (Condition 2) ovadaptive speedlone

(Conditon 1), it was uncertain ifiser shadow alone could achieve a @imihcrease in attraction

power, sinceit was not studied as a separate fagtothe laboratory studyFurthermorewhile the

results in the latratory study corroborateskisting researcthencedemonstrating itsgplicability in

evaluating attraction power of a PLigeraction and interfacgesign,strongerevidencewas desired

to confirmthat thesefindings would carry over to a realorld context.

To address these issuediedd experimenivas conducted to furer investigate the effectiveness of
the studied visual cacepts in attention drawinin a realworld contex. Specifically, the field
experimentseparated adaptive speed arsgr shadow into two independent experimental fattors
betterundestand theiiindividual effectsand deployedhese concepti® a public setting (university
campus)or greater ecological validityn addition the study also investigated whether these visual
conceptsouldfurther entice passersby to irdet with a PLIS as repreented by the later parts of the
DISCOVER interaction model presenteddhapter 3

This field experiment can be viewed agartial replication of the laboratory tsidy discussed in
Chapters 5 & pwhereimplementation, experimental setup, qguatformance measures collecteére
adapt ed -thewi ladh 0 f(Boenbaeki eha 2014) Replication isa commonly employed
approach to confirm earlier Qdsnydet @.sAWD1)dndis di ngs i

encourageth the HCI community as we{Hornbaek et al., 2014)
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7.2 Field Experiment Design and Setup

The field experimentfol o wed a corheent donhi efRdnexperi ment met

system to be studied (PLIS as a large interactive display) was implemented with different versions of
the interface using the visual concepts, namadgptive speednduser shadowBoth the hardware
and software were updated to better meet the requirements of a field experiment, for example,

supporting multitouch interaction and being more robust both physically and programmatically.

7.2.1 Experimental Conditions

To remain consistent i the experimental conditions in the laboratory studigptive speeavas

again implemented to respond to the proximity of a passerby in a stepwise manner: speed of content
(images) decreased in a stepwisanneras the passerby walked closer to sheface and crossed

from zone to zonéFigure7-1). However, because of tmarrowerwidth of thedeployedsurfacethan

thelarge surfaceised in thdaboratory stug, changes in speed were applied to all the images instead

of only those closest to the passerdger shadowvas again implemented by showing the silhouette

of the passerby, and withcantinuously increasingortrast as the passerby approactiessurfac.

=

L
=

O ©
Zone 1(~1.2m)

Zone 2 (~0.3m)

Zone 3

Figure 7-1. Zonal setupof the large interactive surfacein the field experiment Content speed
changed in a stepwise manner as a passerby crossed any of the zone boundaries. She
contrast changedcontinuously in relation to the distance between the passerby and the surface
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7.2.1.1 Animated Content (Adaptive Speed)

Similar to theexperimentatonditiors used inthe laboratory studythe stepwise decreasedro nt ent 6 s
speed(specific speed values used the experiment can be found Appendix D as apasserby
approached was used to provildficient opportunities for them to interact with the content, and be

more likely to notice thehange. Otheanimations to the content were possible, for example, change

in scale, or change in trajectofysed in the laboratorstudy). However, as no significant difference

was observed between changing speed and chaimgjagtoryin the laboratorstudy, it was decided

to only focus on cainging speed in thigeld experiment

Combining the concept of proxemics zones and physical properties of the location, three zones
were setup with boundaries gpproximatelyl.2 metreaway, 1.5 metres away, and above 1.5 metres
away from the interactive surfacas shown irFigure 7-1. These distances were used to closely
approximate thse used irthe laboratory studyapproximatelyl metre away fronthe surfacefor

personalZonel), 1.8metre aws for social(Zone2), and above 1.Bhetre away for publi¢Zone3)).

7.2.1.2 User Shadow

A Microsoft Kinect V2 (as opposed to the original Microsoft Kinect ugdtie laboratory study) was

used to detect and track passersby. This newer Kinect model provided a higher image resolution of
the depth data (512x424 pixels, over 2.5 times of the original), resulting ingfimi@ed and more
realistic user shadows. dtiso provided the ability to track up to six individuals simultaneously (as
opposed to two with the original), providing more flexibility to handle a wider variety of possible user
scenarios in the field. Finally, the Kinect device was mounted above fiagesijrather than across

the room in the laboratory study); this position coupled with increased-peutton tracking allowed

for multiple shadows with various contrasts as a

Consistent with théaboratory study, a continuous change was applied to the shadows (alpha value
0 to 255 linearly mapped to 0.4 to 3.15 metres from the surface). The shadows remained as true
reflections of the passersby without any added animations or modifications. Plesniemtation of

true reflections was also consistent with existing research using shadows.

7.2.1.3 Control Condition

I n the control condition, contentds speed was set

and remained unchanged (i.e., no stepwiseedse), with no user shadow being displayed.
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7.2.1.4 Deployment Design

Theexperimentused a 2 (adaptivepeed) x 2 (ser shadow) betwegrarticipantfactorial desigr(see
Table 7-1 for the condition assignmentJhe study was conducted across four consecutive days (3
(Tue)i 6 (Fri) November, 2015). Eh day, the interactive surfaees setup and its usagesebved

for a fourhour period from 10am to 2prwith each condition occupying an hour of this peribade
order of presentation of theonditionswas counterbalanced using a Latin Square across the four
daysto ensure similar exposure to foot traffseeTable7-2 for the schedule).

Table 7-1. Assignment of the conditionsn the 2x2 betweerparticipant factorial design in the

field experiment (Condition 1: control, Condition 2: Adaptive Speed, Condition 3: User
Shadow, Condition 4: Adaptive Speed & User Shadow).

Adaptive Speed absent Adaptive Speed present

User Shadow absent Condition 1 (control) Condition 2

Condition 3 Condition 4

User Shadow present

Table 7-2. The schedule of the conditions presented for the duration of the fielexperiment,
following a Latin Square to ensure similar exposure to foot traffic. Times are approximated as
the switches weranade at logical breaks between foot traffic.

Day 1 (Tue) Day 2 (Wed) Day 3 (Thu) Day 4 (Fri)

(3 Nov, 2015) (4 Nov, 2015) (5 Nov, 2015) (6 Nov, 2015)
10amllam Condition 1 Condition 4 Condition 3 Condition 2
1lam12pm Condition 2 Condition 1 Condition 4 Condition 3
12pm-1pm Condition 3 Condition 2 Condition 1 Condition 4
1pm-2pm Condition 4 Condition 3 Condition 2 Condition 1

To minimize disruption to interactions, switches between conditions were chosen based on logical
breaks between foot trafficThese switches were very quick: done with a simple keypress on a

keyboard behind the surface. Each condition was presented for an average of 60 minutes per day.
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7.2.2 Study Location

To achieve higher eaagjical validity, the field experimentvas conducted witlhunobtrusive data
collection mehods, where the researched diot directly interact with the observed personaal]
insteadtook a silent observer roldzigure 7-2 shows the physical setup of the PL&S a large

interactive displayt the designated publiocation

N B

.| To another building ‘

>

Figure 7-2. Deployment of the PLIS asa large interactive displayduring the field experiment It
was positioned between the third floor lobby of the Engineering 5 building at the University o
Waterloo (left) and the entrance of the bridge to another Engineering building (right). The
researchers (not shown in the figure) were stationed opposite to the display without ar
indication of a study in progress.

7.2.2.1 Finding a Study Site

Several criteria had to be met when determining a location for the field experiment, including 1) had
enough foottraffic while possible for passersby to stay for a short period of time to interact, 2)
provided a place for the researchers to station unobtrusively for observation, 3) had power supply for
the display to operate for several hours, and be accessibtarieportation and storage of equipment
over the duration of the experiment, and 4) be legally and institutionally accessible to the researchers.

After a few iterations on possible locations around the university campus, it was decided to be in a
lobby areaof an Engineering building on the campus that had an afpmeend pedestrian pathway
link between campus buildings. The display was set up near the entrance way to several classrooms
and the pedestrian pathway. It was upon a frequently commuted area @anthus, used mostly by
students between classes and staff members between meetings. Moreover, it was expected to be used
frequently because of the colder seasonal weather and ongoing construction outdoors interfering with
easy access to adjacent buildinghe lobby area also allowed the researchers to be stationed at a
group of nearby tables commonly used by students for completing class work, while having a full

view of the display and passersby interaction without drawing much attention.
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7.2.2.2 Getting Ethics Clearance

Since the field experiment involved disturbance of a public space (placing an equipment and thus
altering the space), and passersbydés reactions
the University of Waficee This also ingolved eldamiag perinissigri thise s  Of
the space for the study. This process took a few months (in contrast to a few weeks for the laboratory
study) to finalize as multiple parties were involved, and it was the first time a study of this natu

conducted within the university, according to the ethics administrator handling the application.

In particular, adigital camcorder was required to capture the interastlmetweerpassesby and

the displaysuch as glances astiadowinteractions However, apasserby could not be notified about
this recording in advance (as per normal ethics protocol) as itaffiegt their behaviour. After
severalmeetings with theethics office, it was decidethat the camcorder would be positioned
opposite to the dday, sopassersby would not dacing the camcorder if they weemgaged in the
interaction;their faceswvould also be blurred iny video footager image snapshot® published. In
addition,for a week after the studg notice(see AppendixC.2) waspostedin place of the display to
inform passersby about the study, and offered to remove them from the recordings if they wished to.

7.2.3 Implementation of the Large Interactive Display

As mentioned in Sectiod.l, -théwi | dpboymdngs, like this field experimentequire more
development effort as the display has to be tional and robust to adoc useHence, ¢ ensurea

successfuexperimentboth the hardware and software application were updated.

7.2.3.1 Hardware

A 164cm (diagonal) visionbased sensing muitbuch surface(Kapp iQ 6065i)manufactured by
SMART Technologie¥' was used as the interactive displéyrecognizedup to fourmulti-touches

and reported them as touch evetats connected computer. The surface was made using reinforced
glass with metal enclosure, making it robust to frequent luseas mounted on a mobile stanfl
adjustable heightsee Figure 7-3), and connected to a Windows 8 PE5GHzCPU, 16GB RAM,
NVDIA Quadro K2200 display cardunning the applicatiom 1920x1080 pixelsesolution

1 http://smartkapp.com/en/products/kaigp Product webpage of the Smart Kapp iQ 6065i. Last accessed: 7
April, 2016.

117


http://smartkapp.com/en/products/kapp-iq

Smart Kapp iQ 6065i
Multi-touch surface

ind 3 Mobile stand with handles for moving the display and
to minimize tripping hazard of the stand’s front feet

Figure 7-3. Hardware setup of the interactive display for the fieldexperiment The surface was
a Smart Kapp iQ 6065i that supported multitouch. Proximity-sensing was provided by the
Microsoft Kinect V2 depth camera. The applicationwas run in a Windows 8 PC.

A Microsoft Kinect V2 deptksensing camera was attached to the top of the surface using a tripod.
It was used to determine the proximity of a passerby to the display. The camera could keep track of
up to six individuals simult@ously to a distance of 4.5 metres with a resolution of millimetres.

7.2.4 Software Application

The application was implemented using Unity3that supported muHiouch input from thesurface
and depth data input from the dejs#nsing camerdigure 7-4 shows the development environment
of Unity3D, where the left window shows the virtual 3D scene perceived by the application, and the

right window shows the output to the disp(ath user ladow).

The application was designed to be easily switbBbetween conditions with a single key preass
simplify switches in the fieldDepending on which key was pressed, dpplicationdetermine
whether the speed of the imagesuld be changed, afa whether the user shadowswd be
displayed.Similar to the aplication used for the laboratory studZhapter § the application
interface contained a number of images that floated across the screen. These images iratiogled ph

15 http://unity3d.com/unityWebsite of théJnity3D software development tool. Last accessed: 7 April, 2016.
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of various sites and buildingsf University of Waterloo To further increase visual interest, a
background i mage was al so used, -syepgketchlitemgg r el ev

This background image was dispdalin all conditions.

As shown inFigure 7-3 andFigure 7-4, a shadow of a person appearedhim form of a silhouette
when aperson was detected by thénect deviceand within a predefined distance (during
Conditions 3 and 4). The silhouette wagraphical reconstruction from thefra-red data captured by
the depthsensing camera. Besides showing the visual content, the application automatically logged
each individual being tracked, aadytouch events on theurface

Application functionality réated to buch interaction was kept minimals the main pypose of the
field experimentwas to further investigate thesults fronthe laboratory study: how visual concepts
attracted and entideinteraction from the passersby. As shownFigure 7-5, when a photo was
touched by a passerby, it underwent a vertical flip animatereakd an image informing theser
about the purpse of the display, and invitealem tofurther participate in the field experimeby
following a link to an online questionnaireAfter five seconds without any touch interaction, the

image would flip back to the original photo, and continued its movement across the screen.

< y (4in) - ~VictorKinect - PC, Mac & Linux Standalone <DX11> - clEl

3 Output to the display

Virtual 3D scene constructed in real-time
1 using the depth data from Kinect V2

Figure 7-4. A snapshot of the Unity3D development environment for the application The left
window shows the virtual 3D scene constructed in redime using the depth data, the right
window shows the output of theapplication to the display*.

*The dialog indicating FPS (framesper-second) was only used during development, and &
silhouettes were shown in white during the field experiment.
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This display is part of a research study.

To learn more, and get a chance to win a
prize, please follow the provided link:
https.//www.surveymonkey.com/r/UW-E5

Or the QR code:

a) One of the photos of the univers b) The image shown when a passerby touches ar

campus shown in thepplication (front).  the photos on the display (back). The link and QR ¢
take the passerby to a webpage containing fur
information and an online questionnaire.

Figure 7-5. Imagery content shown in the display When a passerby touches a photo, it turn:
into the image shown in (b) for five seconds, informing them about the purpose of the displ:
and inviting them to further participate in the field experiment. A chance to win a prize (details
not shown to allow flexibility of prize during software development, but clearly stated in the
online questionnaire) is offered to motivate participation.

7.2.5 Data Collection and Analysis

The field experimentvas conduc ttedi li cho afmi dilindanner(Secion2.4de n t
where interactiopbetween passershy atite displaywere documented g field notes, computer
logs, and video recordisg

7.2.5.1 Field Notes

Field notes were taken by the researchessitsn during a total of 16 hours of display usage
observation. Each note entry represented an incident of interest, including time, coddgaiption
of the incident, and the researcherdés comment s. T

of the study data by providing additional context and focus.

7.2.5.2 Computer Logs

Computer logs were created automatically by the application. Easbefqoy being tracked was
assigned a unique identifier together with the times of entry and exit of the tracked area. Touch events
on the display were also logged, indicating whether any application content or the background was
touched, and the time it ppened. These data were used quantitatively to evaluate the attraction and

holding power of the display under different conditions.
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7.2.5.3 Video Recordings

Video recording weremade using a SoryiDR-MV1 handheldcamcordemwith a wideangled lens
capturingthe foot traffic from bothleft and rightsides of the display, and the interaction between
passersby and the displayhe video footage wasodedusingthe ELAN annotation softwat&for

occurrences and durations of intefaicf and wee analyzed both qualitatly and quantitatively.

Occurrences of interaction in the video recordings were annotated uslogedcoding scheme
developed based on the attraction phase in the DISCOVER interaction rébdetdr 3, and the
experimental conditions being studied, as showrrigure 7-6. INDIV and GROUP were mutually
exclusive entities in the Unit tier representing the social forma@aMANCE, NONE, STARE were
mutually exclusive entities in th&pproach EBhaviourtier repreenting initial interaction with the
display TOUCH, SHADOWPLAY, SHADOW-REACH, MOVE were entities in the Physical
Interaction tier representing more involved interaction with the display, and could be coded in any
combination multiple times for a passerly an effort to reduce bias, an external but experienced

research assistamas hired tacompketethe annotation of the recordings.

Invites &
encourages

Provides . .
interaction

Informs stimuli
potential

users

NOTIFIED INTRIGUED

Interact
(EXPLORING,
DISCOVERING,
DISTRACTED,
COMPETENT,
FRUSTRATED)

4~ Unable to
promote

. interaction Indicates task
stimuli

completion

GROUP
SHADOW-REACH

Clarifies
irrelevance

Unable t;J\‘-“M
provide
sufficient

Figure 7-6. A closed coding scheme used to annotate the video recordind$ie scheme was
developed to represent various states of the DISCOVER interaction model, and taking int
account for the interactivities afforded by the display (e.g., touch, proximity).

16 https://tla.mpi.nl/tools/tldools/elan/ an annotation software for vidending developed by the Language
Archive at Max Planck Istitute for Psycholinguistics. Last accessed: 7 April, 2016.
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Table7-3 summarizes the annotation cedesed fothe field experimentDue to the observatiah
nature of the experimentaser states in DISCOVERere mapped to observable occurrences such as
glances, stares, and body movements, which were also similar to the observations made by Schmidt et
al. (2013)in their field study on content readability. Also, as the focus ofettperimentwas the
attraction power of the display, later states of the model were not used or measured.

In the analysis of holding power (Secti@r8.1), computer logs were uséuasteadof the Duration

of Stay tier fora more accurate measure of time.

Table 7-3. Coding scheme used to annotate interaction in the fieldxperiment Each code

represents an observable occurrence of a usgtate in the DISCOVER interaction model.

. _ Corresponding user
Tier group | Code Description state in DISCOVER
An individual with the display in their field of .
Uni INDIV view (front oriented towards the display) Unknowing
nit
A group of individuals (>1n proximity) with .
GROUP the display in their field of view Unknowing
GLANCE The action of looking at the display but withou Notified
stopping
Approach - . ——
Behaviour | NONE .ShO.WS no intention tp !O.Ok or pause with disp Indifferent & Withdrew
in view, walks by as if it is not there
STARE The action of stopping and looking at the disp| Intrigued
TOUCH The action of touching the display Exploring (and beyond)
SHADOW- The action of playi ng¢ .
PLAY shown in thedisplay Exploring (and beyond)
Physical SHADOW- The action of reaching to the Kinect V2 or
Interaction REACH attempt to interact with the content via shadoy Exploring (and beyond)
or waving
The action of moving forward/backward in .
MOVE attempt to interact Exploring (andbeyond)
START ;I;Jr;ﬁ beginning of stay marked by stare or hea Intrigued
Duration of END The_endlng of stay marked by leaving or not Withdrew
Stay looking
HEADTURN g.h e action of turningy.,apicable
isplay
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7.2.5.4 Online Questionnaire

In addition, an online questionnaire (created based oninipeoved laboratoryst udy é s post
experiment questionnaire, see Appen@ixd) was created to elicit feedback from the passersby to
examine their perception towards the display. To maintain thebtursiveness of the field
experiment the link to the questionnaire wémsiefly shown (for five seconds)after a passerby

touched an image on the display (§ggure 7-5b), and on the notice replacing themlay after the

study period. Achance of winning one of terl@ gift cardsat a popular fast food restaurant (Tim
Hortons)was provided to motivate participation. However, no participation was received through this

channelThis questionnaire was therefore not included in the analysis.

7.3 Results and Discussion

The main goals in this field experiment were to empirically validate the results from the laboratory
study, and to address some of its limitations. Hence, indications of attention capture and interaction
were of particular focus ihe analysis. The collected data were used to identify recurring behaviours

by passershy when interacting with the display to better understand public surface interaction.

During the 4day field experimen{16 hours in total), 2921 bodiésvere tracked, out of which
1096 were coded in the video recordings due to their observable interaction with the.dl$plag
who did not orienttowards the display, awerestaing at their own mobile devicasther distractions
during the entire time we not codedThe online questionnaire was niocluded due to lack of

participation as mentioned in Sectigh2.5.4

7.3.1 Holding Power (Length of Stay)

In museum stdies, holding poweris one measuremerfor determiningthe effectiveness of exhibits
(e.g., Bitgood & Patterson, 1987nd is defined as the ratio (averaged over visitors) of the actual
time spent at an exhibit to the minimum viewing time necessary to examine key elégaamser,
2003) In some studiege.g., Boisvert & Slez, 199%)olding power was measured simply by the
average holding timeThis thesis took thdatter approach as the content being displayed was

intentiorally made simple (floating images, user shadow) so the necessary viewing timénimaasl.

“The term fibody/bodieso is used here to acknowledge t
thus, the same person may have been tracked multiple times over the experiment period
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The holding time was theshgth of stay for each passerbwhich was determined ging the
computer logs of engrand exit times of the tracked bodig£., thetime betweenthe application
identifying a bodyandlosingtrack ofit). Yet, due to the limitation of the tracking technology, it was
not possible to distinguish repeatipgssersby; it was also not possible to determinegtme
directionof the passersby, so a staitength of stay might simply be a waltlyy withoutthe display
being noticed. Hence, only those with a length not less than four sgcoagsly how long it took to
walk pass the display without stoppinggre includech s afy ®t ianalydishesutting in a total of
678 bodies It is therefore important to take note that this is a conservative estimation of interaction.

As shown inFigure 7-7, using four seconds to separate passersby betweerbwalkd stay, a
higher percentage of stay (over 20%) was recorded in Conditions 2 to 4 than that in Condition 1,
suggesting that visual concepts were effective in holding mBsevoreoverthere was a stronger
skew (indicated as the 7percentilein the >= 4sec groypn the number of trackedtayingbodies
towards the longer length of stay in Conditions 2 to 4 than that in Condition 1, indicating a higher
number ofpassersby temdl to stay longer in those conditions with visual concepts implemented
(with Condition 4 using both Adaptive Speed and User Shadow resulting in the longesTlsigy)
result was also supported by the boxplot showFRigure 7-8 showing the median and quartiles of
length of stay (the >= 4sec group) for each condition. Furthermore, the least variability (shortest box)
and lowest upper qudg in the control condition suggested that when not seeing any visual elements,

passersby gave up and left more quickly than when presented with any of the studied visual concepts.

A two-way ANOVA was conducted to examine the effect of Adaptive SpeetlsedShadow on
length of stay for each staying passerby. Both Adaptive Speed (F(1,674)=4.427, p=.036) and User
Shadow (F(1,674)=11.248, p=.001) had a significant effect on the length of stay. No significant
interaction effect was found (F(1,674)=.751, B863.s) between the two visual concepihis may
be explained by these two factors being two disparate levels of visual stimuli (as detailed in Section
2.6.1]): Adaptive Speed was a ldevel visual stimulus, while User Shadow was a Hegrel visual

stimulus.

8 This number is different fromthevidebo ded dat a6s number because: 1) it fi
2) the computer log treats all bodies as individuals. However, it gives a more accurate result in terms of who
stayed for a considerable lehgf time in front of the display.
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Condition 1 (Control)

a) Control
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Total number of tracked bodies: 674
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Total number of tracked bodies: 779
Number of tracked bodies4sec: 567
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Condition 3 (Constant Speed, User Shadow) C) Usel’ ShadOW

(566 bodies, 738%) | (200 badies, 26.2%) (Condition 3
Total number of tracked bodiegd7
Number of tracked bodies < 4sec: 588
Number of tracked bodies=: 209
Mean length of stay: 20.31s
Standard Error: 2.40
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Figure 7-7. Comparison between 4 conditions on length of stafpetween 0 and 300 second
Each figure is divided at the 4sec interval, sorted by the length (durationpf stay.

125



Length of Stay (no less than 4 seconds) for Visual Concepts
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Condition 1 Condition 2 Condition 3 Condition 4

Figure 7-8. Boxplot of medians onp a s s e Hlesgth pféstay using visual conceptgCondition 1.:
Control, Condition 2: Adaptive Speed, Condition 3: User Shadow, and Condition 4: Adaptive
Speedand User Shadow Oultliers are not shown in the plot to better scale the boxes.
This result is consistent with the findings of the laboratory study that the combination of Adaptive
Speed and User Shadow had a significant effect on the reported atteation dnd further shows
t hat each visual concept independently was effec
simply notifying passersby of the displayébés exis

holding power of these visual concepts

7.3.2 Glances and Stares

Glances(GLANCE) and stare¢STARE) were observable physical actions undertaken by passersby
corresponding to the beginning of any displaperaction. A glance was signified by a passerby

walking pass the display with their head oriented towards the digplagntraststare was signified

by a passerby stopping in front of the display with their head orienteatdewthe displaykigure7-9

showsexamplesof a glancga) anda stare(b). In addition,if a passerby had ample chanoenotice

the display (e.g., they were heading towatdsdisplay and were not poecupied with other things

such asa mobile devicg but showed no sign afrienting towards the display, their actiaould be

treated as an o(N@NE)Y Noe nbecauseoefteacking avasenot conducted, ® i

poss bl e that some of these finoned instances were &

the camcorder, this was not observable.
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a) A glance where the head  b) A stare where the heaxd c)Treaedas fAnoneo

of the passerby oriented the passerby oriented passerby had ample chance

towards the display while towards the displayand to notice the display but

walking. theystopped. showed no sign of head
orientation.

Figure 7-9. Examples of a tance (a) a stare (b), and none (c) The main difference between &
glance and a stare is whether the passerby stopped (stare) or not (glance).

Prior studies treated glances as one of the indicators of interaction with gePdISAIlt et al.,
2012; Brignull &Rogers, 2003; Dalton et al., 2018pr example, Michelis and Mill¢2011)used a
headturn (i,e.aglane) as one of the observable reactions
ipassersbyo, and reported approximately 640 to
Magical Mirrors system However, stares were not quantified separatelsing the DISCOVER
interactionmodel as the basis of the videoding scheme, glances and stares were coded separately
inthisanalysis o refl ect the different user states as dt

The videecoded data revealed a simildistribution of GLANCEs (~80%)STAREs (~10%)xnd
NONEs (~10%) across all four conditions (seigure 7-10), indicating that the studied visual
concepts had neffecton promoting further interactisr(transitioning fromnotified to intrigued as
described in DISCOVER Meanwhile, the high proportion of glancsgh substantially fewestares
observedmay be explained by thécation of the display: a frequently commuted location. Thus,
while noticingthe display most passershyaynothave hadhetime tostop for it.

The duration of the glances tended to be very short, as it was carried out by passersby without
stopping forthe display. This behavioworroborated with the brevity of most glances reported by
Huang et al(2008) Due to technical constraints it was not possible to report the exact duration of
glances, butfrom field observations thigaried from a quick second (cdverage duration of¥ation
of less than one second reportsdDalton et al(2015) to about four seconds (the approximate time

to walk past the display).
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Composition of Approach Behaviours across Experimental Conditions

Group (170) Group (39) Group (21)
B Individual({728) B individual|{64) B Individual{91)

Mumber of Occurrences

. -—--
us ASUS us AS=US

Control A5 Control A%

GLANCE STARE NONE

Experimental Conditions

Figure 7-10. A comparison of composition ofapproach behaviour (glance stare, and none)
exhibited by the passersbyacross four experimental conditions Control, Adaptive Speed (AS),

User Shadow (US), and Adaptive Speed and User Shadow (AS+US). Each bar represents t
occurrences from both individuals and groups. Numbers né to the legends represent unique
counts of groups and individuals constituting the occurrences. Note that multiple occurrence
(representing multiple clusters of actions) might come from the same group or individual.

For those passersby who did stop the display, the video revealed that they spent most of the

time staring at the content. Some, however, stared at the Kinect device, potentially trying to make

sense of its presence. This observation was consistent with the interaction behavioied nepar

7.3.3 Touch, Shadow Interaction, and Movements

If a passerby was sufficiently intrigued, they then tried to explore the display to see if they could do
something with it. These further actions were considplgdical interactionsowards the displayn

which passersby went beyond just staring.

The videacoding scheme categorized such physical interactions based on their form: TOUCH
referred to a touch directly on the display surface; MOVE referred tedradtorth body movements
in front of the disphy; actions in relation to the shadow was broken down into SHABQWY
where a passerby moved their limbs in the presence of a shadow in a playful, often random manner,
and SHADOWREACH where a passerby appeared to purposefully move their limbs astiriaxctn

with the content or the shadow from a distance. It was observed that some passershy tried to wave at
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the display to trigger some responses, even when the display was not showing any user shadows
(Conditions 1 and 2). SHADOWLAY and SHADOWREACH wek therefore expanded to include

any limb movements to encompass such actions.

Figure7-11 shows the vide@oding results across all four conditions for physical interactibims
field notesindicatedthat anecdotally, most of the passergippeared to recognizke Kinect device
a mnsumer gaming produttat recognized body gestures, above the displayhadfore expected
their movements tdrigger somesystemresponses. Uncertain what it actually was for, many
passersby wawkat a distance, hopinigr some responsdrom thedisplay. This could explain the
unexpectely frequentoccurrences of SHBOW-REACH in the Adaptive Speed condition, where no
shadow was showrand the speed of the imagiid not changeinless gpasserbyrossed from zone
to zone With such absence of vialfeedback (naser shadowand no speed change from waying
passersby were leftunsuaeb o ut t he di s pebulingngiving up tarel waking dwayi t vy ,

Composition of Physical Interaction across Experimental Conditions
35
Group (32) Group (14) Group (25]) Group (4)
B Individual(37) B individual(s) B Individual(21) B Individual(9)

= (=] ra
n =] L

Mumber of Occurrences
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=]

o Us  AS=lS

Control  AS Us  ASsUS Contral  AS Us  AsUS Control  AS Cortrol  AS Us  ASUS
TOUCH SHADOW-PLAY SHADOW-REACH MOVE

Experimental Conditions

Figure 7-11. A comparison of composition of physical interactiofTOUCH, SHADOW-PLAY,
SHADOW-REACH, and MOVE) used by the pasersby to explorethe display across four
experimental conditions (1 to 4) Control, Adaptive Speed (AS), User Shadow (US), an
Adaptive Speed and User Shadow (AS+US). Each bar represents total occurrences from b
individuals and groups. Numbers next to the legends represent unique counts of groups a
individuals, which might result in multiple occurrences.
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Except in the Control conditn, backandforth movements (MOVE) were designed to trigger
proxemics responses (stepwise speed change of images and/or continuous contrast change of user
shadow). However, this physical interaction happened significantly less than the other forms of
interaction. This could be caused by passersby not noticing such system responses (also observed in
the laboratory studies); or might be a result of the more prominent appearance of the Kinect device
than in the laboratory study, leading to an assumptionitthais the main input channel of interaction
(commonly known for lateral body/limb movements, rather than proximity). It was, however, not
possible to infer from the results of any other perceived interactivity facilitated by the visual concepts,
due to he lack of questionnaire responses.

Regarding the touches logged by the application, in every condition ab80220f these touches
occurred on the static background area, which did not respond to touches. One explanation could be
that passershy testduetdisplay to see what it would do in response to touches at random locations.

7.3.4 Transitioning from Approach Behaviour to Physical Interaction

While it was not possible to control the composition of groups and individuals in the fieldistudy
thus allowing galuation of how such composition was affected by the interface design (e.g., which
visual concept could better attract groups or individuatkke results did allow for an examination of
how groups and individuals transitioned into later parts of inierac

Table 7-4. Ratio of interaction occurrences between groups and individuaJsmeasured across

four experimental conditions (1 to 4). An opposite groupto-individual ratio was observed in
most of theinteraction types in the physical interaction tier.

Control Adaptive Speed User Shadow BN SIEEe |
S o P User Shadow
Group:Individual Group:Individual Group:Individual S
Group:Individual
GLANCE 48:201(~0.24) 35:178(~0.20) 43:184(~0.23) 52:196(~0.27)
STARE 9:16(~0.56) 14:22(~0.64) 10:16(~0.63) 7:19(~0.37)
NONE 6:21(~0.29) 4:15(~0.27) 8:21(~0.38) 3:34(~0.09)
TOUCH 17:12(~1.42) 10:12(~0.83) 15:13(~1.15) 9:4(2.25)
SHADOW- ) : : .
PLAY 0:0(NaN) 0:0 (NaN) 9:5(1.8) 7:2(3.5)
SHADOW- ) . A~ -8(~
REACH 3:2(1.5) 20:10(2) 10:4(~2.5) 11:8(~1.38)
MOVE 0:0(NaN) 0:3(0) 1:6(~0.17) 3:2(1.5)
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Table7-4 shows the groupo-individual ratio of occurrences for the coded interactionging the
transition from approach behaviour (GLANCE, STARY¥ONE) to physical interactioiTOUCH,
SHADOW-PLAY, SHADOW-REACH, MOVE), there was a reverse in the ratio of occurrences in
almost all the types of interaction, suggesting #dtaying groups were more likely to engage in
further interaction typesThis phenomeon may be explained by theypical dynamicsobserved
amongst groupthat stopped at the displayhen one or more group members noticed the display and
decided to interact with it, other members also noticed it and followed suit.

Suchobservatiorhas parallels tohe previously reportedi h o 1p @ \ fféct (@iscussed irSection

2.1.7). Yet, anecdotally, the outcome of this effect appeared to be diffestnieen acquaintances
and between strangers. In the caf@acquaintances, the number of interacting users increased as a
passerby joined their friendn the case of strangers, the number of interacting users remained
unchanged asnaapproachingpasserby stood at a distance obsenangalready interacting user
either waitingf or t h eor left b&foras any farther interactiasccurred The latter was more
common for (apparent)strangers likely due to the highraffic nature of the deployment site.
However a closer examination df o w t h ep dithd tnopdydtes in the presence of different
social configurations (e.g., acquaintances versus strangers) and in different contexts (eargffibigh

areas versus resting areas) is required to hattlgrstand this phenomenon

In addition, by examining theaumber of passerby unit (groups and individu@tgt transitioned
from approach behaviour to physicaitéraction(shown in Figure 7-12), a trend similar to the
Audierce Runnel described bylichelis and Miuller(2011) was observedwhere the number of
interacting passersby deased rapidlyn the beginning, and remained fairly constant further along

with more engaged interactioagross all four conditions

Furthermore, by examining the composition of groups and individuals, it was observed that groups
tended to be more likelio stay for more engaged interaction than individuals, regardless of what
condition they were experiencing. This result also corroborated the reversal oftgindjvidual

ratio of occurrences phenomenon discussed earlier in this section.
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Transition of Interaction along the DISCOVER Interaction Model
Condition 1 (Control)
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Figure 7-12. Transition of interaction in groups and individuals along the DISCOVER
interaction model across four experimental conditions (1 to 4) (top to bottom) Control,
Adaptive Speed User Shadow,and Adaptive Speed and User ShadowPhysical Interaction
includes any of the four interaction types in the tier.
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Transition of Interaction along the DISCOVER Interaction Model
Condition 4 (Adaptive Speed, User Shadow)
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Figure 7-1 2 ( C oTransiiah pf.interaction in groups and individuals along theDISCOVER
interaction model across four experimental conditions (1 to 4){top to bottom) Control,
Adaptive Speed, User Shadowand Adaptive Speed and User Shadow. Physical Interactio
includes any of the four interaction types in the tier

Insummary, p exami ning individual sd and groupsO beh
there was a difference in how passersby reacted to the studied visual concepts depending on the social
configurations (e.g., by oneself, with acquaintances, in the presest@amgers), thus affecting the

progression along the interaction process with a PLIS.

7.3.5 Relating Results to Laboratory Studies

This field experiment was motited by the need to further validate the results from the previous
laboratory study Chapter § in a realworld setting. It was also importarib investigate the
effectiveness dthe studiediisualconceps separatelyandtheir ability to entice futier interaton.

7.3.5.1 Drawing Attention

In the laboratory study, attention was measured based on participant responses teetkepgostnt
guestionnaires. A similar questionnaire was used in the field experiment by inviting passersby to an
online survey. However, thdata collection method was not successful, possibly because the survey
had to be answered el sewhere (with passersbyés
or forgetting to do so. Thus, the field experiment was not able to gather partjp#pesptions of the
studied visual concepts. Though it was disappointing that no participants completed the online survey,
in reality this would have only represented the passersby who engaged with the display.
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However, the field experiment provided othsotential measures for drawing attention. First,
glances, stares, and other coded physical interaction indicated the display drawing attention. Further,
passersbyb6s conversations overheard by the resear
aloo indicated passersby noticing the display. Many such comments indicated that attention was
drawn due to the physical appearance of the display (the digital whiteboard, the Kinect device). So
while not being able to directly validate the attraction powend in the laboratory study, the field

experiment has instead provided evidence in drawing attention with visible hardware.

7.3.5.2 Holding Power

Unlike the laboratory study, the field experiment allowed actual interaction with the display, enabling
the measurenme of length of stay of passersby, which in turn indicated the transition into user states
beyondnotifiedin the DISCOVER model. The separation of adaptive speed and user shadow into two

independent experimental factors had made it possible to systdipaticduate their effectiveness.

Analysis of the computer logs revealed that both adaptive speed and user shadow were effective in
holding the attention of passershy; with the latter being more effective through the more observable
visual feedback as ailhouette, and its affordance of a more playful form of interaction, as
anecdotally observed during the field experiment. To this end, the field experiment complemented the
findings in the laboratory study by extending the evaluation of visual concelptet@hases of the

interaction, particularly in retaining passershy for further exploration of the interface.

7.3.5.3 Interactivity and Playfulness of User Shadow

Another important finding from the laboratory study was ltheted interactivity communicated by
the user shadow, and the playful behaviour exhibited by the participants in the presence of their own
silhouettes. A similar observation was also made in the field experiment: passersby moved their limbs
and experimented with the display when their silhmsetvere present. This carrieder behaviour
provided evidence that the laboratory methodology was successful in simulating a commuting public

scenario, and therefore promoted similar types of interaction.

One caveat, however, w#e differentplacemenbf the Kinect device: it was placed on top of the
display and thusvasvisible as part of the displays opposed to at thadk of the experimental room
in the laboratory studythusshowing noconnectionto the display This difference resulted ia few
confused passersby trying to figure out the purpose of the display in the absence of their silhouettes

(underthe control and adaptivepsedonly conditions) andwill be discussedurtherin Section7.4.
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7.3.6 Limitations of the Field Experiment

This field experimenaddressed thissueof lower ecological validity of the laboratebased study

described inChapter 6by being conductedie i t u usi ng <¢hewivleshd i obhabkr Viati
study methodologies. Yethée majority of the passersby wergiversity students and staff, and a few

groups of vsitors. So while the findings we more generalizable than with recruited ipgrants in

the laboratorystudy, they could be further generalized to a wider demographic if the display was

depl oyed i n a ioncuckasfimpsebmomatl.d | ocat

Al s o, to maintain a naturalistic environment, r
during the study period, and interviews were not conductegitenlt was hoped that by providing an
online questionnaire and motiving its completibg a monetary return, some insights of the
perception towards the display could be gained to further verify some of the findings in the laboratory
study (e.qg., participants noticed the changes in the appearance of the user shadow in relation to their

own movements). However, due to the lack of responses, such information was not available.

In addition, due to physical constraints of the environment, the Kinect device being used to capture
passersbyods proxemics i nf or ma tof thendispay & thefeelsi t i one
experiment, opposite to the display in the laboratory study). As reported in the sections above, the
device did draw some attention from the passersby, and appeared to suggest and prompt some actions
known to be recognized byé device (e.g., waving). It also created some confusion when such
actions were not responded to (in Conditions 1 and 2 where no user shadows were displayed). This
might have confounded the comparisons between the studied visual concepts, giving itagse to t
absence of interaction effect, and fairly equal lengths of stay and occurrences of interactions. Another
consequence of the environmental constraints was that the deployment site was a busy passage with
relatively less space perpendicular to the displalyich might have limited the movements and
interactions exhibited by the passersby. On the other hand, the fact that the deployment site was a
common fAthoroughfarebo, and that a significant e

attracting ad engaging passersby shows the potential of these of these concepts.

Finally, as the focus of the study was the ability to draw attention and engage interaction, content
and its interactivity were kept minimal to the experimental factors. Hence, engagedspy could at
most play with the user shadows that mirrored their movements, and touch the images to reveal the
link and QR code to the online questionnaire. Without any further functionality to be explored or
utilized, passersby tended to lose integestker than one would expect (or hope) than at a real PLIS.
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7.4 Implications

Overall, the field experiment provided further evidence of the effectiveness of the studied visual
concepts in drawing passer sbyo6s ahotdiaghpovenp (to, and pi
retain passersby). The field experiment also provided some new insights into designing the interaction

and interface with a PLIS system, in terms of the physical setup of the system itself, and the use of

interface elements being preseahte the passersby.

7.4.1 Hardware Setup as Interaction Cues

The highly visible placement of the Kinect device hardware enticed a higher degree of physical
movements towards the display due to passersbyos
certain expectation of how the display would behave in response to the known interaction mechanism.
Failure to meet this expectation will create confusion and frustration, as evidenced in the field
experiment that passersby giving up and leaving when th@agdisystem did not provide any

indication of recognizing they actions (in Conditions 1 and 2 where no user shadows were presented).

The behaviour of passershy trying to trigger a response based on their understanding of a Kinect
device suggested that whedesigning the physical setup of a PLIS system, the technology can be
exploited aginteraction cuedo suggest interactivity. It is important to note, however, that the cues

must be followed hr ough i n the interface tngandexpeadtanr ce t he

7.4.2 Robustness of Display Equipment
In a study of conteneadabilityin a public displaySchmidt et al(2013)r e por t ed some ft ech

expl or at i smwherelpaskeshyiemgaged in swomtent driveractionssuch as inspecting
items attached to the display, and investigating behind the screen. Similar behaviouadswere
observed in the field experimend a point where some passersby tried to move the Kileedte or

went behind the display and predshe keyboard attached to the computemingthe application.

Physical designs for PLISs must consider passers
to withstand all forms of fitec hniospeatigntophyspll or at i on
explorations such as poking, or unwelcomed adjustments that might affect the way the system
functions. For example, touchscreens using reinforced glasses, cameras positioned behind protective

screens, could be used to increase the robustness of digpigynent.
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Another approach would be to support interaction that is less susceptible to impairment due to
physical contact . For instance, Aitouchlessd int
or a webcam), or voice activating inputs. Wever, as these interaction mechanisms are more

iinvisi bl eo, PLI'S systems must be designed to cl

7.4.3 Vitality of Visual Content

As observed in the field experimerat large proportion of passersby had their face oriciotedrds
the display (i.e. glanced the displagneaning that the content was visually conveyed for the majority
of the time. However, such glances tend to be very brief (a few se@ndx)st of the passersby did

not stop for the displays reported iprior work as well(Dalton etal., 2015; Huang et al., 2008)

The consistently brief glances without stopping, across this study and others, suggest that readable
and eyecatching visual content, for example, large and animated images, should be prioritized when
designing interface for PLISs. This is also a useful approach for PLISs that are intentionally

designed to be viewed briefly, for example, informational displays, and advertising billboards.

7.4.4 Extending User Shadow

The field experiment has provided ecological evidence imskeof visual concepts as a technique to
draw attention and entice interaction. User shadow was shown to be effective to draw attention and
retain passersby, and entice interaction (sometimes even playful) with the visible placement of

camera hardware.

A promising next step is to extend such shadow visualizations into a more sophisticated interaction
paradigm. For example, the shadow can be used later on in the interaction process as an assistive tool
to actively guide a user to interact with the contentpallow a user to perform virtual actions such
as manipulating virtual objects, or remote access to other displays. Whether this extended use of user
shadow could further facilitate passersby to carry through the entire interaction process, as described
in the DISCOVER interaction model, warrants future investigation.
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7.5 Chapter Summary

In this chapter, | have presented the details of the field experiment conducted in this thesis in
investigating the effectiveness of animated content and user shadowdingcthe motivation,
experimental design and implementation, as well as the analysis of the collected data. Due to the lack
of responses to the online questionnaire, it was not possible to gather participant perceptions of the
studied visual concepts tcaldate some of the findings in the laboratory study. However, the
attention drawn and playfulness that participants exhibited in the laboratory study appeared to be
carried over to the field experiment, suggesting that the laborbaémgd methodology sceeded in

fostering candid passerby behaviour from participants.

Moreover, the irsitu nature of the field experiment provided ecologically valid evidences in other
aspects of the interaction process. For example, how the visibility of technology impaateds er s by 6 s
behaviours and expectations, how the studied visual concepts affected the holding power of the
display, and how the interaction proceed into later user states as described in the DISCOVER model.

Finally, in contrast to individual interaction the laboratory study (conducted for each participant
separately), the field experiment encompassed both individual and group interaction with the display.
Besides more elaborate actions from individuals, variation in group dynamics (acquaintances versus
strangers) was observed, thus broadening the findings in this thesis, and providing additional insights

and implication into the design of interactions and interfaces for PLISs.
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Chapter 8

Di scussi on

This chaptesummarizeshe lessors learned and findings from tretudies® described in Chapters 5,

6 and 7, and discusses the limitations of the approach taken in this thesis, in terms of the methodology
itself, as well as the technological shortcomings. A set of design impiisand recommelations is
alsoprovidedasreferencdor the design oPublic Large Interactive SurfaceBL(SS.

8.1 Summarizing Study Findings

Using a combination of laboratory and field experiment methodologies, the previous three chapters
examined the interaction process with PLI$srticularly its early stages including drawing
passersbybés attention and enticing them to int
guantitative evidence that corroborates prior research, and provides new insights into the perception

of the sysem, as well as the utilization of the proxemics theory to the interface and interaction design.
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Figure 8-1. The DISCOVER interaction modd helped direct the focus of thisthesis to the
opportunistic application of PLISs, as highlighted in the region bounded by dashed lines.

¥®Unl ess otherwise specified, #flaboratory studies 1 &
in this thesis (Chapter 5 & 6 for laboratory studies 1 & 2, Chapter 7 for field experiment).

139



As discussed in Sectiod7, the DISCOVER interaction model cabe applied to the design and
evalwation of PLISs in multiple waysThis chapter uses #s a framework to situate the discussion.
Figure8-1 shows the region of DISCOVER corresponding to the stahteddpportunistic application
category.By separating the interaction into user states, it was possible to select and evaluate desig

concepts in terms of their effectiveness in facilitating individual transitissliscussed below.

8.1.1 Notifying Passershy

The first tansition in DISCOVERS to transition amnknowingpasserby to beingotified Based on
psychology and vision study litgiure (Sectior2.6.7), low-level content motion(speed changegnd
highl e v e I-b afil ol dod u s ,eboth corhbénedowitts the proxemics theowere appliedand
evaluated i n t hiesponseh feomiths laborBtary stiiincicaied thabdslidguser
shadowdo content motiorwas effective in drawing their attentiofSection6.4.2. Content motion
on the other hand, was only marginally effectineitself, and wasypically overlooked due tits

discrete changes, as well ase presence of the more visually prominent user shadows.

Thoughthe online queBonnaire created in the field experiment could not be tisddvestigate
how unknowing passersbyds attenti,teavideosasalyssr awn t o
and observation made in tfield experimentevealeda role played by thaurfacé bardware setup
in notifying passersby: theppearancef thesurfaceand the placement of the Kinect devaggpeared
to drawmanyglanceswhich isconsistentvith prior studies(Dalton et al., 2015; Huang et al., 2008)

8.1.2 Intriguing Passershy

The favourabletransition following anotified passerby is to have them becomg&igued Both the
progressively slowing down of ¢hcontent, and increasing visibility of theer shadowin relation to
proximity were designeds stimulito intrigue and invite passersby to approach and interact with the
surface Par t i c éegback form ¢he Iaboratory studiesvealeda sense of famdrity of the
images (recognition df h e  u n iphotos),sandt sgndesof ownership (recognitiontlbé shadows

as their own) and playfulness with the user shaddasatorystudy 2,Section6.4.4, suggesting

that passersby could be notified antitigued by theestudial visual concepts

The ability to intrigue passersby can also be reflected by the holding powersoirties(Section
7.3.1), as hey would not stay if thelgad no interest in it. In the field experimembth visual concepts
were shown to be effectiva iretaining thepassersbyver the control conditigrwith user shadows
having a stronger impact.
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8.1.3 Inviting Passersby to Explore

The previous two tragitions are related to an oft@bserved design challenge in PLISksplay
blindness (passershmot aware of thesurfacg. Another oftercited challenge for PLIS ditzation is
interaction blindnesswhere passersby do not know thafaceis interactive(Ojala et al., 2012)
Results from the laboratory studissiggested that content movement did not communicate any
interactivity, mostly becausthe movement itself was naticed from the beginning. In contrast,
use shadows appeared to help indicateneinteractivity (Sectior6.4.3, which corroborates prior

work using silhouettes but withoahy proxemics respons@diiller et al., 2012)

The field experiment provided a clearer picture of how passersby exploresutfaee As
discussed in Sectio7.3.3 some passersby went beyond mere staying and looking (STARE,
GLANCE), and started touching, waving and/or moving their limblesurfaceto experiment with
the system(TOUCH, SHADOWPLAY, SHADOW-REACH, MOVE). According to the field
observation, hese actionsppeared to be largelyausedby the passersby recognizing the Kinect

device, antbr seeing their silhouettes on tharface

8.1.4 Facilitating Discovery

Due to the focus on early stagesimraction in this thesis, and time and technological constraints,

the interaction design of the application used in both the laboratory studies and field experiment was

kept mini mal. I n the | aboratory s taomrase(studyl),nt er ac
contentds motion (studies 1 and 2), and user sh
the surface. User shadows (study 2) were al so

mirror reflection. In the field expament, an interaction mechanism similar to study 2 was used, with

the additional touch interaction afforded by the floating images.

As a result, the intenddnteractivity was simplenovements in front of theurfaceand touches on
the imageswithout more involvedinteractionmechanismssuch a user shadows affecting image
trajectories, or multouch manipulating thalisplayed contentThe laboratory studies and field
experiment therefore providedtle indicationof the intended interactivity. Oneather unexpected
finding from the field experiment, however, was that after recognizing the Kinect device, passersby
tended to perforrmore limbmovements that were commonly known to be sensed by the danite
less forward/backwarthovements that wasart of the intended interactivityn the absence of visual
feedback Conditions 1 and 2 in the field experiment where no user shadows were preserd

passersbyppeared to givep andthenleft, as discussed in Secti@n3.3
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8.1.5 Facilitating Transitions with Studied Visual Concepts

The above findingsuggestthat tser shadows mirrong passesbyd snovementswvere effectivein
facilitating favourabletransitions along the interactive process, as depictétigure 8-2. Adaptive
speed, however, often went unnoticed and hence was less effective. In addition,thavifigect
device visible (recognizable hardware) llgiraw a lot of attention and instilled expectations of
interaction types (limb movements), to a point that when passersby did not see any visual feedback

response to their movements, they becanmdused, frustrated, and eventually left.

Favourable transition ——»

Unfavourable transition ==-=----- >

User Shadow visibility changesv’
Adaptive Speed changes v'(less impact)
Recognizable hardware v’ User Shadow mimics

User Shadow v s \

Adaptive Speed
v (marginal)
Recognizable hardware v

passerby movements

NOTIFIED INTRIGUED EXPLORING cee

1
Adaptive;'Speed

p changes/unnoticed
1

Showing only photos of
university buildings

FRUSTRATED

i
1
|
1
1
!
\
\
\
iy

No apparent visual feedback
(silhouette) after waving at the Kinect
device

Figure 8-2. A summary of the effectiveness of studied visual concepts facilitating differer
transitions along the early stages of the DISCOVERnteraction model. Later stages of the
model were not studied in this thesis and hence are not included.

Limiting application content to only photos of the university had both favourable and unfavourable
impact in transitioning passersby to tindifferent & withdrewstate. As indicated in the laboratory
studies, these photos were easily recognized, and were quickly determined as irrelevant content, or

content without interesting properties by some participants.

8.1.6 Corroboration of Prior Research

Most existing studiesoRL | Ss have be-thewiclodndd u cwheedr efiisny st em usage
is observed at the deployment site; with a few laboratory studies evaluating the effectiveness of
specific design elements. The study and experiment findings in this thesis hdveemrand

provided further evidence in many of these areas, as detailed below.
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1 Honeypot effecti In the field experiment, passersby often glahoestarel at thesurface
when someone else was already interacting wjthitt aki ng a (Rirkepetalt at or 0
2008) Somepassersby who were using th@faceeven called their friends to join.

9 Brief glancesand less freuent staresi In the field experimenta glance (head turn
without stopping)wasthe mostobservedorm of interaction with a significant drop ira
stare(stopped and lookedc.f. Michelis & Miiller, 2011) This could bedue tothe surface
being deployed at frequently commigd location, and the use of universitphotcs that
quickly transitioned mangassersby into theadifferent & withdrewstate.

1 User shadove drew attention and enticel interaction I The user shadow (silhouette
mirrori ng peopl e dusedimthistieesisavastinspired by art installationssing
shadows as conteiKrueger, 1991)and recent work by Miller et g2014, 2012)using
shadows to communicate interactivity in pubdicrfaces. The findings in the laborato
studiesand fieldexperimentvere consistent with that gfior work on he effectiveness of
user shadowindr awi ng passersbyodés attention, and f
in retainingpassershys at t ent i o n Feadbatkromrihg &almpmtoreg study2
suggested that passersby recognized the user shadows as their oas\phsédrved in the
field experiment often ended up interacting with them and exbibiexploratory

behaviours (also reported in a recent work by Tomitsch @l4)using a skeletal setup)

8.1.7 Design Insights

The combination of laboratory studies and field experiment in this thesis also offered new insights
into the usage of PLISs for oppanistic applications, as opposed to tasiented applications where
passersby approached with a task in mind. Such usage puts the onus on better drawing the attention of

passersby and enticing them to interact.

8.1.7.1 Go Beyond Honey-pot Effect

Although thei hompe®y 6 ef fect was observed in the field
designed to facilitate such effect, it is important to also consider other techniques to draw attention.
This is bec-pose ehéedhoneV i dhere areadypate pdomd ugingthe wh et
system, meaning that a PLIS has to at least be able to draw the attention of a passerby to start the
effect. Also, in cases where foot traffic is frequent, passersby do not expect themselves staying for

long, and are leslikely to wait until the existing user withdraws to start their turn.
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As illustrated in this thesis, visual content that can be recognized immediately is a very helpful
means to draw the attention of a-pmpafesterethhs, hence
perception is not equivalent to completely understanding the content. Passersby could be notified and
intrigued by the presentation of slightly fAmyster
curiosity. Expanding on thislea, audio cues, such as a distinctive sound effect, or a short phrase,
could also be used to draw passersbyodés attenti on

8.1.7.2 Managing Expectations

After their glance, thepassesby should havea perception of the displayed content dmalve

formulated an expectation towards tkerface Some research hags e c o mme nd e d Ai mmed:i
apprehendabilityo, where people wildl wuwfdcer st and
almost immediately anevithout conscious efforfAllen, 2004; Peltonen et al., 2008Yet, some

othersr ecommended fengend e resulisgof an actiofReavéstetyab, 2009 hi di ng

using metaphoréHinrichs et al., 2008)

The studies in this thesissed photos of the university as the main content to provoke familiarity.
Feedback from the laboratory studies indicated that the participants recognized the photos and formed
a variety of expectations towar dos, tfAhmea kseu rsftaucdeednst sr
positiveo, and AUW propagandao) . On the other ha
generic unexpected content that did not carry any information, resulting in curiosity and playful
exploration. These results demonstratieat both kinds of expectations could be used at the same

time, leading to different types of reactions from the passersby.

8.1.7.3 Proxemics as On-set Triggers

With the ability to sense passersbybés proxemics a
surface someresearch hadiscussed using such informatiém determine thevay (e.g., levels of

details) content is presented on theface(Marquardt & Greenberg, 2012; Wang et al., 20E2)d

making sense of user intentiviogel & Balakrishnan, 2004)

This thesis used proxemics to control the visual appearance of the content on the surface, so as to
convey the conceptgfr oxi mity and the surfacebs responsivene
passersby to approach the surface. Yet, the laboratory studies showed that not all changes could be
observed (e.g., speed change of images). This might be explained by theisathkelement (user
shadow) domi nating onebs visual attenti on; and t
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distance threshold was crossed, requiring constant attention to the surface. Thus, while applicable as
an interaction mechanism for PLISseuof proxemics on multiple visual concepts has to be carefully

designed to be observable and to avoid competing feedback cues.

For example, continuous proximity mapping could first be applied to the dominatindekiih
visual elements to draw unknowipga s ser sbhy 6s attention. Then, when
surfaced6s content, discrete pr-evelivisualtlgmemsa@g,i ng C
speed, contrast) of the content to further direct intrigued passersby, and gmderther along the
interaction process with PLISs.

8.1.7.4 Visible Technology as a Technique

PLISsareof t en consi der edi @agysteisuab they aré designesl to beousea astpart
of our everydg lives (Weiser, 1999)One main concept of ubiquitous computing is that such devices
shoul d be mad eirpiesence ik notbbe roliced@. &. Noriman, 1999b)However,

this might not bapplicabletd® L1 Ss, especially when passersbyds

As observed in por work, and in the fiel experiment pas s er s bvas@mwnady theent i on
presence of the technology (e.g., cameras ancqioop inSchmidt et abs Scr €2018f i ni ty
digital whiteboard and Kinect devide this thesis), whe@ven tried to interact with.ifThis indicats
that making the technology visible could be an effective technique in drawing attention, and even

communicate interactivity.

8.2 Design Principles and Recommendations for PLISs

Based on the findings discussed in the previous sectionsgédgign principles are derived in this
thesis for designing an effective PLIS system. A number of design recommendations are then
established illustrating these principles. While targeting attention drawing and interaction enticing,

these recommendationsalfacilitate other transitions along the interaction process with PLISs.

8.2.1 Design Principle One i Immediate Recognizability

Incontrast 0 A i mme dén atad ietngh@sigedin prior work (Allen, 2004; Peltonen et al.,
2008; Seto et al., 201,2his design principléocuses on the quality of making a passeatmare of
and discern the system quickly. Instead of completely apprehending everythisgrfdeehas to
offer, thepasserby only needs to recognize some of the features sifirflaee for example, a camera
(commonly known to be able to track people), or a frame that looks likeotiakersof a tablet.

145



This principle allows a wider range ofbadtltsrobacti o
(eg., a physical robotiband(Ju & Sirkin, 210), curiosityprovoking artifact{Houben & Weichel,
2013) and Adisplay of technfodwmmbion ghedteriaredd thep | oy e d

system to simple primitive shapes and symbols.

8.2.2 Design Principle Two i Appeal to Agency

Reflecting on the use of user shadow in publidace in prior work(Mdller et al., 2014, 20123nd

this thesisits effectivenesscomme f r om p a s s e rthathhgs@riaceis respdnding their o n

own actions This perceptionof agency defined as the sense of havin
including the subjective experience of action, control, intention motor selection and the conscious

ex per i en dBanke & Metzinget, 2009, p. 7/has roots in virtual embodimeliNowak &

Biocca, 2003)and has beesuggestedo be an effective technique in relating people to a system

when increase@Coyle et al., 2012; Teras, 201BLIS desigrs shoulda p p e a | to passersbybd

toi ncr ease pasessethesebyebtising them taibteradt.

8.2.3 Desigh Recommendations

The following recommendations illustrate the above two design principles using existing work and

the findings in this thesis as examples. They can be used individually or in any combination.

8.2.3.1 Use Recognizable Technologies for Interaction

The hardware used in tisarfacecould be presented explicitly and quickly recognized by passershy.
For examplea multitouch surfacethat looks like an Apple iPathblet (with a round button at the
bottom and a uniform margina motionrsensingsurfacethat has a camera clearly visib{a
configuration advertised for Microsoft Kinecdnda crossdevice surfacethat has a smalurface
placed in front of thesurface(a configuration used in Opinioniz€¢Brignull & Rogers, 2003and
Dynamo(lzadi et al., 2003)

This showing of technologies will better communicate the form of interaction supported by the
surface, thereby instilling confidence in using it. However, designers should understand the context
and the target audience of the surface, so as to choos@shearognizable technologies and match

the interactivity with their corresponding interaction mechanisms.
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8.2.3.2 Make Technologies Visible

There are cases where the technologies might not be easily recognized, for example, the target

audience has a wide range lzdckgrounds, the environment does not allow the use of the more

recognizable technologies, or the technologies themselves are novel and thus not widely known. In

such cases, technologies could still be made visible to evoke curiosity from the passeyabi, the
use of lowlevel stimuli, such as light, animation, and recognizable shapes in the software application.

For example, Vermeulen et §2015)explored novel interaction techniquesngsthe floor in front
of the surface To guide its users through the interaction procéss authors uskbright LEDs and
animated patterns to make the technology (interactive floor tiles) visipleé demonstrated the
expressive power of this design imnemunicating proxemiegelated interactionln contrast to
suggestions where technologies should be immediately apprehen@ddliele, 2004) there is
evidence in museum studies suggesting that novelty anderppkstle s s woul d better

attention(Sandifer, 2003)ard might therefordbeworth incorporating into the design of PLISs.

8.2.3.3 Provide Meaning to Exploratory Actions

A PLIS should consider initiaéxploratoryactions for examplepoking thescreenwaving of hands,
as part of thenteractionprocess|t shouldalso provide meaning to these actioggch agouches

generateipples(Wigdor et al., 2009)and virtual contourbounce balls aroun@ller et al., 2012)

At the stageof drawing attentiorsuch meaning does not have to be completely relevant to the
contentbut shoul d r ai s aendbraens efiplaylulpedss whiblave bheeshawn tp
lead to further exploration arndteraction(e.g., Houben & Weichel, 2013; Tomitsch et al., 2014)

8.2.3.4 Provide Immediate Visual Feedback

A PLI'S should respond to passersbyds actions

seen upon a brief glance, and preferably appealing to the perception of agency. An example is the

user shadows mirr or iaktime ipthistless; tsus gréating aasentse obagency.i n

As pointed out by Mitchel{1993) the perceptiof agency can bachievedy kinesthetievisual
matching (correlating own motion to the visual feedbaekid appearance matchinge€ognizing
resemblance between an image and onedéti)eover, Nowak & Bioccgd2003)suggested thahe
virtual representation did not have to be highly anthropomorphic (very hlikedrior perception to
ocaur, andwas later confirmed by Muller et gR012)that a simple silhouette was as effective as a

detailed mirroiimage, thus allowing more freedaminendesignng virtual representatiain PLISs.
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8.3 Lessons Learned from Applying DISCOVER to Study Designs

Another contribution of this thesis is the study methodologies that were employed. Through applying
the DISCOVER interaction model to the design of the laboratory studies and field experiment, this
thesis was able to evaluate the effectegmnof visual concepts at the early stages of interaction. This

section describes the design process involved and how it can be extended.

8.3.1 Study and Experimental Design

The DISCOVER interaction nael made it clear that a padsgibegins with amnknowingstate. This

realization necessitated the use of the experimental deceptidhe laboratorsbased study

methodology detailed i€hapter 4The ke idea of the deception task used in thethodologywas

to prepare the participant in thigate by omitting any mentioof the surface prior to the study

Further mor e, the inclusion of a fimobilelndeviced a
the four criteria of a deception task for threethodology simulated one of the toughest scerario

where the attention of a passerby was almost entirely directed away freorfims.

Feedback from the laboratory studies suggested thabiberimental deception was successfully
conducted, as none of the participants expressed suspicion nor discomfort; while most were able to
provide responses and suggestions that were useful for understanding their perception towards the
surfaces. In addibin, the laboratory setup helped lower the setup time and effort, while maintaining a

high control over study environment and precision in results.

Similarly, the field experiment was designed with the goal that passersby should not be artificially
notified by the conventional field experiment methodology, which required signage indicating a study
was in progress and video was being recorded. Fortunately, after several procedure iterations with the
uni versityds ethics of fi evedwithtcaréfud cargesagbsitionings(sor es p e ct
faces of interacting passersby would not be seen) aneimbt signage.

Using a combination of computer logs, video recordings, and field observations, the field
experiment successfully captured the natural belavof passersbyn the presence of a PLIS.
However, as mentioned in Secti@rB.6 the online questionnairpresented as a link on tiserface

was unsuccessful igicitingp a s s e pesdptjoh, and required a better method of presentation
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8.3.2 Questionnaire Design

As explained inChapter 4and detailed in AppeticesB.6, B.9, andB.10, the questionnaigeused in

the laboratory study were designed to biattilitate the exprimental deception (by asking probing
guestions), and el icit participantsé feedback
examplejn the firstpostexperiment questionnaire (Appendx6), participants were asked questions

i nc | uditiyougotide the content in the [large/small] display where you were watking®ai

do you think you can do with the [large/small] display? am ybu think ofany displays are
interactive® And i n t hegperisnent questionnaire\gpendix B.9), participants were
asked que st ipleasesindicatechbwindutkecky of the displays (small and large) drew

your attention[é ]0 , plaade indlicate how interactive do you think each of the displays (small
and large) waé These questions had dirg@rallels to the transitioning of passersby toNagified

Intrigued, andExploringstates as described in DISCOVER.

The ability to ask these questions enabled direct evaluation of the attraction power the surface had,
and its ability to communicate interactivity to its potential users, which may not be avaiable
traditional observational studies.

8.3.3 Facilitating System Evaluation and Inspiring Future Work

Using the DISCOVERnNteractionmodel as a guideh¢ questions asked the questionnaires allowed
a systematic evaluation of the visual concepts in the studiesprovided a framework to compare
the results from related worlEor example,in Section6.4.3 questions asking specifically about
interactivity were used to ompare to prior work evaluatingteractivity communication(Muller et

al., 2012) which corresponded to transitioning passersby t®theoveringstate.

In addition, the separation of user states addlowed finer evaluationn the earlierinteraction
process.For example, s illustrated in Sectiory.2.5.3 the user states were used to develop the
annotationschemein the videecoding process. These states were represented by observable
behaviours such as hetns, glances, and touches, which were also used in similar work in

evduating PLISs via field studieand therefore producing comparable results.

Lastly, other parts of DISCOVER have also inspired future work in the study of PLISs, both

regarding this thesis or the area in general, as discussed in the next chapter.
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8.4 Limitations

Although PLISs can biestalledverticaly as well as horizontdy (or tilted), the hadware used in this

thesis wasgeared towards vertical orientation. Therefore, much of the findings and design
recommendations are directed towards vertically installed PLigsaght not beas applicable to

other configurations. For example, the recommendation of providing immediate visual feedback
(Section8.2.3.4 assumes passersby see the viseadltback at glance even from afar, which is not
always possible for horizontahstallatiors as they will be blocked from wiewhen someone is
interacting. Yet, ame other recommendations, for example, using recognizable technologies, are less

prone to vamtion in orientation, and would be applicable for most PLISs.

Due to the limitation in tracking technologies, detailed proxemics information, such as head
orientation, and gaze direction, were not available during the study. The interaction and interface
therefore could not make use of such information to provide more refined responses to further
demonstrate the design recommendations made in this thesis. However, findings in this thesis using
basic body tracking, and other work using similar technologiesadvanced prototypes, have
demonstrated the potential of using proxemics as a means to attract and engage passersby, and would
guide its usage when more advanced tracking technologies become available.

The studies conducted in this thesis began with tumds of laboratorpased studies (studies 1
and 2), each recruiting about 30 participants from within the university, then ended with a field
experiment where no participants were explicitly recruited, resulting in close to three thousand
tracked bodiesand within which about one thousand vidmmled passersby (additional effort was
made to manually filter out repeated passersby during the video annotation process). Since all these
studies were conducted within the university campus, the demographie stutties was limited to
university population, such as, students, staff, and occasional visitors. While this still covered a range
of education and cultural backgrounds, readers should also consider work with other demographics

(e.g., pedestrians, musewnsitors) for a comprehensive understanding of the literature.

8.5 Chapter Summary

In this chapter | have used the DISCOVER interaction model as a framework to summarize the
findings in this thesis, leading to two design principles and four illustrating destgmmendations.
I have also discussed the lessons learned from the process of applying DISCOVER to the study

design and evaluation methodology, followed by a reflection on the limitations of this process.
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Chapter 9

Conclusion and Future Work

Motivated bytheneed o capture passershbyodés attensociay, and
inhibiting interaction experience at Public Large Interactive Surfaces (PLISs), this thesis has
identified and examined stages of interaction with PLISs, as well as desigptsoiineg facilitate the

early stages of such interaction (attraction and engagement). It has also developed and validated a
novel way to evaluate the attraction power of a surface design using experimental deception under a
laboratory setting. The resulb$ this research provide a knowledge base to inspire the interaction and
interface designs of PLISs, and to help evaluate and predict the effectiveness of such designs.

This chapterevisits the contributions of thibesis in order to confirrthat theobjectives stated in
Sectionl.1l.1areachieved It thenconcluces thethesis and discussesomising research avenues for

future research.

9.1 Research Statement and Objectives

As stated in theesearch statement ©hapter 1this thesis aimed to systematicathpdel, evaluate,

and design interactions féublic Largelnteracive Surfaces with a focus on drawing attention and
engaging interaction, thereby better informing the development of their interfaces, and ultimately
improving their utilizationThis statement was realized through a four step process that involved the

following objectives:

Objective 1 To establish a usaentric interaction modealescribing thanteraction process
with PLISscomplementary to existing modelsnd provide additional insights

for evaluating and designingteraction andnterfaces for PLISs.

Objective 2 To develop a laboratoflyased study methodologthat complementsthe
conventional ikhe-wild study methodologyallowing evaluation of interaction
andinterfacedesigns for PLISsand provide better experimentalontrol while

requiringlesstime and effort to setup.

Objective 3 To explore potential overarching interaction techniques that casdukto bridge

drawing attention and engaging interaction for PLISs.
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Each of these research objectives was successfully reached and demonstthgegravious
chapters. Moreover, the cumulative activities undertaken to achieve these goals have led to design
principles and recommendations for the overall designs for PLISs, particularly for drawing

passersbybs attenti on thenwirintalastingwitleit. system and enga

9.2 Contributions

This research builds on previous research in classic usability research, traditionaicloumparer
interaction, and social science theories, and contributes additional knowledge to these fields for the
designs 6r PLISs. There are three main contributions from this research, all of which deepening our

understanding of PLIS usage and, in turn, help us to understand how to design for future PLISs.

9.2.1 Modelling of Interaction with PLISs

By reviewing relevantiterature(Chapter 2 andvalidating through various studie€l{apter 5o 7),
this research has idefidid unique usage patterns of PLI8®&t arevery different from traditional
personal computing paradigmFor example, there are varidinds of social configurations within
users, and there exists a number of barriers in initiaimgmaintainingnteraction with thesurface.
This research focused specifically on understandiagstages of interaction and ragnmarized the

findings in a model represented as a state diagram (the DISCOVER interaction model).

DISCOVERdistinguishes itself from existingiodels by expanding the eadtages of interaction,
incorporating favourable and utiavourable transitions, and identifying two typical application
categories of PLISdts use of cognitive mental states also allows the model to be less eamtext
techndogy-dependent, and therefore more transferrable and applicable to other existing or emerging
technologiesApart from identifying interaction stagd3|SCOVER can be applied to four aspects of
PLIS research: to focus existing usability design guideligestion3.7.]); to synthesize existing
interaction models (Sectia®7.2; to perform gap analysis on existing work (SectBon.3; and to
evaluate existing and future PLIS systems (Se@&i@r).

The model has proven its utjlibty helping evaluate related work, and the design and analysis of
the studies conducted in this thesis. It is expected to be useful for other researchers and practitioners

in a similar manner.
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9.2.2 Methodology to Evaluate Existing and Future Designs for PLISs

Using DISCOVERas a template, and reflecting aiser study methodologies, this research has
developed a laboratottyased study methodology for evaluating existing and funisraction and
interface designs for PLISs, focusing@raluatinghe attractiorpower of thesurface(Chapter 4.

This laboratonb ased study methodology is motivated by
thewi | d o0 tudiédexperimerdswhich are frequently used in PLi®search for their ecological
validity. However, as pointed out fBection4.1, they trade generalizability and control for liem,
and require significant time and effort to implement a fully functional system for deployitent.
methodology in this thesis was widoped to addresstheselimitations The keyaspectof this
methodology is the use of experimental deception, which hides the purpose of thecsavdyuate
attraction power) with a deception taglyy comparingthe study results using this methodology with
results from existing research, this methodology was shown to be a valid means to evaluate PLISs.
Moreover, vith the carefully designed questionnaires in different phases of the studghdavismto
beabletd urt her el i ci t p ards$thecdesprghus pravidipgensights fhatare n t o w
not easily available in traditional field studies

It is important to highlight that this methodology is designed to complement thestatilished
Aitmewi | do field study/ ex ppgrovidinge nomprehensie ordlerstanding , t h«
in PLI'S usage, and a tool to evaluate potenti al

engaging interaction.

9.2.3 Report and Analysis of Interaction Techniques

This thesis has repodea series of studies pilot laboratory study(Chapter % an improved
laboratory study(Chapter §, and a field experimen(Chapter 7, to examinethe effectivenessf
several visual concepta drawing attention an@&ngaginginteraction These concepts incorporated
the proxemics theory first proposed by HEIB66) and lateradapted for interactive surfacdoy
Marquardt & Greenbegr(2012) The pilot laboratory study begamith two visual concepts:

1 Adaptive Speed Speed of content (virtual Pastnotes of quotes) decreases in a stepwise
manner when a passerby approaches the surface.
1 Adaptive Contrast Contrast of content (virtual Pesgtnotes of quotes) increases in a

continuous manner when a passerby approaches the surface.
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Based on the key findings, the improved laboratory study replaced the two visual concepts with:

1 Adaptive Speed Speed of content (photos of the university as images) decreases in a
stepwise manner when a passerby approaches the surface.

1 Adaptive Speed with User ShadbBpeed of content (photos of the university as images)
decreases in a stepwisemmar, accompanied by appearance and increasing contrast of a
user shadow in a continuous manner, when a passerby approaches the surface.

1 Adaptive Trajectory with User Shaddéwirection of content (photos of the university as
images) movement changes (todsthe passerby) in a stepwise manner, accompanied by
appearance and increasing contrast of a user shadow in a continuous manner, when a

passerby approaches the surface.

The findings have demonstrated the effectiveness of user shadaoasnring attentionand have
led to a more rigorous field experimentatiortwd visual concepts: adaptive speed, and user shadow.
With a combination of qualitative and quantitative analyegas found thaboth adaptive speed and
user shadowspeed of content decreaseca stewvise manner, andppearance of a silhouetia the
surfaceof a passerby with increasing contrast poximity increaseflwereeffective visual concept
i n drawi ng piensretaningtheyndaad eatitingenntointeract. It was alsdiscovered
that the use shadovg evoked curiosity and playful actions from the passersby, demonstrating

potental enhancements in this concépfurther facilitatanteraction, as discussed in Sectib4.4

Summarizing the fidings, two design principleswetee vel oped specifically

attention and egageinteraction ¢letailed in Sectio8.2.1-2):

1 Immediate RecognizabilityFocus on making a passerby aware of and discern the system
quickly, instead of completely apprehending everything the surface has to offer.

1 Appeal to Agency Focws on providing a passerby with a sense of control and relatedness
to the displayed content.

These two design principles were illustrated as the following four design recommendations
(detailed in SectioB8.2.3:

1 Use Recognizable Technologies for InteraciidPresent hardware/software explicitly that
can be quickly recognized.
1 Make Technologies VisibleNovel or embedded technologies that cannot biyea
recognized could be made visible throughewel stimuli to invoke curiosity.
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1 Provide Meaning to Exploratory ActioiisConsider initial simple exploratory actions as
part of the interaction process.
1 Provide Immediate Visual FeedbacRespondtopaser sby és actions in t

feedback as quickly as possible.

9.3 Future Work

The results from this thesis suggest several directions that warrant further study. These directions
relate to further understand the role of interaction and intedasggns for PLISs, and point to
potential improvements to the study methodologies.

9.3.1 Exploring Other Techniques in Attention and Engagement

This thesis selected two visual concepts to study, namely, animating content speed and showing user
shadow. There idjowever, a wide range of visual concepts that can be employed. For example, the
content can be animated looming, zooming, and blinkin@~ranconeri & Simons, 2003)r using a

number of animation principtggJohnston & Thomas, 1995he shadow can be animated on its own
(Krueger, 1991)or even represents remote ugdfsiler et al., 2014)In a simpler manner, and if the
venue permits, surrounding | i gh entsion and guida thesro b e
interaction(Cremonesi et al., 2016; Pihlajaniemi et al., 2014)

Furthermoredepending on the contexdnvironment,and availability of the technologiesontent
can be presented in other senstmannels such as auditaapd everolfactory. For example, short
phrase or alistinctive sound can be played to draw the attention of a paséaukia et al., 2016)
and clanges otbecomesprogressively louder as the intrigued passerby approaches; a certain scent

can be projected to catch the attention of a pas¢Briayiford & Desrochers, 2009)

The advancement of display technologies (e.g., more responsive visuals), and variety of content

presentation channels, have opened up opportunities to extend the research conducted in this thesis.

9.3.2 Investigating Other Stages of PLIS Interaction

This thesis focused on the early stages of interaction with a PLIS system. Yet, as depicted in the
DISCOVER interaction model, there are later stages of interaction that warrant further investigation.
For exanple, how should the techniques used to draw attention be adapted to further the interaction,
and how should the interface signify completion of the interaction process and facilitate withdrawal.
Such research could also in turn be used to validate angjtsiem the interaction model empirically.
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Moreover, the earlynteraction stageare directlyrelatedto the opportunistic application category
of PLISs (Sectior8.6), emphasizing discoverability and understandability (Se@&i@r). However,
this emphasis changeshoththe taskoriented application categogndwhen a passerby engages in
the interaction, into learnabilitsgnd satisfaction.Further research is requit¢o investigate how the
interface should be designed to effectively promote these attrildsgn solutions may draw from
the user experiencéterature which focuses on us#revaluative judgment osystemquality over

time, instead of mostlinstruental and functional qualities of the systéfarapanos et al., 2009)

9.3.3 Multi-Person DISCOVER Encompassing Returning Passersby

Similar to other existing models, DISCOVER describes the interaction process between a PLIS and a
user. As DI SCOVER describes such process using th
single user. A naive way to addresstlinitation is to have multiple DISCOVERs in parallel, each

for a user. However, this approach is too simplistic and does not considgrergen interaction, for

example, an interacting person calling her friends over, who therefore do not needarshiened

to the Notified state by the system interface. A more refined approach would be to have additional
nonsystem interface transitions as entry points into the later states of the model, for instance, a
Adirect friendo6s atntriguedistate Alterativalyastate transitions coullhbeo t h e
more broadly defined to incorporate both system andsgstem triggers, such as social triggers.

Moreover, upon reflectingn the modelafter the field experimentseveral possible entry points to
DISCOVER could also beadded. In particular, the current model does not consider returning
Intrigued passershywho might be in a hurry and hent=avebefore any actual interaction occurred
(Section7.3.4. In the same vein, the current model does consider passersby wheave not

because the system interfdaded to promote interaction.

Therefore, while the current model successfully captures the majority of the interactiors proces
with a PLIS, it can be refined by including more transitions that connect to multiple instances of

itself, or describe other entry or exit scenarios.

9.3.4 Improving Study Methodologies

This thesis employed both laboratory study and field experiment methagolty evaluate the

attraction power of visual design concepts for PLISs. Besides modifications that could address the

limitations mentioned in the respective chapters (e.g., limited demographic, minimal interactivity of

content), additional work could lane to improve the variety, quality, and quantity of data collected.
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For the laboratorpased study methodology developed and employed in this thesis, experimental
deception was used to omit the mentioning of the surfaces in order to prepare the ptricigze
Unknowingstate. A similar approach can also be used to prepare the participants in other states such
as Notified (by directing them to the surface but omitting the purpose of the surfacefrxphating
(by telling them to interact with the surface but omitting the interaction mechanism). By beginning
the study with different states, researchers can quickly examine the effectiveness of the interface
design in transitioning the participants from the sthiaterest.

For the field experimenhethodology employedhithis thesisthe use of an external hyperlink to
an online questionnaire was not effective in encouraging passersby to participate in the survey, even
with potentialmonetary return Anecdotalobservations made during the studyealedthat some
passersby simply did not have anything to write down the hypedinkvere unsure about theRQ
code shown on theurface Two often employed strategies in PLIS resedoctcollecting such data
areto have onsite irterviews with a group gbassersbye.g., Peltonen et al., 2008hich tends to be
limited in size (typically a few doz@nand to have guestionnaire temporarily shown on thaface
upon interactiorfe.g., Kukka et al., 2013)vhich tends to be very simple (typically a few Likscale
guestionsf. One possible way to capture a larger sample size with richer information could be to
combine a sbrt questionnaire on thsurfacewith an invitation to participate in a longer online
survey, where passersby can choose to participate by providing contact information with a potential
monetary returnHowever, further work is needed to find a good batabetween quality and

guantity of the feedbadlGoncalves et al2014)

9.3.5 Incorporating Cross-Device Technologies

Much PLI S research, i ncl utdeimognebhhds i hhesast i dm,c
interaction happens in vicinity of the surface. When the passerby leaves the surface, the interaction is
concluded and nothing is taken away. This is partly due to the fact that most current PLIS systems
treat the surface as a staaldne, stationary installation, where all the technologies are installed

within the surface. The form of interaction is therefbmited to being direct and close in proximity.

20 These strategs were not used in the field experiment in this thesis because of the disruptiveness of having
passersby stopped to answer questions, to an interviewer or at the surface, as the deployment site was a busy
passage between classrooms and offices.
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As personal devices (e.g., mobile phones and tablets) are becoming more pervasive, it ig@ossible
consider them as part of RLIS system.Inspired by work in crosdevice interactiorbetween
personal deices and publicsurface (e.g., Echer et al., 2009; Luojus et al., 2013; Masuko et al.,
2015; Peltonen et al., 20Q07)have initiatel a project that includepersonal mobile devicess active
interactive components with PLIS(Cheung et al., 2014 his project usegersonal mobil@evices
as a means to overcorbarriers that hindedd a passerby to go through the interaction process with a
PLIS, by minimizing the effort required to initiate, sustain, and withdraw from such interaction

Extending this work, one can utilize credsvice interaction as a mea to raise attention and
engageinteraction For exampl e, usi ng?® mobile lagpkicationds e bec on st a
alerted as the device is close tauaface whichin turn notify apasserby, and provide incentive to
interact When the interaction concludes, the passerby
downloaing the contentThis is particularly useful in scenarios such as schedulk-upoin
transportation hubsway-finding in a shopping malland exploration of conténat a museum

installation,thereby providing betteand lastingutilization of PLISs.

Lastly, the crosslevice interaction mechanisms taxonomy introduced in Se2tihBfocused on
facilitating interaction with a PLIShusonly included interactiofbetween individual mobile devices
and the publicsurface Yet, by supportingdevicedevice and deviesurfacecontenttransfer (e.g.,
sharing and publishing comicsips (Lucero et al., 2012) PLISs could be used to facilitate within

and betweefgroup interaction, and be more effective in attracting and retaining groups.

2! http://www.ibeacon.com/whds-ibeaconra-guideto-beacons/Information webpage of the iBeacon
technology standard. Last accessed: 1 May, 2016.
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9.4 Conclusion

This thesis has provided @mprehensive understanding of passerby interaction with Public Large
Interactive Surfaces (PLISs), and has investigated the effectiveness of pregewgnsvisual design

concepts in drawing attention and engaging interaction. It has contributed tesdarch field by
establishing a versatile interaction model (DISCOVER), developing an efficient labdbatey

study methodology, and providing effective design principles and recommendations based on
empirical study results. In particular, the resultsén revealed the usefulness of using proxemics

driven user shadow as an interface component to attract, entice, and retain passersby, and have
suggested possible extension of such technique. Besides serving as a design reference, as discussed
above, this esearch opens up a rich and promising future for innovation and exploration in PLIS

research and practice.
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Appendix A
Labor a-basgd Bitaucy(iFRillsot)

A.1 Recruitment Email Sent to Graduate Students List
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A.2 Recruitment Poster Printed and Distributed around University Campus
Department of Systems Design Engineering
University of Waterloo

Participants needed for research in
Usage

Patt et mopso WNIadMipipl©Gan c at i ons

We are seeking participantsthepor mdobstd edpcemahowsdiaf f erce
patterns of typical tasks (e.g. looking up information
a smartphone, a tabl eats)e,r pgar tmoovd Ingr lays wlperm stetde t o r e ma
You wil |l be asked to perform a number of tasks with yo
bet ween sever al mar ked points, or standing still in a
i nfdrimam and about the study tasks.

Participants must be aged 18 or ol der

and have a mobil
of connecting to the

internet. A study session wi
Participants wil/ rce paitveon$10 for their par
The study wil!/ be held between January__ and Fq

Pl ease contact

Wii cctt corr. cChheeuunnggi@fiavig b e r Aoe . cat er est ed.

This study has been revhewsdchbgaramder ¢ e iowegdh

a Unive
Research Ethics Committee.
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A.3 Letter of Information Used in the Deception Phase

LETTER OF INFORMATION
Project Title: Usage Patterns with On-the-go Mobile Applications

You are invited to participate in a research project conducted by Victor Cheung, Joanne Leong and
Dr. Stacey Scott (Faculty Supervisor), conducted at the University of Waterloo Systems Design
Engineering Department. We will read through this letter of information with you, describe our
experimental procedures in detail, and answer any questions you may have. The research is being
funded by NSERC Surfnet Strategic Network.

This study aims at investigating how different on-the-go mobile scenarios affect the usage patterns of
typical tasks (e.g. looking up information, check status updates) on a portable device (e.g. a
smartphone, a tablet), particularly when the user is moving as opposed to remaining stationary. You
will be asked to perform a number of tasks with a portable device while being asked to walk between
several marked points, or standing still. The study will last up to 60 minutes.

Prior to the session, you will be asked to complete a questionnaire, including demographic and background
information. During the study, you will be asked to perform some tasks using your portable device

(e.g. lookup for general information from the internet). While performing the tasks, you will be video
recorded, and other data about how you interact with the surrounding environment and the interface

will be observed and recorded. You will also be asked to complete a post-experiment questionnaire
afterwards about the tasks you completed and your experience during the study.

You will be given a $10 honorarium for your participation. The amount received is taxable. It is your
responsibility to report the amount received for income tax purposes.

Your participation is voluntary. You may decline to answer any questions if you wighyou wish to
withdraw from participation at any time, please advise the researcher. Any data collected up to the
point of withdrawal will be destroyed. Should you choose to withdraw, you will still receive the $10
honorarium for your participation.

While you may not benefit directly from this study, results from this study may improve the
understanding of how on-the-go mobile applications are being used in different scenarios.
Applications of this work are in the development of user interfaces of mobile applications.

The risks to participation are no greater than what you experience day to day. You will only be using
typical portable devices and walking inside an experimental room. The only possible side-effect would
be tiredness and fatigue resulting from using the device to complete the tasks. To ensure that you do
not inadvertently stumble or walk into a wall or object while using your mobile device for the study, the
researcher, who will be with you through the whole study, will also spot for you and stop you if
necessary.

All information provided is considered completely confidential. Your name will not appear in any
publication resulting from this study; however, with your permission anonymous quotations during the
study session may be used. In these cases participants will be referred to as Participant 1, Participant
2, é& (oré)rP1, P2,

You will be asked to explicitly consent to the use of video and audio data captured during the study
for the purpose of reporting the studyoés findings.
used only for the purposes associated with teaching, scientific presentations, publications, and/or
sharing with other researchers. Participants will not be identified by name, and their faces will be
blackened.

Data collected during this study will be retained indefinitely in a locked cabinet or on password
protected desktop computers in the Collaborative Systems Laboratory at the University of Waterloo.
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We would like to assure you that this study has been reviewed by, and received ethics clearance
through a University of Waterloo Research Ethics Committee. However, the final decision about
participation is yours. Should you have any ethical comments or concerns resulting from you
participation in this study, please contact the Director, University of Waterloo Office of Research
Ethics (Dr. Maureen Nummelin, maureen.nummelin@uwaterloo.ca, 519-888-4567 ext. 36005).

Please retain a copy of the letter of information and consent form. If you have any questions,
concerns or comments about this research, please contact any of the research team: Victor Cheung
(v4cheung@uwaterloo.ca), Joanne Leong (jslleong@uwaterloo.ca), or Dr. Stacey Scott
(s9scott@uwaterloo.ca, 519-888-4567 ext. 32236).
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A.4 Consent Form Used in the Deception Phase

INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN A RESEARCH STUDY
Project Title: Usage Patterns with On-the-go Mobile Applications

| have read the information presented in the information letter about a study being conducted by
Victor Cheung, Joanne Leong and Dr. Stacey Scott at the University of Waterloo. | understand that |
will be participating in a research project using portable devices, and that | will be engaging in a study
of which the procedures and risks are described in the attached letter of information. | have had the
opportunity to ask any questions related to this study, to receive satisfactory answers to my
guestions, and request/receive any additional details desired.

Sometimes a certain image and/or segment of video recording clearly shows a particular feature or
detail that would be helpful in teaching or when presenting the study results at a scientific
presentation or in a publication.

I am aware that | may allow video and/or digital images in which | appear to be used in teaching,
scientific presentations, publications, and/or data sharing with other researchers with the
understanding that | will not be identified by name. | am aware that | may allow excerpts from this
study to be included in teaching, scientific presentations and/or publications, with the understanding
that any quotations will be anonymous.

| am aware that my participation is voluntary and that | may withdraw my consent for any of the above
statements or withdraw my study participation at any time without penalty by advising the researcher.

This project has been reviewed by, and received ethics clearance through a University of Waterloo
Research Ethics Committee. | was informed that if | have any comments or concerns resulting from
my participation in this study, | may contact Victor Cheung (v4cheung@uwaterloo.ca), Joanne Leong
(jslleong@uwaterloo.ca), or Dr. Stacey Scott (s9scott@uwaterloo.ca, 519-888-4567 ext. 32236), and
that if 1 have any ethical comments or concerns about the study | may contact the Director of the
University of Waterloo Office of Research Ethics (Dr. Maureen  Nummelin,
maureen.nummelin@uwaterloo.ca, 519-888-4567 ext. 36005).

Please Circle One Please Initial Your Choice

With full knowledge of all foregoing, | agree, of my own free will, to participatein  YES NO
this study.

| agree to be video and audio recorded YES NO

| agree to let the video recordings, digital images, or audio recordings be used for YES NO
presentation of the research results

Participant Name: (Please print)

Participant Signature:

Date:
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A.5 Routes and Tasks in the Deception Phase

WALKING SEQUENCE AND TASKS
Project Title: Usage Patterns with On-the-go Mobile Applications

Display in the middle (Large Display)

© W W

Display on the left (Small Display)

(10nuow) y3u ay3 uo AmdsV

D E F
A B C
For the Awith mobile devicedo condition:
1 Go fromAto G While looking up the contact info of a friend
2 GofromGtoC While bringing back the home screen
3 GofromCtol While opening up your calendar/organizer app
4, Gofromlto G While |l ooking up todayds agenda
5 GofromGtoD While switching off your screen
6 GofromDtoF While switching on your screen
7 GofromFtoC While rotating your phone into landscape orientation
8 GofromCto A While rotating your phone into portrait orientation
9 Go from Ato | While checking the current time
10. GofromltoC While setting your device in silence mode
11. GofromCto E While setting your device back to the previous mode
12. GofromEtoH While setting your device to airplane mode
13. GofromHtoD While setting your device out of airplane mode
For the Awithout mobile deviced condition, perform the
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A.6 Background Questionnaire in the Deception Phase

Background Information

Please fill out this questionnaire as accurately as possible. None of the information will be
personally linked to you in any way. Please do not write your name anywhere on the
questionnaire.

* 1. Participant ID (to be filled in by researcher):

* 2. What is your gender?
Female

Male

* 3. What is your age?
18 to 22
23 to 27
28 to 32
33 to0 37

38 and above

* 4, What is your occupation?

5. If you are a student, what degree and program are you in?

* 6. Have you used any portable devices before? If yes, please provide some
examples (e.g. smartphones, tablets). For each please also indicate where you will
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usually use them (e.g. at home, bus stops ...etc).
Location

Smartphones
Tablets

Other devices and locations

7. If your answer to Q6 is "yes" (skip if "no"), please indicate the how you would
perform the following tasks when you are moving:

| do not stop to perform it,
| just do it while I'm | stop from time to time | stop moving until the
moving throughout the process task is completely finished

Search for
information (e.g.
nearest
restaurant, bus
schedule)

Check status
updates (e.g.
Twitter, Facebook)

Send & Receive
messages (e.qg.
text, email)

Take photos

Change settings

Other (please specify)
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* 8. If you have performed a task on your mobile device while you are moving, please
briefly describe how you manage to divide your attention between the device and
your pathway.

Powered by
SurveyMonkey

See how easy itis to create a survey.
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A.7 Post-Experiment Questionnaire in the Deception Phase

Usage Pattern with Mobile Devices - Post Experiment Questionnaire

Post Experiment Questionnaire

Please fill out this questionnaire as accurately as possible. None of the information will be
personally linked to your in any way. Please do not write your name anywhere on the
questionnaire.

* 1. Participant ID (to be filled in by researcher):

* 2. How did walking while performing a mobile task affect the way you performed the tasks (in
terms of ease, time it took, ...etc)?

* 3. How did walking while performing a mobile task affect the way you walked (in terms of
ease, time it took, ...etc)?

Next

Powered by

SurveyMonkey

See how easy itis to create a survey.
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Usage Pattern with Mobile Devices - Post Experiment Questionnaire

We are also interested to see how your attention to your surroundings is affected during
mobile use.

Layout of the experimental room (for reference only)

Display in the middle

& ~ %\
(e) @/’ W, "’a’*s.%

Display on the left

* 4_Did you notice the content in the display (the middle board on the wall) while you were
carrying out your tasks with the portable device?

() Yes

() No

If yes, briefly describe what the content was

* 5. Did the display (middle board on the wall) affect the way you carried out your task? If so,
how?
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* 6. Did the display (middle board on the wall) affect the way you walked? If so, how?

* 7. What is your impression on the display (middle board on the wall)?

* 8. What do you think the purpose of the display (middle board on the wall) is?

* 9, What do you think you can do with the display (middle board on the wall)?

* 10. Which part of the display (middle board on the wall) do you find most appealing or
interesting?

Prev Next

Powered by
SurveyMonkey

See how easy itis o create a survey.

184




A.8 Deception Debriefing Verbal Script

RESEARCHERGO6S SCRIPT FOR VERBALLY DEBRI EFI
A DECEPTION STUDY (IN-LAB), USED WITH A POST-STUDY DEBRIEFING
INFORMATION/FEEDBACK LETTER
Study Title: Investigating Attraction of Animation on Large Displays

Researcherdés Script

Express appreciation to
participant for taking part
in the study.

fiThank you for spending the time helping us with our research. The research
team greatly appreciates your partid

Probe for suspicion.
(Optional)

AfiDo you have any guesses about what
interested in hearing any ideas you might have. Did anything seem strange or
odd to you?bo

Explain what participants
were originally told.

Al would now Iike to tell you a bit
that | gave you describes the details of the study. You can keep this copy. |
will go over the main points with you now. When you began the study, you
were told the purpose of this study was to investigate how different on-the-go
mobile scenarios affect the usage patterns of typical tasks on a portable
device. However, we provided you with information that misrepresented the
real purpose of the study. What this means is the study was actually different
than what we explained in the beginning. Some studies involve deception 1
that is, participants are lead to believe the study is about one thing when it is
actually about something else. This is one of those studies. Do you have any
guestions?o0

Outline the full
purpose/objectives of the
study and explain what
the deceptions were and
purpose of the tasks.

Provide participants with an explanation of and information on the:

a) full purpose/objective(s) of the study:

We are interested in whether a passerby, when commuting near an interactive
wall display, will be attracted to its interface with the use of animation in
response to their proximity.

b) background information on the area of research being conducted:

We hypothesize that, when used appropriately, animation is an effective
mechanism to attract peoplebds attent
vision. To be able to attract and engage users to an interface has been widely
researched topic in the field of Human-Computer Interaction.

c¢) deceptive aspects of the study, and measures, study tasks, and various
conditions:

In this case, we had to omit the fact that the interactive wall display that you
saw was trying to attract your attention, and we were assessing your
responses to various types of animation used in the interface, through video-
& audio- recording and notes taken by the researcher.

Explain why deception
was used in the study.

AThe r eas meedettbast deveption in this study was because we
needed participantsd6 behavior and at
we could not give participants complete information before their involvement in
the study because it may have influencedpar t i ci pant sé beh
would make investigations of the research question invalid. If participants

knew the objectives of the study before hand their behavior and attitudes may
have been influenced by this knowl eg

Summarize the full
purpose of the study and

Al woul d j-itemteafewthngs: t o r e
1. The purpose of this study was to investigate the effectiveness of
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which aspects involved
deception (e.g., use of
confederates, use of

false information, etc.)

animation in an interactive wall display interface in terms of attractive
passersbyb6s attention.

2. All the equipment we used for assessment has been mentioned in the
briefing, and there are no hidden ones throughout the study.

3. The experimental setup was to simulate an environment where a person
commutes between marked points, which includes the interactive wall
di splay and other displays in the

Express regret for
deceiving participants.

ifWe apologize for omitting details
information about the purpose of and tasks in our study. We hope that you
understand the need for use of deception now that the purpose of the study
has been more fully explained to you. Do you have any questions about

deception and why it was used in thi
Explain not all Al would |ike to assure you that mog
psychology studies does not involve the use of decepti(
involve deception.

AfiDo you have any questions or concer

Explain who to contact if
questions or concerns
arise about participation
in the study.

study? Would you like to speak with the one of the study investigators/faculty
supervisor about your concerns or questions? After you leave, if you have
guestions, comments, or concerns about the study or any feelings of
discomfort, please contact the study researchers or the Office of Research
Et hics. Contact information is on t

Explain reasons for not
discussing study details
with others and why.

AiThis study involves some aspects t
therefore it is very important that you not discuss your experiences with any
other persons who potentially could be in this study until after the end of the
term. If people come into the study knowing about our specific predictions, as
you can imagine, it could influence their results, and the data we collect would
not be useable. Also, since you will be given a copy of this feedback letter to
take home with you, pleasedonotma ke t hi s avail abl e

Reiterate details from
the information letter as
to how the information
collected will be
confidentially retained
and stored.

AfEven though this study involved de
confidentiality, data storage, and security still applies. All data collected is
confidential and securely stored at all times. No one other than the
researchers have access to the data. These details are outlined in the
debriefing letter. o

Explain why another
consent form needs to
be signed.

iBecause some el ements of the study
explained we have another consent form for you to read and sign if you are
willing to allow us to use the information that you have provided. This form is a
record that the purpose of the study has been explained to you, and that you
are willing to allow your information to be included in the study. Will you allow
us to use the i nf o[Resdrdha givesparticipgntpost- i
debriefing consent form to read and sign. Participant returns signed consent
form to the researcher.]

(¢

Conclude with an
expression of
appreciation.

AfWe really
interesting

appreciate your
experience for

particip
you. o0

q
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A.9 Deception Debriefing Letter and Consent Form

DEBRIEFING LETTER FOR STUDIES INVOLVING DECEPTION (IN-LAB)

Study Title: Investigating Attraction of Animation on Large Displays

(Usage Patterns with On-the-go Mobile Applications)
Faculty Supervisor:  Stacey Scott, Systems Design Engineering,
519-888-4567 ext. 32236, s9scott@uwaterloo.ca
Student Investigator(s): Victor Cheung, Systems Design Engineering, v4cheung@uwaterloo.ca

We greatly appreciate your participation in our study, and thank you for spending the time helping us
with our research. When you began the study you were told that the purpose of this study was to
investigate how different on-the-go mobile scenarios affect the usage patterns of typical tasks on a
portable device. However, the study was more complicated than we explained at the beginning. We
hypothesize that, when used appropriately, an
attention, even when in their peripheral field of vision. We are interested in whether a passerby, when
commuting near an interactive wall display, will be attracted to its interface with the use of animation
in response to their proximity.

Large, interactive surfaces have become a popular choice for content presentation in a public setting
due to their dynamic presence, and support for multiple users. One design challenge is to have the

interface attracting passersbyds attention. We

used to achieve that.

Throughout the study, while you were carrying out your tasks, we also assessed how you responded
to various types of animation presented in the interactive wall display, as to measure the
effectiveness of animation in the interface. In the remainder of this session, you will be asked to
complete a questionnaire for us to better evaluate your impression on the interactive wall display
interface. The information and answers you have provided earlier will be combined with your answers
to this questionnaire to form a complete participant response, so that we can better understand your
responses. The video and audio recorded, and other data collected earlier will also be included for
the same reason.

We could not give participants complete information about the study before their involvement

mati on

ar

becauseitmay have influenced participantsd behaviour

investigations of the research question invalid. The reason that we used deception in this study was
because we needed participantsd baelydhe study objeciivies]
particularly the knowledge about the interactive wall display interface trying to attract their attention.
We apologize for omitting details and for providing you with fictional information about the purpose of
and tasks in our study. We hope that you understand the need for deception now that the purpose of
the study has been more fully explained to you. We would also like to assure you that most Systems
Design Engineering research does not involve the use of deception.

We would just like to re-iterate a few things:

1. The purpose of this study was to investigate the effectiveness of animation in an interactive

wall display interface in terms of attracti

2. All the equipment we used for assessment has been mentioned in the briefing, and there are
no hidden ones throughout the study.

3. The experimental setup was to simulate an environment where a person commutes between
marked points, which includes the interactive wall display and other displays in the
surroundings.
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If any of the questions or exercises in this study caused you to feel uncomfortable, please feel free to
contact Victor Cheung (v4cheung@uwaterloo.ca). You can also contact my faculty supervisor, Stacey
Scott, at 519-888-4567 ext. 32236 or s9scott@uwaterloo.ca. Also please feel free to contact Dr.
Maureen Nummelin, the Director, Office of Research Ethics, at 519-888-4567, ext. 36005 or
maureen.nummelin@uwaterloo.ca if you have concerns or comments resulting from your
participation.

The information you provided will be kept confidential by not associating your name with the
responses. The data will be stored with all identifying or potentially identifying information removed.
Electronic data will be stored on a password protected computer in E2-1303B. Printed data will be
kept in a locked room in E2-1303B. The survey uses Survey Monkey™ which is a United States of
America company. Consequently, USA authorities under provisions of the USA PATRIOT ACT may
access this survey data. If you prefer not to submit your data through this platform, please do not
participate in this research study.

Because the study involves some aspects that you were not told about before starting, it is very
important that you not discuss your experiences with any other persons who potentially could be in
this study until after the end of the term. If people come into the study knowing about our specific
predictions, as you can imagine, it could influence their results, and the data we collect would be not
be useable. Also, since you will be given a copy of this feedback letter to take home with you, please
do not make this available to other persons. Moreover, because some elements of the study are
different from what was originally explained, we have another consent form for you to read and sign if
you are willing to allow us to use the information that you have provided. This form is a record that the
purpose of the study has been explained to you, and that you are willing to allow your information to
be included in the study.

We really appreciate your participation, and hope that this has been an interesting experience for you.
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POST-DEBRIEFING CONSENT FORM FOR STUDIES INVOLVING DECEPTION (IN-LAB)

Study Title: Investigating Atraction of Animation on Large Displays

(Usage Patterns with Gthe-go Mobile Applications)
(Navigating with the Help of Mobile Devices)
Faculty Supervisor.  Stacey Scott, Systems Design Engineering,
5198884567 ext. 32236, s9scott@uwaterloo.ca
Student Investigator(s). Victor Cheung, Systems Design Engineering, vdcheung@uwaterloo.ca

During the debriefing session, | learned that it was necessary for the researchers to disguise the real
purpose of this study. | realize that this was necessary since having full information about the actual
purpose of the study might have influenced the way in which | responded to the tasks and this would
have invalidated the results. Thus, to ensure that this did not happen, some of the details about the
purpose of the study initially were not provided (or were provided in a manner that slightly
misrepresented the real purpose of the study). However, | have now received a complete verbal and
written explanation as to the actual purpose of the study and have had an opportunity to ask any
guestions about this and to receive acceptable answers to my questions.

| have been asked to give permission for the researchers to use my data (or information | provided),
as well as the video- and audio- recordings, in their study, and agree to this request. | am aware that |
may withdraw this consent by notifying the Faculty Supervisor of this decision.

| am aware this study has been reviewed and received ethics clearance through a University of
Waterloo Research Ethics Committee and | may contact Dr. Maureen Nummelin, the Director, Office
of Research Ethics at 519-888-4567 ext. 36005, if | have any concerns or comments resulting from
my involvement in this study. By signing this consent form, | am not waiving my legal rights or
releasing the investigator(s) or involved institutions(s) from their legal and professional
responsibilities.

Participant's Name:

Participant's Signature:

Date:

Witnessd Name:

Witness6 Signature:
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A.10 Post-Experiment Questionnaire in the Reveal Phase

Attraction of Animation - Post Experiment Questionnaire2

Post Experiment Questionnaire

Please fill out this questionnaire as accurately as possible. None of the information will be

personally linked to your in any way. Please do not write your name anywhere on the
questionnaire.

* 1. Participant ID (to be filled in by researcher):

Layout of the experimental room (for reference only)

Display in the middie

(6 (H) (1) ﬁé}%

Display on the left

* 2_ Please indicate how much do you think each of the displays drew your attention while you
were performing the tasks WITH your mobile device.

Drew
Did not some of Drew my
draw my my full
attention attention attention

(0) (1) (2) (3) (4) (5) (6)
The display on the
left

The display in the
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middle

The display
(monitor) on the
right

* 3. Please indicate how much do you think each of the displays drew your attention while you
were moving WITHOUT using your mobile device.

Drew
Did not some of Drew my
draw my my full
attention attention attention
(0) (1 (2) (3) (4) (5) (6)

The display on the
left

The display in the
middle

The display
{(maonitor) on the
right

* 4, Please indicate how interactive do you think each of the displays was.

Did not Not Somewhat Very
pay interactive interactive interactive
attention  (0) (1 @) (3) (4) (5) (6)
The display on
the left

The display in
the middle

The display
(monitor) on the
right

* 5. Now that you know the real purpose of the study, do you have any particular comments
beyond your previous answers?
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Done
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Appendix B
Ladr at-mayed B$Mauwcy(ilarhpsr oved)

B.1 Recruitment Email Sent to Graduate Students List
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B.2 Letter of Information Used in the Deception Phase

LETTER OF INFORMATION
Project Title: Navigating with the Help of Mobile Devices

You are invited to participate in a research project conducted by Victor Cheung and Dr. Stacey Scott
(Faculty Supervisor), conducted at the University of Waterloo Systems Design Engineering
Department. We will read through this letter of information with you, describe our experimental
procedures in detail, and answer any questions you may have. The research is being funded by
NSERC Surfet Strategic Network.

This study aims at investigating how different forms of navigating instructions affect the way a person
arrives at a destination. You will be asked to walk between several marked points while being
provided with navigating instructions, verbally and/or visually. The study will last up to 60 minutes.

Prior to the session, you will be asked to complete a questionnaire, including demographic and background
information. During the study, you will be asked to walk between several marked points by following

the instructions provided. While performing the tasks, you will be video recorded, and other data

about how you interact with the surrounding environment and the interface will be observed and
recorded. You will also be asked to complete a post-experiment questionnaire afterwards about the

tasks you completed and your experience during the study.

You will be given a $10 honorarium for your participation. The amount received is taxable. It is your
responsibility to report the amount received for income tax purposes.

Your participation is voluntary. You may decline to answer any questions if you wishyou wish to
withdraw from participation at any time, please advise the researcher. Any data collected up to the
point of withdrawal will be destroyed. Should you choose to withdraw, you will still receive the $10
honorarium for your participation.

While you may not benefit directly from this study, results from this study may improve the
understanding of how navigating instructions are being used in different forms. Applications of this
work are in the development of user interfaces of mobile applications.

The risks to participation are no greater than what you experience day to day. You will only be using
typical portable devices and walking inside an experimental room. The only possible side-effect would
be tiredness and fatigue resulting from using the device to complete the tasks. To ensure that you do
not inadvertently stumble or walk into a wall or object while using your mobile device for the study, the
researcher, who will be with you through the whole study, will also spot for you and stop you if
necessary.

All information provided is considered completely confidential. Your name will not appear in any
publication resulting from this study; however, with your permission anonymous quotations during the
study session may be used. In these cases participants will be referred to as Participant 1,
Participant 2, é (or P1, P2, é).

You will be asked to explicitly consent to the use of video and audio data captured during the study

for the purpose of reporting the studyodés findings. | f
used only for the purposes associated with teaching, scientific presentations, publications, and/or

sharing with other researchers. Participants will not be identified by name, and their faces will be

blackened.

Data collected during this study will be retained indefinitely in a locked cabinet or on password
protected desktop computers in the Collaborative Systems Laboratory at the University of Waterloo.
The survey uses Survey Monkey™ which is a United States of America company. Consequently,
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USA authorities under provisions of the USA PATRIOT ACT may access this survey data. If you
prefer not to submit your data through this platform, please do not participate in this research study.

We would like to assure you that this study has been reviewed by, and received ethics clearance
through a University of Waterloo Research Ethics Committee. However, the final decision about
participation is yours. Should you have any ethical comments or concerns resulting from you
participation in this study, please contact the Director, University of Waterloo Office of Research
Ethics (Dr. Maureen Nummelin, maureen.nummelin@uwaterloo.ca, 519-888-4567 ext. 36005).

Please retain a copy of the letter of information and consent form. If you have any questions,
concerns or comments about this research, please contact any of the research team: Victor Cheung
(v4cheung@uwaterloo.ca) or Dr. Stacey Scott (s9scott@uwaterloo.ca, 519-888-4567 ext. 32236).
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B.3 Consent Form Used in the Deception Phase

INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN A RESEARCH STUDY
Project Title: Navigating with the Help of Mobile Devices

| have read the information presented in the information letter about a study being conducted by
Victor Cheung and Dr. Stacey Scott at the University of Waterloo. | understand that | will be
participating in a research project using mobile devices, and that | will be engaging in a study of which
the procedures and risks are described in the attached letter of information. | have had the
opportunity to ask any questions related to this study, to receive satisfactory answers to my
guestions, and request/receive any additional details desired.

Sometimes a certain image and/or segment of video recording clearly shows a particular feature or
detail that would be helpful in teaching or when presenting the study results at a scientific
presentation or in a publication.

| am aware that | may allow video and/or digital images in which | appear to be used in teaching,
scientific presentations, publications, and/or data sharing with other researchers with the
understanding that | will not be identified by name. | am aware that | may allow excerpts from this
study to be included in teaching, scientific presentations and/or publications, with the understanding
that any quotations will be anonymous.

| am aware that my participation is voluntary and that | may withdraw my consent for any of the above
statements or withdraw my study participation at any time without penalty by advising the researcher.

This project has been reviewed by, and received ethics clearance through a University of Waterloo
Research Ethics Committee. | was informed that if | have any comments or concerns resulting from
my participation in this study, | may contact Victor Cheung (v4cheung@uwaterloo.ca) or Dr. Stacey
Scott (s9scott@uwaterloo.ca, 519-888-4567 ext. 32236), and that if | have any ethical comments or
concerns about the study | may contact the Director of the University of Waterloo Office of Research
Ethics (Dr. Maureen Nummelin, maureen.nummelin@uwaterloo.ca, 519-888-4567 ext. 36005).

Please Circle One Please Initial Your Choice

With full knowledge of all foregoing, | agree, of my own free will, to participate in  YES NO
this study.

| agree to be video and audio recorded YES NO

| agree to let the video recordings, digital images, or audio recordings be used for YES NO
presentation of the research results

Participant Name: (Please print)

Participant Signature:

Date:
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B.4 Routes in the Deception Task

WALKING SEQUENCE
Project Title: Navigating with the Help of Mobile Devices

Large Display (the middle board on the wall)
-

% 1 1

- : : A
=] 1 I

|- [ e e e e e m e e e S T
3 I 1

- : |

2 . . B
£ : |

4 [
_a_ 1 I

8 : : c
™ 1 I

5

1 2 3
For the AVerbal o condition, routes are spoken by t

are shown on the provided mobile device.

1. Goto 1C
2. Goto 3C
3. Goto 3A
4. Goto 1A
5. Goto 1B
6. Goto 3B
7. Goto 3C
8. Goto 1C
9. Go to 2C then 2A
10. Go to 1A then 3A
11. Go to 3B then 1B
12. Go to 1A then 1C
13. Goto 3A
14. Goto 3C
15. Goto 2B
16. Goto 2A
17. Goto 1B
18. Goto 1C
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B.5 Background Questionnaire in the Deception Phase

Background Information

Please fill out this questionnaire as accurately as possible. None of the information will be
personally linked to you in any way. Please do not write your name anywhere on the
questionnaire.

* 1. Participant ID (to be filled in by researcher):

* 2. What is your gender?
Female

Male

* 3. What is your age?
18 to 22
23 to 27
28 to 32
33 to0 37

38 and above

* 4, What is your occupation?

5. If you are a student, what degree and program are you in?

* 6. Have you used any mobile devices before? If yes, please provide some examples
(e.g. smartphones, tablets). For each, please also indicate where you typically use
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them (e.g. at home, bus stops ...etc).

Location

Smartphones
Tablets

Other devices and locations

7. If you have used mobile devices (skip if you haven't), please indicate if you have

used your mobile device to help you navigate to a destination, and if so, how do you
do it:

| look at the screen | listen to the | switch between
for visual automated voice listening to the
| have never tried instructions most of instructions most of  voice and visual
that. the time. the time. instructions.

Take a
bustftrain/taxi to a
destination

Driveto a
destination

Bike to a
destination

Walk to a
destination

Other (please specify)

* 8. If you have used your mobile device while you are walking, please briefly describe
how you manage to divide your attention between the device and your pathway (e.g.
keep an eye on the surroundings, stop walking when using the device).
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B.6 Post-Experiment Questionnaire in the Deception Phase

Navigating with the help of mobile devices - Post Experiment Questionnaire

Post Experiment Questionnaire

Please fill out this questionnaire as accurately as possible. None of the information will be
personally linked to your in any way. Please do not write your name anywhere on the
questionnaire.

* 1. Participant ID (to be filled in by researcher):

* 2. Please rate your level of confidence in completing the navigation task when the following
types of instruction are provided.

No Some High
confidence confidence confidence
(n (2) (3) 4) (5 (6) (7
Woice-based
(instructions
provided in

spoken words)

Visual-based
(instructions

provided on

device)

Please briefly explain your selection.

* 3. Please indicate which type of navigation instruction you prefer.
| Voice-based (instructions provided in spoken words)
| Visual-based (instructions provided on device)
| Equally

Please briefly explain your selection.
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Navigating with the help of mobile devices - Post Experiment Questionnaire

We are also interested to see how your attention to your surroundings is affected during
mobile device use.

Layout of the experimental room (for reference only)

Large Display (the middle board on the wall)

1 I
= 1 1
3 1 1 A
2 I I
sl -------- B 5 i o ) o o i s e
3 [ I
g 1 ]
1 I
5 1 I B
] 1 1
s 1 I
i -------- e
= 1 1
= i i c
[ I ]
& I I
1 2 3) 7
#
J
; Door
]

The following questions refer to the large display (the middle board on the wall).

* 4. Did you notice the content in the large display (the middle board on the wall) while you
were walking?

() Yes
~ No

If yes, briefly describe what the content was

* 5. Did the large display (middle board on the wall) affect the way you walked? If so, how?
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* 6. What is your overall impression of the large display (the middle board on the wall)?

* 7. What do you think the purpose of the large display (the middle board on the wall) is?

* 8. What do you think you can do with the large display (the middle board on the wall)?

* 9. Which part of the large display (the middle board on the wall) do you find most appealing
or interesting?

The following questions refer to the small display (the left board on the wall).

* 10. Did you notice the content in the small display (the left board on the wall) while you were
walking?

| Yes

) No

If yes, briefly describe what the content was
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* 11. What is your overall impression of the small display (the left board on the wall)?

* 12. What do you think the purpose of the small display (the left board on the wall) is?

* 13. What do you think you can do with the small display (the left board on the wall)?

* 14, Which part of the small display (the left board on the wall) do you find most appealing or
interesting?

Prev Next
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Navigating with the help of mobile devices - Post Experiment Questionnaire

Layout of the experimental room (for reference only)

Large Display (the middle board on the wall)

i I
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* 15. Did you notice any of the displays responding to you? If so, in what way? Please specify
which display (large or small) you are referring to.

* 16. Do you think of any of the displays are interactive? If so, how do you think you can
interact with it/them? Please specify which display (large and/or small) you are referring to.

Prev Done
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B.7 Deception Debriefing Verbal Script

RESEARCHERGO6S SCRIPT FOR VERBALLY DEBRI EFI
A DECEPTION STUDY (IN-LAB), USED WITH A POST-STUDY DEBRIEFING
INFORMATION/FEEDBACK LETTER
Study Title: Investigating Attraction of Animation on Large Displays

Researcherdés Script

Express appreciation to
participant for taking part
in the study.

fiThank you for spending the time helping us with our research. The research
team greatly appreciates your partid

Probe for suspicion.
(Optional)

AfiDo you have any guesses about what
interested in hearing any ideas you might have. Did anything seem strange or
odd to you?bo

Explain what participants
were originally told.

Al would now Iike to tell you a bit
that | gave you describes the details of the study. You can keep this copy. |
will go over the main points with you now. When you began the study, you
were told the purpose of this study was to investigate how different forms of
navigating instructions affect the way a person arrives at a destination.
However, we provided you with information that misrepresented the real
purpose of the study. What this means is the study was actually different than
what we explained in the beginning. Some studies involve deception i that is,
participants are lead to believe the study is about one thing when it is actually
about something else. This is one of those studies. Do you have any
guestions?o0

Outline the full
purpose/objectives of the
study and explain what
the deceptions were and
purpose of the tasks.

Provide participants with an explanation of and information on the:

a) full purpose/objective(s) of the study:

We are interested in whether a passerby, when commuting near an interactive
wall display, will be attracted to its interface with the use of animation in
response to their proximity.

b) background information on the area of research being conducted:

We hypothesize that, when used appropriately, animation is an effective
mechanism to attract peoplebds attent
vision. To be able to attract and engage users to an interface has been widely
researched topic in the field of Human-Computer Interaction.

c¢) deceptive aspects of the study, and measures, study tasks, and various
conditions:

In this case, we had to omit the fact that the interactive wall display that you
saw was trying to attract your attention, and we were assessing your
responses to various types of animation used in the interface, through video-
& audio- recording and notes taken by the researcher.

Explain why deception
was used in the study.

AThe reason t tasktdeveptiomiretliscsteidy was because we
needed participantsd6 behavior and at
we could not give participants complete information before their involvement in
the study because it may have influenced participant s & behavi ou
would make investigations of the research question invalid. If participants

knew the objectives of the study before hand their behavior and attitudes may
have been influenced by this knowl eg

Summarize the full
purpose of the study and

Al woul d j-itemteafewthngs: t o r e
4. The purpose of this study was to investigate the effectiveness of

207

NG PARI



which aspects involved
deception (e.g., use of
confederates, use of

false information, etc.)

animation in an interactive wall display interface in terms of attractive
passersbyb6s attention.

5. All the equipment we used for assessment has been mentioned in the
briefing, and there are no hidden ones throughout the study.

6. The experimental setup was to simulate an environment where a person
commutes between marked points, which includes the interactive wall
di splay and other displays in the

Express regret for
deceiving participants.

ifWe apologize for omitting details
information about the purpose of and tasks in our study. We hope that you
understand the need for use of deception now that the purpose of the study
has been more fully explained to you. Do you have any questions about

deception and why it was used in thi
Explain not all Al would |ike to assure you that mog
psychology studies does not involve the use of decepti(
involve deception.

AfiDo you have any questions or concer

Explain who to contact if
questions or concerns
arise about participation
in the study.

study? Would you like to speak with the one of the study investigators/faculty
supervisor about your concerns or questions? After you leave, if you have
guestions, comments, or concerns about the study or any feelings of
discomfort, please contact the study researchers or the Office of Research
Et hics. Contact information is on t

Explain reasons for not
discussing study details
with others and why.

AiThis study involves some aspects t
therefore it is very important that you not discuss your experiences with any
other persons who potentially could be in this study until after the end of the
term. If people come into the study knowing about our specific predictions, as
you can imagine, it could influence their results, and the data we collect would
not be useable. Also, since you will be given a copy of this feedback letter to
take home with you, pleasedonotma ke thi s avail abl e

Reiterate details from
the information letter as
to how the information
collected will be
confidentially retained
and stored.

AfEven though this study involved de
confidentiality, data storage, and security still applies. All data collected is
confidential and securely stored at all times. No one other than the
researchers have access to the data. These details are outlined in the
debriefing letter. o

Explain why another
consent form needs to
be signed.

iBecause some el ements of the study
explained we have another consent form for you to read and sign if you are
willing to allow us to use the information that you have provided. This form is a
record that the purpose of the study has been explained to you, and that you
are willing to allow your information to be included in the study. Will you allow
us to use the i nf o[Resdrdha givesparticipgntpost- i
debriefing consent form to read and sign. Participant returns signed consent
form to the researcher.]

(¢

Conclude with an
expression of
appreciation.

AfWe really
interesting

appreciate your
experience for

particip
you. o0

q
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B.8 Deception Debriefing Letter and Consent Form

DEBRIEFING LETTER FOR STUDIES INVOLVING DECEPTION (IN-LAB)

Study Title: Investigating Attraction of Animation on Large Displays

(Navigating with the Help of Mobile Devices)
Faculty Supervisor:  Stacey Scott, Systems Design Engineering,
519-888-4567 ext. 32236, s9scott@uwaterloo.ca

Student Investigator(s): Victor Cheung, Systems Design Engineering, v4cheung@uwaterloo.ca

We greatly appreciate your participation in our study, and thank you for spending the time helping us

with our research. When you began the study you were told that the purpose of this study was to

investigate how different forms of navigating instructions affect the way a person arrives at a

destination. However, the study was more complicated than we explained at the beginning. We
hypothesize that, when used appropriately, ani mati on
attention, even when in their peripheral field of vision. We are interested in whether a passerby, when

commuting near an interactive wall display, will be attracted to its interface with the use of animation

in response to their proximity.

Large, interactive surfaces have become a popular choice for content presentation in a public setting

due to their dynamic presence, and support for multiple users. One design challenge is to have the
interface attracting passersbyds attention. We are i
used to achieve that.

Throughout the study, while you were carrying out your tasks, we also assessed how you responded
to various types of animation presented in the interactive wall display, as to measure the
effectiveness of animation in the interface. In the remainder of this session, you will be asked to
complete a questionnaire for us to better evaluate your impression on the interactive wall display
interface. The information and answers you have provided earlier will be combined with your answers
to this questionnaire to form a complete participant response, so that we can better understand your
responses. The video and audio recorded, and other data collected earlier will also be included for
the same reason.

We could not give participants complete information about the study before their involvement
because it may have inf | uenced participantsd behaviour during t
investigations of the research question invalid. The reason that we used deception in this study was

because we needed participants®d behayvstodyobjeciviesy at ti t u
particularly the knowledge about the interactive wall display interface trying to attract their attention.

We apologize for omitting details and for providing you with fictional information about the purpose of

and tasks in our study. We hope that you understand the need for deception now that the purpose of

the study has been more fully explained to you. We would also like to assure you that most Systems

Design Engineering research does not involve the use of deception.

We would just like to re-iterate a few things:

4. The purpose of this study was to investigate the effectiveness of animation in an interactive

wall display interface in terms of attracting pas
5. All the equipment we used for assessment has been mentioned in the briefing, and there are

no hidden ones throughout the study.
6. The experimental setup was to simulate an environment where a person commutes between

marked points, which includes the interactive wall display and other displays in the

surroundings.
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If any of the questions or exercises in this study caused you to feel uncomfortable, please feel free to
contact Victor Cheung (v4cheung@uwaterloo.ca). You can also contact my faculty supervisor, Stacey
Scott, at 519-888-4567 ext. 32236 or s9scott@uwaterloo.ca. Also please feel free to contact Dr.
Maureen Nummelin, the Director, Office of Research Ethics, at 519-888-4567, ext. 36005 or
maureen.nummelin@uwaterloo.ca if you have concerns or comments resulting from your
participation.

The information you provided will be kept confidential by not associating your name with the
responses. The data will be stored with all identifying or potentially identifying information removed.
Electronic data will be stored on a password protected computer in E2-1303B. Printed data will be
kept in a locked room in E2-1303B. The survey uses Survey Monkey™ which is a United States of
America company. Consequently, USA authorities under provisions of the USA PATRIOT ACT may
access this survey data. If you prefer not to submit your data through this platform, please do not
participate in this research study.

Because the study involves some aspects that you were not told about before starting, it is very
important that you not discuss your experiences with any other persons who potentially could be in
this study until after the end of the term. If people come into the study knowing about our specific
predictions, as you can imagine, it could influence their results, and the data we collect would be not
be useable. Also, since you will be given a copy of this feedback letter to take home with you, please
do not make this available to other persons. Moreover, because some elements of the study are
different from what was originally explained, we have another consent form for you to read and sign if
you are willing to allow us to use the information that you have provided. This form is a record that the
purpose of the study has been explained to you, and that you are willing to allow your information to
be included in the study.

We really appreciate your participation, and hope that this has been an interesting experience for you.
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POST-DEBRIEFING CONSENT FORM FOR STUDIES INVOLVING DECEPTION (IN-LAB)

Study Title: Investigating Attration of Animation on Large Displays

(Usage Patterns with Gthe-go Mobile Applications)
(Navigating with the Help of Mobile Devices)
Faculty Supervisor.  Stacey Scott, Systems Design Engineering,
5198884567 ext. 32236, s9scott@uwaterloo.ca
Student Investigator(s): Victor Cheung, Systems Design Engineering, v4cheung@uwaterloo.ca

During the debriefing session, | learned that it was necessary for the researchers to disguise the real
purpose of this study. | realize that this was necessary since having full information about the actual
purpose of the study might have influenced the way in which | responded to the tasks and this would
have invalidated the results. Thus, to ensure that this did not happen, some of the details about the
purpose of the study initially were not provided (or were provided in a manner that slightly
misrepresented the real purpose of the study). However, | have now received a complete verbal and
written explanation as to the actual purpose of the study and have had an opportunity to ask any
guestions about this and to receive acceptable answers to my questions.

| have been asked to give permission for the researchers to use my data (or information | provided),
as well as the video- and audio- recordings, in their study, and agree to this request. | am aware that |
may withdraw this consent by notifying the Faculty Supervisor of this decision.

| am aware this study has been reviewed and received ethics clearance through a University of
Waterloo Research Ethics Committee and | may contact Dr. Maureen Nummelin, the Director, Office
of Research Ethics at 519-888-4567 ext. 36005, if | have any concerns or comments resulting from
my involvement in this study. By signing this consent form, | am not waiving my legal rights or
releasing the investigator(s) or involved institutions(s) from their legal and professional
responsibilities.

Participant's Name:

Participant's Signature:

Date:

Witnessd Name:

Witness6 Signature:
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B.9 Post-Experiment Questionnaire in the Reveal Phase

212













































