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ABSTRACT

Despite thancreasingly sophisticated capabilities of mobile AR guidance applications in providing new

ways of interacting with the surrounding environment, empirical research remains needed in four

principal areas: 1) identifying user needs and use cases, 2) degedlopppropriate theoretical
framework, 3) wunderstanding usero6s interactions w
information overload. To address these needs, a amattiods approach, involving two studies, was

used to extend current Sitien Awareness (SA) theory and evaluate the application of an extended

theory. These were achieved in the contextreidity-augmented environmefdr the task of exploring

an unfamiliar urban context.

The first study examined SA in terms of the psssss that an individual employs and the essential
requirements needed to develop SA for the case of urban exploratory navigation using mobile augmented
reality (MAR). From this study, SAupported design implications for an MAR guidance application were
developed, and used to evaluate the application of an extended SA theoretical cognitive model. The
second study validated the earlier findings, and involved two specific applications of the transtated SA
supported interface design and an evaluation ofdbreeptual design concepts.

Results of the AR interface application suggested a significargupported interface design effect on

userds SA, which is dependent on the number of Po
Results of the embeddddhp interface application showed a significant&#Aoport interface design

effect on a sppeorted mterfack desidnh leelped participants complete task queries faster

and led to higher perceived interface usability.

This work demonstratebat, by adopting a systematic approach, transformed requirements can be

obtained and used to design and develog&gported strategies. In doing so, subsequent
implementationof SAs upported strategies could enhance a use
navigation in an urban environment using MAR. Indeed, a validation process was initiated for the

extracted user requirements, by conducting evaluations on theseppArted strategies. Finally, a set of



preliminary design recommendations is proposeth thie goal of their eventual incorporation into the

design and development of more effective mobile AR guidance applications.
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CHAPTER 1 INTRODUCTION
1.1  Problem Statement

Recent years have witnessed siigaifit advances in the field ofalile Augmented RealityAR) (Feiner,

2002 King, 2009 VaughanNichols, 2009. Althoughmobile ARhas long been regarded as an important
technology in targeted higdnd settings (e.g., military visual systems and industrial automation training),

it has been evolvingway from those technological military/industrial uses and is moving into

mainstream, consumeriven applications in highly sophisticated ways. As described by Tokusho and
Feiner (2009), the physical world and the virtual world are becoming seamld¢estyingled

Information spaces (e.g., cyberspace, hypermedia, Internet) and contexts (e.g., augmented reality, virtual
reality, real world) that were previously disconnected are gradually convéogvagds a unified world
(Grasset, Mulloni, Billinghurst, & Schmalstieg, 2011

A mobile AR system is a general information system much like a computer, with potential for literally
hundreds of applicatior{®ilsson, 201D across a wide spectrum of purposésese applicationsan

provide fascinating views into annotated wor(Ngrzt, 200§, by which users are able to see things that
they were unable to see just a few years ago. For example, a repair person can now see instructions
highlighting the part$o be replaced in a broken piece of equipment; firefighters can now see the layout of
a burning building in order to avoid hazards that previously would have been invisible; soldiers can now
see the positions of enemy snipers who have been spotted bynathmanonnaissance planes. Similarly,
using massnarketedmobile ARapplications, we can view the interiors of homes for sale néathes

name of the stars and constellations over our R&dks names and details of the mountains we see

before u&, what crimes have recently been committed in our neighborfdodsvse the quality and

price of a restaurant before we go injdad so much more.

Among variousnobile ARapplicationsmobile ARguidance applications have significant potential in
domains 8ch as tourismemergency evacuation and notification, disaster manageaneitig, etc. Such
systems assist their users in navigating a spac@nple terms, anobile ARguidance application is a

locationbased information system that combines localtiased datée.g., location and route

1ZipReality Real Etatemobile ARapplication: http://www.ziprealty.com/

2 Star Charmobile ARapplication:
https://play.google.com/store/apps/details?id=com.escapistgames.starchart&hl=en

3 Start Walkmobile ARapplication: http://vitotechnology.com/staslk.html

“*Panoramascopamobile ARapplication: http://panoramascope.com/

® Peaksmobile ARapplication: http://peaks.augmentedtdoors.com/

®SpotCrimemobile ARapplication: http://itunes.apple.com/us/app/spotcrime/id347343610?mt=8
" Yelp application: http://www.yelp.com/christiansburg-us



information)wi t h t h e-time siemtoé siserit pravides a richer, more nuanced perspeaifube
surrounding worldFor indance, factory workers in emergency situations couldngtgle ARguidance
systems to navigate around potential hazards; drivers could use windsbield ARguidance systems
to identify traffic conditions and landmarks of interestebile ARguidancesystems can be used by
front-end emergency personnel (e.g., firemen and policemen) irdbigiand field situations to navigate
in hazardous environments in order to identify trapped people and potential explosions; and military
personnel could usaobile AR guidance systems to gain information such as the locations and
capabilities of both friendly and enemy forces. The potential applications are limited only by the

devel oper6s i magination.

One increasingly important domain fmobile ARguidance applid#&ons is travel and leisure tourism,

which contributed 6.3 trillion US dollars to worldwide GDP (approximately 9% of the worldwide GDP)

in 2011, and which was forecasted to grow an additional 2.8% in 2012, according to the World Travel &
Tourism Councfl. As an informatiorbased, informatiomich business, tourism has turned out to be a
highly attractive and rewarding application area for mobile information services. Mobile information
systems support a variety of tourism sectors and includes a wide faaqg@ications, such as mobile

guides for touring in urban areas, museum and exhibition spaces, and cultural heritage sites
(Emmanouilidis, 201R As one novel type of mobile information systemspile ARlocationbased

guidance applications have proven to have enormous potential for t¢@Gésrapathy, 20t Hollerer &

Feiner, 2004Seo, 2011Yovcheva, Buhalis, & Gatzidis, 2012

In particubr, masanarketed SmartphoAgasedmobile ARguidance applicatio@srepresenting a

synergy of handheld mobile devices, coni@wiareness and AR technold@gwgre likely to have a

substantial impact on the tourism indugtikurkovsky, Koshy, Novak& Szul, 2012. This sector of

mobile ARguidance applications has rapidly grown because of its novelty, intuitiveness and

Ai mmer s (Dwuenmand, 8007Narzt, 2006 Noh, Sunar, & Pan, 200®eitmayr & Schmalstieg,

20043 Roberts et al., 2002Vhite & Feiner, 2009J. Wither, DiVerdi, & Hollerer, 2008 not to

mention theavailability of mobile AR-enabled Smartphones, and teehnological feasibilityf

Smartphone devices with high resolution touch display, GPS sensors, magnetometers, faster networks,

cloud computingand locatiima s ed i nf or mat i on -woddldcation@idazatepal.,.t he use
2012 Rehrl et al., 201,2VaughanNichols, 2009.

Therefae, rot surprisingly, a growing number of publicatilyailable mobile platforms useobile AR

guidance applications that are designed to enhance the travel/tourism exg@&igrece Marcus, 2011

8 http://lwww.wttc.org/research/econoriimpactresearch/



Ishiguro, 2011Johnson & Witchey, 2011 ee, 2009; these include Lay%;r\Nikitudelo and Google
Goggles. These types ahobile ARapplications fall into the general category of mobile navigation
systems knowhn (Obson &Sala, @0DLThid type of gstem provides overlappg layers
of information about Points of IntergfOIs) that users see around them through their Smartphone
camerasPeople visiting places can learn about buildings, sightseeing places, historical locations,
activities and noteworthy events, dining options, etc. In other words, people usetidseAR
guidance applications to explore their surroundings in urbangsffovcheva et al., 2032

Thereforethere is no doutthatmobile ARtechnologies will continue to revolutionize the waygitdl
information is presented to and accessed by people who seek more powerful ways to interact with their

environments in different situatiofigaittinen, Karkkainen, & Olsson, 2010
1.2 Research Problem

Despite the increasingly sophisticated capabilitiesalbile ARguidance applicatianin providing new

ways of interacting with our surrounding environment, its benettseariously compromised by its

problems. In fact, sommobile ARappl i cati ons have H@sson&&aloj20)lci zed a
Researchers are examining organizational, technical, and perceptual issoed®ARguidance

systems with some succé8oyer & Marcus, 201IKruijff, Swan, & Feiner, 2010Neuhofer, Govaers,

Mokni, & Alexander, 2012 Nonetheless, we believe that one of the fundamental problems in Human

Factors evaluations afiobile ARsystemsds insufficient research on how a user interacts wifhéar

surroundings in thenobile AR-enabled context in four principal areas: 1) insudintiidentification of

user needs and use cases, 2) lack of theoretical frame®dprk conf |l i ct i ng evidence ol

with surrounding environment, and 4) information overload.

1.2.1 Insufficient Identification on User Needs

First, user informatiomeeds andequirement$or mobile ARguidance applications in the context of
exploratory navigatiohave been studied very little; indeed, the lack of-asetered studies and
underutilized usecentered design methods have been identified as Augmented Reality (AR)-domain
wide problemgDhir, Olsson, & Elnaffar, 2032Isson, Karkkainen, Lagerstam, & Vertdkkonen,

2012. In spite of acknowledging that understampand specifying user requirements are vital in the

development processiobile ARdesigners and developers typically do not inv@mdusers in the early

®Layar application: http://layar.com
Ywikitude application: http://www.wikitude.com/
™ http://www.google.com/mobile/googimobile-app/



phase of development, biatherwait until they have a prototype test before users are invg@ksdon et
al., 2013.

However, failing to adectely study usesystenneedsat the beginning of development, especially with
respect to a novel technology, may result in inaccurate assumptions about edidsusbkras who they

are, their needs, and their capabilities. These assumptions, alihcagigete or false, may then be
incorporated into design specificatiaipartin, Clark, Morgan, Crowe, & Murphy, 20LZResearchers

have already expressed concargarding the user experience and the unmet expectations of end users
(Boyer & Marcus, 201,1Pogue, 20111 For example, according to a recent survey on user erpese

with mobile ARguidance applications, positive evaluations (e.g., novelty) were overshadowed by the
uselessness of applications, such as those caused by excessive and irrelevariOtssuar&Salo,

2017). Only a few respondents reported that their reason for obtaimobge ARapplications was to

meet an actual need for information, compared to the overwhelming factor of curiosity and an interest
aboutmobile ARtechnobgy. In this regard, curremobile ARapplications in meeting user requirements
are quite unsatisfactory, thereby inhibitimgpbile ARfrom becoming a ubiquitous technoloigy

peopl eddaylicesRekimoto, 199Y.

1.2.2 Lack of TheoreticaFramework

Second, research has shown that usingile ARapplications to help users develapd maintain general
awareness of their surrounding environment is one of the greatest desired informatiqBorgasDe
Marsico, Panizzi, & Pietrangeli, 201Rhir et al., 20120Isson, Lagerstam, Karkkainen, & Vaananen
Vainio-Mattila, 201). Despite the fact thamobile ARguidance applications can enhance such
awaeness through a 3D egocentric véiewhich might not be satisfied by traditional approaches such as
maps, radios, and conventional handheld disdl@psu & ChanLin, 2012Tokusho & Feiner, 2006

the challenge is that there is no theoretical framework or even a clear terminology associated with this
increasingly ubiquitous phenomenon. For example, researchers he\ee vesety of terms to describe
situational information needs (e.g., personal cord@sdreness, environment awarenasgreness of the
environmentspatial awareness or simply awareness) while still lacking a detailed theoretical foundation
(Chou & ChanlLin, 201p

From a human factors perspective, such awareness can be considered as a general type of situation
awar eness, \he pecéption ef thealements m thé environment within a volurinmef

and space, the comprehension of their meaning, and the projection of their status in the near future
(Endsley, 1988 Here,situationmeans hose pi eces of information that

task at handWe continuously process information to support situation awareness throughout any given



day(Pielot, Krull, & Boll, 2010. We use our senses to perceive whaoing on around ufg interpret

the received information, arid make decisionéPielot et al., 2010

The need to maintain situation awareness is essential to navigatio(Cagken & Peterson, 20)Xince

it requires a high degree of engagement with the physical environment (even including surface, obstacles,
the sky, etc.JHutchins & Lintern, 1995 According to Wickens (1999), tasks involving understanding

our environmental spaces are aspects of the more general consigpdtain awarenes@Vickens,

1999. Specifically, as we travel through an environment we typically have two types of goals: 1)
understandinghe structure of the spacand 2nhavigatingthrough the space in order to reach a

destination without getting lost or colliding with hazards. In this process, our perception involves
extracting information continuously about our saiftion or the motion of other objects in the
environmen{(Gibson, 1979Warren, Wertheim, & Wertheim, 199®/ickens, 1999 People tend to have

a mental representation of the environment, whadilifates them navigating through it. In order to plan
effectively in a dynamic, changing environment, people must have a relatively accurate awareness of both
current and evolving situatiorfg/ickens, 1993

Unfortunately, although researchers have investigated the concept of situation awareness, until now there
is still a paucity of understanding of how tsbuild up situation awareness in thetext ofmobile AR
enabled navigation and more importantly, how such an understanding can guide the deSign of

supportednobile ARguidance applications.

1.2.3 Interactingwith Surrounding Bvironment

Third, studies have also suggested that while the original intent of masinige ARtechnology is to

increase meaningful interactions with the surrounding environment, some actual usage scenarios have
produced the opposite result. In other words, depgnali the system, people might suffer a loss of such
engagement with the environment, thereby resulting in a loss of situation awareness. Since Smartphone
basedmnobile ARguidance applications have only recently reached the-madseted mainstream,

relevant research is extremely limited or hidden in proprietary documents. However, some effects can be
inferred from relevant research domains, sucmaisile ARlike GPS nawgation systems in driving. This
research shares some common traits with Smartpbasednobile ARguidance applications, such as

AR augmentation and navigation capabiliti@agoe, 2002 even though GPS systems are used in a more
professional and specialized manner. Evidence shows that GPS navigation systems actually disengage
people from their surrounding enehment, partially because users simply follow verbal and/or illustrated
GPSsupplied instructions and arrive at their destination at the end without having really interacted with

their surrounding¢éLeshed, Velden, Rieger, Kot, & Sengers, 200®iis finding is also substantiated by



Ma and Kaber (2007 who reportedn interesting relationship betweegtuation awareness and the use of
an ARlike navigation aid. The researchers discovered that when a driver in a car is aided by a perfect
navigation system, the driver will pay less attention to the environment and situation awareness will

decrease, as opped to when the user is aided by a navigation aid that is not perfect.

Additionally, using ofmobile ARgui dance application might al so i mpeé
surrounding environment. Physicallysars who rely omobile ARapplicatiors ontheir phones have to

wal k through their environment wi tolapdastorewith eyes on
unfortunate implications for potential safety problgegue, 2011 In the similar fashion, Huang et al.

(2012) conducted a study investigate the influence of mobile mbased, ARbased, and voiebased

technology on spatial knowledge acquisition (or spatial learning) in tasks (landmark recognition, route

direction, and landmark placement). The results indicate that all threfadeteted to poor results in

spatial knowledge acquisition, and suggested that people did not put active mental effort into deriving
information(Huang, Schmidt, & Gartner, 20112

Thus, evidence seems to indicate that becaudle ARt ec hnol ogy alters a user 6s
environmental interactioBsfor example, how people feel, think, and engage with the physical (and
social) spacethey are ind this technology mediation may result in thesof interaction with the

environmeni{Aporta et al., 2006

1.2.4 Information Qrverload

The fourth and final identified problem associated witbbile ARguidance applications is content
management, which, in fact, represents an area whatde ARhas been greatly challengé¢urkovsky

et al., 2012 There is an inherent challenge in trying to fit and present potentially limitless information
into a small displayGanapathy, 20)2Reatworld views invariably contain multiple objects or places,
each of which can be considered a potentialcoaf digitalinformation, so it is easy to inundate a

mobile ARwith virtual information(Frohlich, Simon, Baillie, & Anegg, 200&ing, 2009. One could
justifiably argue that the human mind possesses an astounding capacity for processing and integrating
information, so anobile ARinterface should simply make all available information visible and let users
decide for themselves what is necessary and relevant information to performing the task at hand.

However, a large amount of information is associated with excessive visual clusteniodpile AR and

may | i mit a user 0s povedoadiJslierj Bailipt, laazagarta,iBfown, & es due t o
Rosenblum, 20Q1ulier et al., 2000Stedmon, Kalawsky, Hill, & Cook, 1999 vidence shows that
excessive and irrelevant information content sighn



mental overloadGinige, Romano, Sebillo, Vitiello, & Di Giovanni, 2013e0, 2011Stedmon e4l.,
1999.

In addition, formobile ARguidance applications, the total volume of data increases as the spatial area
increasegReitmayr & Schmalstieg, 200brhus, being deployed in an unfamiliar or crowded area in an
urban environment generates additional memtakload, which, in combination with the information

overload described before, may lead to disorientation and incertitieddnofer et al., 2012

I n summary, these identified problems with respec
in amobile ARenabled environment create grehallenges for HCI researchers and designers who are
tasked with developing usefmobile ARguidance applications. Becausebile ARguidance systems

are evolving so rapidly (i.e., eagser applications are mushroomirighir et al., 2012, understanding
essentialiseroriented issues is critical to developimgbile ARapplications that are truly usef(l.

Olsson & M. Salo, 2011 Unless user interactions with the surrounding envirariimethemobile AR
enabled environment can be thoroughly understood and captured, any resulting products could be
seriously compromised and ultimately could be proven to be ineffd&@path, Hermann, Peissner, &
Sproll, 2013. To address these problems, this research is focused on identifying a new theoretical
perspective via the exploration of applicable tiesyrextendig, refining and validating the application of
thenew theoretical perspective the catext ofmobile ARenabledhavigation. The effort is intended to

providea set of preliminargiesign recommendatiof@e mobile ARguidanceapplications
1.2.5 Situation Awareness TheoryA New Perspective

1.2.5.1 Situation Awareness (SAhtroduction

As stated, situation awareness is a ubiquitous aspect of everyday experience. SA refers to a broad

construct for explaining information processing of awareness develojimdifferent situations. In

simple terms, SA is oneb6s internal mendistely, 1988 t he e
and serves as the basis for understanding of the state of the envir@Bnushty, 1995a It provides a

foundation for subsequent decisioraking and performandeEndsley, 1995asEndsley & Garland,

2000.

According to Gilson (1995), SA was first associated with German flying ace, Oswarld Boelke (1891

1916) during the First World War. Boelke stressed the importance of gaining an awareness of the enemy
before they gained a similar awareness,iandsponse, devidemethods for accomplishirgpak. This

idea was calledituation awarenes&ilson, 199%. Until the late 1980s, however, this concept did not
receive much attention in the academic literature; since that time, it has become a l{Staopia,

Chambers, & Piggott, 20Q.1The initial push for SA research and development emerged from the aviation



industry, where there is considerable pressure for pilots and air traffic controllers to develop better
situational awar e n éappenirg aroukcetie@engem, 49§ 7kAlthmudgh thehedasd s
been a considerablerte lag between initial identification of the SA phenomena and the maturity of the
concept, the degree to which real problems with SA are being perceived and addressed is bridging the gap
(Stanton et al., 2001In particular, the concept of SA has received a great deal of attention from the
Human Factors communif§stanton, 2006 which is investigating its applicability to many areas and
applications, including automation, operation control management, emergenaysesspaining, error
analysis, design selection, teamwork, weather forecasting, computer mediated discussion, homeland
security and military operatiorfglan, 208, Dominguez, 1994Durso & Sethumadhavan, 2008

Endsley, 1988Endsley, 1995bEndsley & Kiris, 1995 Endsley & Rodgers, 1994dones & Endsley,

1996 Klein, 1995 Li, Liu, Chen, & Zhang, 20L2Viogford, 1997 Scott, 2009Stanton & Young, 2000
Wickens, 2008

Endsley (2000hasd e f i ne d A s ietofiedironmental candition$ and system states with

which the participant is interacting that can be characterized uniquely by a set of information knowledge,

and response options (p. 3Exery situation has associated with specific knowledge required t

accomplista particul arawaashesTherefereed to the infor m:
with a fAsituat iSiace SA ré¢fdesrnatte leeelyof awardn€se that a person haghef his

current, ongoing situatiofStanton, 2006t he concept of @ sadmeaarngdionod can t
other words, SA is domaidependent and can refer to a general awareness or a detailed understanding of
existing circumstanceg&ndsley, Bolte, & Jones, 200Bndsley & Garland, 2000Endsley, BoltE, &

Jones, 2003Greitzer, 2008 For exampleSAcoud r ef er to a doctor noticing
diagnosing an illnes@Vickens, 1999 or a pilot obsering other planes, the weather, atthngesn the
approachingterrailtrunder st andi ng a sy s (Standtals 20@1Fwther, n sy st em
Sarter and Woodd 991) described and highlighted that even in one particular domain (e.g., aviation),
information components of SA will vary between contexts or condi(iBas, 1994 Sarter & Wbods,

1991).

1.2.6 The Role of SA Theory in Addressifdobile AR-Based Challenges
In this research, we introduce SA theory into the conterialffile ARenabledhavigation, and use it as a
theoretical framework to empirically analyze the complexities af imseractions with theisurrounding

environmenin such a context

Al t hough the specific SA elements and the fsituat

principle and SA theory can be applied across domains. SA is dekietg@rocess compues of



perception, comprehension, and projection of elements in the environment. In aviation, for example, a

pil otds SA has been des cr4gdngkhowesge & thelevirenmment(alltte9 8) a
present moment. The pilot perceives withlinés sense that some elements (e.g., an aircraft, a mountain, a
warning light) are present in the environment, along with their relevant characteristics (e.g., color, size,

speed, location). The pilot then puts together his/her knowledge about thesasterfanm patterns

with the other elements (gestalt). A holistic picture of the environment is formed and used to comprehend

the significance of objects and events. Once the pilot comprehends these elements (e.g., enemy planes)
within a certain proximityf each other and in a certain geographical location, the pilot is able to project a

near future scenario of the environm@andsley, 1988

Mobile AR-enabled navigation leverages the natural behavior of users to do explor@vigation and
goaldetermined navigation. In such a context etask i§ to explore and navigate to a destination

depending upn their goaldy interactng with their surroundingsSA theory provides a general

framework for understanding the way people interact with their environment from the perspective of

human situation awareness development. Building on such understanding,desigamobile AR

technology to assist u s eeradiens with the surrounding environment by supporting that
individual 6s situation awareness, specifically by
projection of environment). By adopting a situation awareness perspective, the alidiveslikat

mobile ARguidance systems will achieve two important goals: 1) lead users to more effective
interactions with their surr oursithationgawaeenegsi r onment ;

development andubsequent eaite decisiormaking pocess.

1.2.6.1 Interacting with Surrounding Environment

Issues ohavigating withmobile ARguidance systems are complex and subtle, whigreal and material
spaces have been inextricably link&tbbile AR users not only engage with the physical environment

that surrounds them, but they also engage with the vir@eahological environment offered by digital
augmentations. In mobile AR-enabled environmenthese digital augmentations are primarily visual,
interactive, and occur in reimed thereby tightlyweaving the material and social fabric of an
environment to bring out different ways of interacting witfGbrdon & e Silva, 203,1Graham, Zook, &
Boulton, 2012. An object in such an environment possesses both physical attributes and a multifaceted,
digital augmented (e.g., visual and textual) representatiomobdile ARguidance system might have

digital content such as usgenerated and gegagged content (e.gWikipedia articles, live Twitter feeds,
photographs, a GPS track of a bus, or social recommendations). These data are constantly made available
and are increasingly reflective of ra¢ahe events rather than tintelayed informatioriGraham et al.,

2012 Reitmayr & Schmalstieg, 200aAdopting a situation awareness perspective can help us build an



understanding of the process users employ to develop situation awareness in interactingpbitd a

AR-enabled surrounding environment.

1.2.6.2 Information Needs

As stated previouslysers do not process all of the information that is available to them. The human

mind is naturally limited by characteristics such as perception, attention, and working manaory.

mobile ARenabled environment, excessiveior mat i on coul d contribute to t
overload, thereby resulting in impaired awareness of surroundings in navigatadress the problem,

information should be displayed only for the elements that are relevant to the user for laptatkuat a

particular timg(Wither, 2009. Essentially, thenobile ARdesigner and developer need to build an

understanding of what information is needed by users and how it will bé$esatbn et al., 2008SA

theory can help us with an understanding of how people choose informeg@ve it together, and

interpret it in an ongoing and evelnanging fashion since both situations and operator goal states

invariably chang€Endsley, 2000

Thus, we believe that in order to develop a mentamo d e | of interacting with t}
environment, a spatial layout of the environment is insufficieimé. content enacted in augmented reality

is spatially, temporally, personally and socially contdependen(Graham et al., 20)2These

multifaceted data are more and more important to constructing a seamless representation of place

(Graham et al., 20)2Therefore, this emerging phenomenon requires a paradigm shift in space

navigatio® from answering a small collection of conventbnanavi gati on questions s
| ?(ldutchins & Lintern, 199 t o a series of more multifaceted an
i s goi ng o ihatass toete mdhififren? spatial awareness to situation awareness. This calls

upon researchers to examine the ways in which virtual representatemgroinment are implicated in

the products and experiences of environment as augmented ré@litbam et al., 201 2Vestlund,

GomezBarroso, Compano, & Feijoo, 201 Through our analysis, we believe SA theory can be

appropriately appliedtorespohdo t hi s need, with the goal of <creat

relationship with the surrounding environment in space navigation.
1.3 Research Objectives

This work seeks to fill the knowledge void by providing a theoretical standpoint thabtedrate SA
into mobile AR-enabledexploratorynavigation research. Specifically, ourargst is confined to
exploratorynavigation that occurs in urb@&mvironments. Urbanavigation is used as a test imtause
it supportsnavigation tasks in the rapydchanging context of a typical urban environm@@mminen,

Oulasvirta, Toikallio, & Kankainen, 2004 The selection of urban context reflects a demographical trend
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t owar ds becomi n, gcedidingto the Umitech NationsrPbpdlation F(2@D7), and it can

also be generalizable to other, perhaps less challenging applications.

The main purposed this research work are txtend and refinsituation awareness theory in the context
of mobile ARenabled urbaexploratorynavigation, andialidate the extended application of the theory
in such contextThe initial step is to explore the process usenploy to develop situation awareness and

corresponding information requirements in the contéxbobile AR-enabled urbaexploratory

navigation. Once this understanding is acquinexh r ove me nt s inawaresesstinuubans i t uat i

exploratorynavigaton can be initiated in a design prototype.

Based on EHAeadthedry, fvesneadhorexendd refine SA theory in the contextrabbile
AR-enabledurbanexploratoryn avi gat i on. T h interface frad éorteshndonyfl r e @ ) i1
According to Endsley (2003), this knowledge is
concept ighat if the logic of an interfaefee theory holds, then in 100 years designers would still be able
to use it to guide their design dbes in designing a variety afobile ARproducts. Such understanding
would help designers generate design ideamfirile ARguidance applications to support Secause
interfaceonly provides a means of instantiating some variables that represemstraciBriggs, 20086,

the design should be focusing mobile ARsupported cognitive process, rather than onribbile AR
interface itself. In other ards, the outcome we seek to improve wiitbbile ARt ec hnol ogy i s
situation awareness of his/her surroundings, not the interface tsddfle AR interfaceis only a means

to effect such changes. Therefore, we should first understand the phemoofenterest, after which we

can think about ways to desigrerfacedo improve it. Specific research objectives are listed as follows:

1. To extend or modify the application of situation awareness theory to Mobile Augmented Reality

(AR)-enabledurbanexploratorynavigation as the exploratory context (RQ1, RQ2)

(

a) To understand the process of wusersodb situat:i

mobile ARenabled urbaexploratorynavigation.

b) To understand usersd sit uadtejuvemensimgemMmeaoie s s

interacting with their surrounding environmeniiobile AR-enabledurbanexploratory
navigation;
¢) To derive interface design implications of SApported solutions fanobile AR
guidanceapplicatiors.
2. To validate the extendgatdiminary cognitive modethrough evaluating the derived SA
supported design implicationsimobile ARguidance applications in the context of urban

exploratorynavigation. (RQ3)

11
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A side product of this research, namelynabile ARguidance application for urbaravigation, will be

conceptually designed and visiprototyped.
1.4 Research Questions
The major research questions of this study are listed as follows:

1. RQ1: What process do users employ to develop situation awarenessanttha ofmobile AR

enabled urbaexploratorynavigation?

2. RQ22Whatuser sd si tuat i on ara whercantex chrobile AARgnabled e me nt s
urbanexploratorynavigation?

3. RQ3: What are the differences between the propsiseation awarenessuppoted mobile AR
guidance interface and a currently available interfaceems ofa)t he user 6s situati o

b)t he user 6s piaudrcapekplo@tdrynavigaidn®? | i t vy
1.5 Approach
To answer these research questioris,régsearch hativo studies
Study 1: Situation Awareness Theory Refinement (SA Requirements Analysis)
Study 2: Theory Validatiorr{terfaceEvaluation)

Overall,a mixedmethods approachkias usedo extendrefine and validate situation awareness theory in

the context ofmobile AR-enabled urbaexploratorynavigation.

Study 1:In the first study, a qualitative approasas usedo elicit the process that users emgdio

develop situation awareness in the contexhobile AR-enabled urbaexploratorynavigation, as well as

tocd  ect usersod6 situation awar e npesesfthe fesgstudy.wasme nt s i
two-fold: 1) to explore and identify the process that users employ to develop situation awareness; and 2)

to explore and generate themes aboabile ARuseg s 6 si tuation awareness requ
urban environment, usingpntextuainquiry methods of fieldwork observation, concurrent thahdud

and faceto-face semstructured interviews. Meanwhile, user tasks in the contexiobile ARenabled
navigationwereidentified. During this process, a geditected hierarchical task analysiasconducted

and workflow of user tasks was generated. Content analysigsgddo identify the process of situation

awareness development in such a contextaaatlze and classify situation awareness requirements.

Meanwhile, siuation awareness probes wgenerated for use in measuring SA during Study 2.
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Based orthese results, SA theory wastended and refined to explain the observed phenordeao in
particular how it can be applied to the domaimudbile AR-enabledexploratorynavigation. A
prototypical theoreticaimodelof situation awareness the context omobile AR-enabled urban

exploratorynavigationwasgenerated.

Interface design and developmenttn order to validate thapplication of therototypical theoretical

model| SA-supported design implications fonabile ARguidance application wederived from the

findings obtained fromt8dy 1. This processansforreda user 6 s SA requirements i
concreteSA-supportediesign requirements, and subsequently detailed design solutions. Conceptual
prototypical interfaces weigenerated to demonstratart of theconceptual design of the Spported

mobie AR guidance application by integratingtheus 6 s extracted SA rupigui r emen

labinterface evaluatian

Study 2: The design oEonceptual prototypical irdrfaces vasempirically evaluated to examinedf

user 6 s si t uas$suppanteddwize SauppereednobileaARdesign For this purpose,
corresponding interfaces afmobile ARguidance application employed during the previ@megiirements
elicitation phase were used agairbaseline interfacewith the same level of intaction as the developed
conceptual design interface. A gdmlsed formatie empirical evaluation was conductéuthis process,
applicationof extendedsituation awareness theomas validated, whicinvolved comparingSA-

supported interface (which the prototypical theory was applicable to) against the baseline interface for the

mobile AR exploratory navigation domato determine if there was a difference.

Theoverall researcframeworkproposé herein is depicted iRigure 1 while the correspondence

between the research questions and research approaches is shown in Fiihra focus on
understanding usersod6 situation awareness developm
technological determinisnT.his assumption would suggest thatbile ARtechnologies should have a
concreteanddeterministiceffect(Leshed etal.,200® n a user 6s i nformation pr of
However, by adopting a useentered perspective, we are held to the greater ethical responsibility of

recognizing the capability and limitations of individuals (situation awareness as a cognitive iakality)

technological contextnobile AR-enabled urban navigation) and the ability of a user to reject or demand

a redesign of the technology.
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CHAPTER 2 LITERATURE REVIEW
2.1 Awareness Research in HCI

2.1.1 Human Computer Interaction (HCI)

The main objective of HCI is to improve the usability and usefulness of technical systems and devices
(Nickerson & Landauer, 1997The view of the human as an information processing weniid thus
intelligence as processi@ghas a foundationdramework within HCI. This view originated from
Broadbentds view of cogni t i(Broadbents1938The eocwfdHCIt i al s
therefore, lies at the inface between a technological system and the human utilizing that e
Moran, & Newell, 1983 HCI views the human as an inpauitput computer. Simply put, in the human
cognition model, information enters the mind in various forms, the information is processed on several
levels,and then the mind or body produce®sponse. This perspective represents a fundamentabfiew
how basic research in human psychology and human cognition has expanded into interface design
theoriesThere are three major theories associated with HCI: 1) explanatory theories, 2) predictive
theories, and 3) theories consisting of taxonomies and models. Explanatory theories explain the
interaction between the human and computer. Predictive theories quantify thedampauter

interaction in order to predict, isuch ag-itts lawusedto descrile speed in relation to object si#stts,

1954. Theories involving taxonomies and models are more rest#sated, such aSOMS used to

mo d e | anteractioa wiih a coputer to its elementary actiofSard et al., 1983

2.1.2 Overview of Awareness Bsearch (AR) in HCI

In general, the literature surrounding awareness is primarily concerned with the use of information
technology to assist individuals in becoming aware, understanding relevant information, and maintaining
awarenesg¢TalaeiKhoei, Ray, Parameshwaran, & Lewis, 2p¥vareness is defined as a consciousness
of internal or external events or experien@&BA, 2007. It is having knowledge or being well informed.
Awareness concepts or constructs stemming from applied sociology and psychology (such as group
awareness, social awareness, 4gsécific awareness, objective salflareness, siation awareness,

visual awareness, motion awareness, spatial awareness, referential awareness, and object awareness)
provide a foundation for development and are put into practice by computer interaction developers
(Gross, 200p

Awareness research in HCI has a long history and concerns a variety of issues that are relevant in the
context of human computer interactiofrom an awareness of simple facts or events all the way to a rich
and nuanced understanding of another peids d a i | (Warkapoulos, 2008 Tihese various

research studies use different tactics, depending on the nature of the awareness information. For example,
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in CSCW (computesupported cooperative work), information relating to knowledge of group and

individual activity, information sharin and coordination contribute to what is referred taveareness

(Dourish & Bellotti, 1992. As described by the researchemsarenesss an understanding of the

activities of others, which provides a context for your own activity. In Situation Awareness (SA),
awareness information refers to a gemenderstanding of what is going on around an individual,

consisting of any needed information and capabilities that one needs to achieve a goal or reach a decision
(Endsley & Garland, 2000 SA has also been discussed in a wide range of usages, such as hazard
awareness, systems awareness, and task awaféfieksns, 200

From psychol ogical/theoretical and neurobiol ogica
adopted as a theoretical and | ogi oalsci owsdatoif o mam
inputs, and with attention, this conscious experience can be refloaitache,2003. Human needs

served by awareness are fundamental and tim@#zskopoulos, 200P For centuries people have used

all available means to construct and maintain awareness, and humans possessdiliggdymechanisms

for awarenes@andel & Schwartz, 1991 Technologies are entering into this evolutionarily developed

pattern. These technologies can mediate interactetween individuals and dramatically extend the

range of what an individual can be awargRibcca et al., 2003 Meanwhile, human needs in part

devd op from peopl ebds us(Earell 189, seibcansot be asguméddhattam ol ogi e
ultimate state has already been achi ¢Makdpouoh,er e pe
2009. In other words, technologies are employed to help meeamumeeds, which are described at a

fundamental and generic ley@llarkopoulos, 200P In awareness systems, most of the focus is on the

substance and the rdaahe resource allocation of attention and stierin memory to the people,

information objects, and the enviroants nearbyBiocca et al., 2003

2.1.3 Awarenessriformation

As stated above, although there are definitely some overlapping areas, based on the typnetaw
information provided, awareness systems can be generally categorized as 1) systems providing
information of presence and activities of social practices; 2) systems presenting ambient information; 3)

systems providing contex@wareness; 4) systemsp por ti ng peopleds situation

The first body of work principally involves information of presence and activities of social practices.
Most of the work, which was done in the 1990s, focused on designing corappperted cooperative
work (CSCW) sftware systems to provide users with awareness information about the presence,
activities, and availability of members in collaborative commun{tBgsss, 200p Awareness of

individual and group activities is critical togessful collaboratiofDourish & Bellotti, 1992.
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Maintaining awareness of docated and distant work and social groups has been ddangesearch
thread in awareness design. This work encompageap awarenesBegole, 1999or workspace
awarenesgGutwin & Greenberg, 1998which provides a contefor your own activity based on an
understanding of the activities of othergprmal awarenesghe pervasive experience of who is around,
what these persons are doing, and what they are going(@utlein, 1996 social awarenessn
understanding of the availability of different kinds of information (e.g., interests and attention) or the
emotional state of a conversational partner through eye contact,egaiaksion, and body language; and
group-structural awarenessnformation about the group itself and its members, such as their roles, stats
and responsibilities within a gropourish & Bellotti, 1992. In short, this thread of awareness research
addressesthedp-mi nut e knowl ed gactivities thai is trequired forethgosltoecdordinate
and complete a group taglross, 2005Gutwin & Greenberg, 1995

By way of examplegroup awareness maintained by keeping track of information such as other
peoplebds | ocations (where are they working?), the
history (what have they already done?), and their imdesat{what are they likely to do nex{@utwin &

Greenberg, 1995Social awarenesis maintained by the working context of-amrkers(Bardram &

Hansen, 200¢ In one study, doctors and nurses were ndbcated, making it impossible to monitor or

di spl ay each ot her 6-Medmated Social Awaremess (CMIAdevice,the Cont e x t
AAwarePhone, 0 has been introduced as a mechanism
physicallyseparated colleagues through access to their working context. It emphasizes how the context

can be used to provide social awareness betweamders whaare not cdocated(Bardram & Hansen,

2004). In summarythis type of knowledge in awareness research involves two groups of information:

whatis happening with another person (e.g., amount of activity, nature of actions, changes, and
expectations), andhereit is happening (e.g., location of focus, view extents, area of influence, or objects

in use)(Gutwin, 1996h.

In addition to these traditional awareness constructs, AR technology introduces more awareness concepts
into CWCW research. AR plays an important role in botfocated physical spaces and geographieally
separated places, because-merbal communicatiorsuch as eye gaze, pointing and body movement,

must be synthesized using computezdiated techniqgug€hastine2007). To achieve meaningful

information exchange and collaborative work in a shared physical spéarential awarenesand

spatial awareneskave been actively research&eferential awareness the ability for one participant

to refer to a set asbjects (e.g. via a gesture) and for that reference to be understood by &Dbéstine,

2007). It is desdbed as a process comprised of the phases of selection, representation, and

acknowledgemer(Morksharing, 2006Techniques that support these processes have been proposed,
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such as shosthrough technigues (e.@utwayandtransparencytechniquesjArgelaguet, 201}l as well
as contextual and environmental factors that influence referential awareness, such as occlusion,
visualization, and proximityChastine & Zhu, 2008 Using AR for spatial displays, graphics can b
overlaid onto real surroundings, thereby providing a shared referencé ftagether with speeéhto

communicate effectivel{Green, Richardson, Slavin, & Stiles, 2007

The second body of awareness research in HCI addi@sdésntinformationsystendesign issues, also

known asperipheral displayandnotification systemsyith some differentiation between théRPousman,

2006. Broadly speaking, researchers devealopbient display systero$this type that use a multitude of

everyday objects or things (e.g., lights, sounds, shadows, artificial flowers, mobiles, etc.) to display

various types of informati@n e.g., stoclprices, weather forecasts, or the presence or absence of

colleagues. Ambient information systems are created to convey information to users, which typically is

i mportant to a usero6s sense of well beirpgsormind gene
life (Pousman, 20Q06While some research in this category overlaps with CSCW research (e.g.,

sociotechnical systems), a sigo&nt number of research studies has emphasized the representation of

i nformation about a user 0s -wrobjettetlatédinformatiknesughaso pl e a
network traffic(Pousman, 2006 For example, a system platform may be based on the integration of

ambient information displays (lamps, a table fountain, and a humidifier) to make people aware of web

based activitf{Schmidt, 200L

The third category of awareness research has focused on eantget systems. Context awareness is a

new field of research in HCI that did nobskly relate to user interface issues until the past decade or so
(Hakkila,200§. The texamafieocbeput i ngobyBchist(199%asst i ntroduc
c omp ut i adagpts achoading tdiits location of use, the collection of nearby people and objects, as

well as changes tthose objects over timé€p. 23) . Since then, contex@ware computing has often been

linked to research on ubiquitous computing, pervasive computing, and situated cotfipotirigh,

2004. From ahuman factors perspective, the motivation for developing a cemexte system is to
compensate f or & sushuiasdeficifs e attemtiomj memndryi, leamismg, comprehension,

and decisiomaking by t he systemds ac q uits sontéxiofase thmdgh thenubeo r mat i
of sensotbased computational toalRogers, 2006 Related definitions of contegtware systems also

exist. For this study, the following definition of a contextare systemhashee adopt e d: ARThe
that uses context to provide relevant information and/or services to the user, where relevancy depends on

t he us gAbéval ettala 98P0

Contextaware applications have been used to support three kinds of features: 1) presenting context
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information and services to users, 2) automating an action for users, and 3) tagging of context information
for later retrievalDourish, 2004 It must be noted that conteatvareness is not limited to mobile

devices, but has been applied to a various other applisaas web for example, automated video and

audio capture in a lecture room, house front doors, smart furniture, hospital beds, and mobile handheld
devices. These applications, which have been widely adopted by a diverse group of users (especially in

theform of mobile phones), constitute an interesting platform for coaearenesgHakkila, 2009.

The fourth category involves situation awareness research, which is also the focus of the current study.

The next section will provide a thorough irew of the body of situation awaress research.
2.2 Situation Awareness and Situation Awareness Theory

As previously described in the Introduction to this study, SA research has been a human factors research
topic for decadedPespite some common interpretations of SA, researchers have yet to agree on a single
definition for situation awareness, although the following three schools of thought seem to predominate:

1) SA as a psychological phenomenon, 2) SA as an engineeringpttinat resides in the world, and 3)

SA as an emergent property arising (Sorensem S@adon,p | e 6 s
& Banks, 201 Among those different perspectives, Endsl
(Durso & Sethumadhavan, 2Q08.D. Wickens, 2008 Situation awareness, according to Endsley, is
informally defined as Aknowing whatds going on ar
means t o you no(Endslay2000,my tahred ,f umourreabhepecceptioa dfthy , as A
elements in the environment within a volume of time and space, the comprehension of their meaning, and

the projection of their status in the near futL(iendsley, 2000, p.27)

Despite claims by soeresearchers that SA is derived from instinctor évenx-4 e mas ory per cepti
(Klein, 1995, SA has been recognized as a critical, yet often elusive, foundation for successful decision
making across a broad range of complex and dynamic sy@dmdsley, 1995pbSalmon et al., 2008t is
operationalized in terms of informatigmocessing states in the mind of operatbetween the perception

and decisiommaking stageéEndsky, 1988 Endsley et al., 200Endsley, 1995pSorensen et al., 2011

Wickens, 200BEnds | ey6s (1988) SA theory grounds the con:
human information processing mo@®@lickens, 1992 It encompasses perceptual and comprehension

processes, but not decisiaraking and responssxecution processeshis theory resulted in a thréevel

SA framework: perception, comprehension, prgjection(Endsley, 1995pEndsley & Kiris, 1995

Also, despite numerous cognitive processes involved with SA, there are some critical cognitive

mechanisms rated to the development of SA, ilisstrated in Figure §Endsley, 1995pWickens, 2008
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221 Endsl eyds I nformation Processing Framewor k
En d s | e yldvel thdoreticat femmework considers SA as emerging from complex cognitive processes
(Durso & Gronlund, 1999Vickens, 2008 It describes SA as a state of knowledge that results from the

processes used to achieve it. That process is known as situation ass@&sdstey, 2000

Level 1SA:Level 1 comprises oneds perception of existi
SA, one has to perceive the status, attributes and dynamics of the relevant elements in the environment. In
this process, attention is directed to the most rele@ritonmental cues, which are based on task goals

and past experience in the form of mental models or schemata. For example, in Level 1 SA, a military
commander would need to perceive data on the location, capabilities, types of weapons used, numbers of
vehicles, morale and condition of his own forces, and of enemy forces in the surrounding environment.
Level 2 SA: Level 2 comprises the comprehension of the current status, which is achieved through the
integration and synthesis of the information achiandcevel 1 SA. To reach comprehension, the

individual must possess an understanding of what each element means in relation to his or her situation
and goald mostly in the working memory system, which goes beyond perceiving simple information

that is preseted in a given situation. Level 2 involves integrating pieces of information, as well as

prioritizing the perceived information and meaning as it relates to goals and objectives. To achieve Level

2 SA, that military commander would need to comprehendufrertt status of his own troops, the enemy

troops, and civilians in relation to the current tasks and mission goals.

Level 3 SA: Level 3 SAntails projecting the likely future status of a given situation, which involves
predicting the anticipated statokindividual elements within the current environment. If an individual

can anticipate and envision the future status or actions of elements in the environment, he/she will be
more likely to predict what might happen nékb. achieve Level 3 SA, that sarmemmander would be

able to predict how and where the enemy is about to attack as a result of a comprehension of the elements

of the situation.

In terms of elements of awareness, Endsley (2000) described the elements of awareness that need to be
includedcur rent state of the system (including all/l t h
futur e; information and knowledge required in sup
prioritized list of current goal(s); and informatannd knowl edge needed to suppo
future contextsTo achieve SA, the crew member may draw on various information resources, including:
sensory information from the environment, visual and auditory displays, decision aids and support

systems, extraand intracrew communication, and crew member background knowledge and expertise

(Endsley, 2000)Therefore, in complex and highly automated systems, besides spatial awareness, other
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elements of awareness, such as misgimal awareness, systemareness, and resource awareness
should be included as well (Endsley, 2000).

It should be noted that sources of SA vary between domains. In many domains, in addition to the SA
provided by the system interface, people may be able to directly view aridfoeaation from the
environment itself (e.g., pilots, drivers, machine operators), while in some cases they may not (e.g.,
individuals who have to rely on remotely transmitted informatiBnj.any given area and task under
analysis, it is necessary tetdrmine exactly what the sources and elements in this definiti¢&radesley,
1993.

Furthermore, because situation awareness is domain specific, it is not appropriate to say that a person has
fgood situati on awa raspedficawaredessdhvehashch aawdremessofi di cat e
surrounding traffic, of the approaching weatldithe state of automation in a vehicle, of the momentary
responsibility for tasks, ofastresse | at ed decrease in oneds physical
(Wickens, 19992000. For the remainder of this work, the focus will be on situation awareness in
exploratorynavigatior® specifically, to an awareness of the surrounding environment in urban
exploratorynavi gation tasks. To simplify toh®Awdsusedc ussi on,

to indicate situation awareness in termgmfironmentasurroundings.

Situation Awareness
Perception | Comprehension | Projection
Level 1 Level 2 Level 3

Figure2. Model of Situation Awareness adapted from Endsley (1995b)

Decision Performance

Making

Environment

of Action

2.2.2 Important Cognitive Mechanisms of Developing SA

Human rarely perform like perfecthational observers ofasituation 1't i s not fihuman nat
completely rational and impartial in considering what is important to look at, or be perfectly aware of

what is going on around thefdekker & Lutzhoft, 200% All theories of SA rely on the idea of

matching, correlating or creating capmndence between an external world of stimuli (i.e., objective

cues) and the internal world of mental representations, which is subjective in nature. A close

correspondence (or a good match) between the ment
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othe wi s e, a person wil |l have a fAdefi cidcéthatis, SA0 or il
achieving an accurate mapping between the objective world and the subjective representation of the
world. The awareness of an objective world is called an B&alvhile that of subjective representation

is actual SADekker & Lutzhoft, 2001 Thus, the design goal is to support users to achieve their best SA.

Despite the fact that thenvironmenin amobile context may bkess complex than it is in more
multifacetedenvironments, such as battle, aviation, or emergencies (i.e., where situations can change very
quickly), the fundamental principles are the same. Two main sources contribute to SA development: 1)
explicit focus or active knowledge in working memory, ané@licit focus or less active knowledge

that is relevant to the current situation in leiegmn memory. The first related notion is attentibhe use

of attention in the human information acquisition or perception process presents certain inherent
constrants on human capability to accurately perceive multiple items in parallel. This represents a major
hurdle in SA(Endsley, 1995 Direct attention is needed not only for perceiving and processing cues, but
also for the later stages of making decision and response exgétniisiey, 1995h Attention demands

a focus on information needs, decisiorma ki ng, and mul ti ple tasks, which
attention capacityEndsley, 1995p Attention to information is prioritized based on how important that
information is perceived to H&ndsley, 200D To form good SA, a system should help people direct

their limited attention in efficient ways to the most taslevant andmportant informatiorto gain

sufficient awareness of what is going (@ndsley, 2000

Once perceived, information needs to be combined, interpreted and projected in working rAemory.

constraint of SA is limited working memory, or working memory losses. People may not be able to

remember wher information was initially perceivedones & Endsley, 1996The implication for design

is that the system should provide a means of integrating information without overloading working
memory(Endsley, 200 Several strategies to reduce the effect of working meom§A have been
suggested in the Iliterature, including informatio
(e.g., encoding only relative values of information), and providing external memor{Endsiey et al.,

2003 Endsley, 2000Jones & Endsley, 1996

Attention (selective attention) directs the acquisition ofrimiation essential for Level 1 SA. In this
process, longerm memory knowledge, which is stored in the form of a mental model or schemata,
directs attention to support Level 1 $Aickens, 2008 For example, if someone already has some
knowledge of a particular landmark or a historic scene, when revisiting that |deetstrewill pull from

their longterm memory to recognize or recall the relevant information about that place. Knowledge of

structures (e.g., expectancies) aids understanding and comprehension of therteiartgwocesses.
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I't must be noted that the relationship between th
long been discussed. Although they are both conceptuallsrnh@é represent abstract notig@saik,

1943, the distinctions and connections between these two continue to intrigue human factors researche
Ment al model s represent an ol der concept that dat
The Nature of Explanatiolsome have asserted that there is certainly some overlap between SA and

mental representatiorfStanton & Young, 2000 Endsl ey stated that SA fican
pil otds internal mo d e | of t HEndskeyo 1988dn essencey3Ad hi m at
represents the current state of the mental m@dedsley & Garland, 20Q00For example, one can have a

general mental model of what a car engine is, but the SA model is the state é@vsd#di be in now

(e.g., fuel, temperatu@wh at Mogford termed a fia Mogfddal t compr e
1997. So in addition to having the current value of engine temperature, the situational model also

contains an understanding of the impact of that state on projected events (e.g., whether the engine might
overheat)Endsley, 200D Overall, the mental model and schemata are believed to be central mechanisms

for overcoming limited working memory constraints to forming SA. More discussion about this topic can

be found in(Endsley et al., 200Endsley,1995h 200Q Endsley & Garland, 2000

Some researchers hasmphasized the role ofteractionbetween the person and his/her environment
(Smith & Hancock, 1995 In this sense, SA is best understood as the interaction between people, their
environment, and the artifacts within it. SA is conceptualized asoitmpetencéhat has amivariant
structure but can be adapted bytapninute knowledge from interactions with the environn{@mith &
Hancock, 199p Performanceds dependent on information available in the environment, while
competenceés independent of the particulars of a situati®mith & Hancock, 1996 This view guides

the process of constructing knowledge (the big picture) of both current andelezits. This reinforces
and emphasizes that there aoene thing# a situation that are critical and relevant to the goals at

hand but there are also other things that are not relevant @ralsley, 1988 Thus, SA may be good

or poor depending on the factors that constrainitit@taction(Endsley, 1988

Additionally, the literature suggests that some individuals are better at SA than others because of
individual differences in attribute$he main body of this type of research has focused orita@gn

factors that affect SA in complex situations and systems. Endsley and Bolstad (1994) described a
relationship between spatial and perceptual skills and SA. In a stédyfedrce F15 pilots, flying
experience has been found to be an effective predictor §C8#etta, Perry Jr, &ee, 199% When
controlling for flying hours, cognitive factors such as working memory, spatial reasoning and attention

were positively correlated to SA. Researchers have also reported that working memory and psychomotor
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abilities are correlated witihhdividual differences in S&AGugerty & Tirre, 199% Moreover, personality

was reported to correlate with SA as w&aus, Johnsen, Eid, & Thayer, 2D12

2.2.3 Situation Awareness vE&omputer assistance

As stated previously, mobile augmented realipile AR is a fastgrowing, massnarketed domain in
both aademic and industrial research. Curmaobile ARresearch at universities and corporations is
primarily funded by the military and targets advances in satellite navigation;ineadsplays for pilots,
navigational support, communication enhancemesntajedl as civilian uses for some of these
developmentg§Van Krevelen & Poelman, 20L0nterestingy, SA is also a concept stemming from
military research that is being extended more generally and broadly to driving, healthcare, and other
application domains. SA theory has great potential for providing a rich and multifacetbdd ARuser
experienc€UX), given its explanatory nature and theoretical guidance in various mobile application

areas for regulanobile ARend users.

Specifically, SA theory has had a significant influence on cognitive engineering; SA is also important in
cognitive ergonomigssues related to training, teamwork, automation, and the design of new-human
technical system@urso & Sethumadhavan, 200€ ognitive processes for developing SA from
perception to comprehension to projection can be aided by computing s{Btass & Sethumdhavan,
2008 Holsopple et al., 2020with most SA errors arising from a failure to obtain essential information
(Stanton & Young, 2000 0vercoming human information processing limitatidimited attention,
perception, working memoyys an essential part of systems design (e.g., medical systems, aircraft and air
traffic control systems, information networks, offices, automobilesgpplants) or internet design

(Durso & Sethumadhavan, 20@ndsley et al., 2003These design implications have been important in

a variety of contexts, including commercial and military aircraft, air traffic control,-sygems

operations, tactical and strategic systems, driving, and medical detialang(Endsley, 1995

Endsley (2003) described that the way in which information is presented to the operator through an
interfaceinfluences SA. For example, establishing and maintaining fireground situation awareness is
critical for effective rescue, fire control and property conservation involving teams of firefighters
performing a full range of assigned tasks at the same(fitaa, 200§. As one design application
developed to achieve this goal, coloring the involved area as red, the vulnerable area as yellow, and
uninvolved regions as green within a fire area represents some basi¢ tactipanents that show the
geometry and the geography of the current fire location, the size of the fire and itAtath2008.

Some additional questions of interests relating to SA are (1) how long thesibeda burning, and (2)

what type of structural material is burniGgih Nat i on al FMires FAmgmu &Ir . Nemor t , 0
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Despite impressivadvances, system design has also been challenged and complicated by many factors.
Studies have shown thidtere is an interesting relationship between SA and human performance under
different circumstances. For example, when a driver in a car was aidepdnfect navigation system, the
driver would pay less attention to the environment; as a result, his/fher SA would actually decrease in
comparison to the driver using the imperfect driving(dMa & Kaber, 200Y. However, in most real

world domains the need for SA remanparticularly in cases when reactive stimufasponses are not
enough and more proactive, goliven cognitive processes are needed for successful performance
(Endsley, Bolté & Jones, 2003

2.2.4 Evduation Methods of Systems for SA

2.2.4.1 Evaluation of Information Systems

Scriven distinguished between two types of evaluation in information systems evaligatizativeand
summativéScriven, 19911996. Although distinctions between the two are not entirely dichotomous
(Patton, 200p they do represent different processes. Formative evaluation usually takes place during the
design process, when prototypes or system versions are produced and e{@tuiated, 199). For

example, lower fidelity prototypes (e.g., wireframes and paper prototypes) are typically representative of
formative evaluation outcoméBumas & Fox, 200P In contrast, as the adjective suggests a summative

evaluation is meant to evaluate a program at its conclusion.

In general, information systems can be evaluated either asaigticalmethods (involving modeling and
anal ysis of a syst e moOanpificalmethads @sgolviagolservatiopsloti othert i on s )
data collection requiring user involveme(f®osson & Carroll, 2002criven, 199% Both methods

involve three differenttsategies of evaluatiomgoatbased evaluatigrgoalfree evaluatiorandcriteria-

based evaluatiofCronholm & Goldkuhl2003. The first isgoalbased evaluationyhich is driven by

specific goals to measure the extent to which an information system has attained clear and specific
objectives. The fulfillment of goals can be evaluated using either quantitative ortiuebteategies (or

both). A quantitative strategy is designed to determine if a particular goal (or goals) has been fulfilled,
which is expressed as a numerical outcome. Conversely, a qualitative strategy seeks to describe in words
how certain goals arfelfilled. The second igoalfree evaluationwhich is a more interpretive strategy;

it does involve formulatingny specific goals, but instead aims at a deeper understanding of what is to be
evaluated. Typically, this type of evaluation involves a walgge of stakeholders, and the evaluator

makes a deliberate attempt to avoid all rhetoric related to goals. The ttritenis-based evaluation,

which typically utilizes a predefined set of criteria such as checklists, heuristics, and principles. The

citeria used are grounded in and derived from one
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checklist, which emerges from cognitive sciefidlsen, 1993Jakob Nieten & Molich, 1990 The

criteria are general and not as specific as goals.

2.2.4.2 Evaluation of Systems for SA

Because SA is an internalized mental construct, creating measures to adequately evaluate and describe it
is not an easy task. Several ways ofgifggg SA measures have been identified. Researchers have
categorized them into six measures: retrospective, concurrent, subjective, process, performance, and
signal detection theoretic measu(€savell & Schopper, 1994or into three categories: dime indices,

indirect probes, and modbhsed approaché8dams, Tenney, & Pew, 1995SA measures have also
beendescribed as two orthogonal dimensidratline or off-lined crossed with direct and indirect
measurement, or more general categorization of subjective measures, query methods, and implicit

performance measures.

For this proposed studig, n d s | e y 6 swerewsdd empichrgrioup SA measuresdaect measures
andindirectmeasures; these are further divided into process measures, and behavioral and performance
measures (sdegure3) (Endsley & Garland, 20Q0Indirect measures involve inferring SA from

observable processes (including verbal protocols, communication analysis, and psychophysiological
metrics), behaviors, or performance outconiBgect measures are considered a better way to measure

SA than indirect measures because the latter are nottama are harder to confirfgndsley & Garland,

2000. Direct measures can be cateiged as botlsubjectivemeasures andbjectivemeasures (see

Figure4).
Process Direct .
Behavior & Performance Measures
Measures Measures
Information . .
> Situation S . S S
Assessment Decisions Performance Outcomes
Awareness
Processes
User

Figure3. Approaches to SA measurement from Endsley and Garland (2000)
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Direct Measures

e N

Subjective Measures Objective Measures
1 Selfrating 1 Online freeze probe
1 Observer rating (e.g., SAGAT)
1 Questionnaire technique$ 1 Online realtime probe
(e.g., SART) (e.g., SPAM)

Figure4. Direct measures of SA

2.3 Navigation and Spatial Knowledge

2.3.1 Navigation

Navigation refers téhe process of solving one class of spatial problems, the movement of a person from

one locationon he eart hdés @Oownd&aStea 1990t has been defmad as the behavior

of moving towards a destination with all the motor, sensory, and cognitive processes that it involves. In a
virtual environment, navigation refers to the overall interaction of moving within and around an
environmentjnvolving bothmotion(also calledravel) andwayfindingactivities(Bowman, 1999D.A.

Bowman, Koller, & Hodges, 199Darken & Peterson, 200&rasset et al., 201.IMotionrefers to a

u s e r éevel motomactivities to control position and oridn within the environment. It depends on

skillfully coordinating actions to avoid obstacles in the immediate (f&iks & Blasch, 2002

Wayfinding defined in terms of spati al problem sol vi ng
in the everyday environme(®assini & Proulx, 19881t is the means by which a person emyglbis or

herspatial orientatiorto maintain a heading toward a destination, regardless of the need to avoid or move
around obstacles in his or her péRoss &Blasch, 2002 Spatial orientatiorrefers to the ability to
establish and maintain an awareness of oneb6s posi

environment and relative to a particular destinaférantham, 1996

From an information processing perspective, the process of wayfindibeen defined as a composite
of three interrelated processedscision makingwhich results in a plan of action or decision plan to reach
a given destinatiorgecision executingvhich transforms the plan into overt spatial behavior and
movement at the right place in space; arfidrmation processingvhich involves devising environmental
perception and cognitive activities that permit the former two deersiated processes tacur(Passini

& Proulx, 1988. In this process, wayfinding involves hidgvel cognitive activities. Specifically,

wayfinding (navigation) has been divided into four activities: 1) oriergmegelf in the environment; 2)
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choosing the route (or making a plan for the next action); 3) keeping on track; and 4) recognizing that the
destination has been reacii&bwns & Stea, 1977 These activities require acquiring and structuring
spatial knowledgéDoug A. Bowman, 2009arken & Peterson, 200%rasset et al., 2011

2.3.2 Spatial knowledge

Spatial knowledge is essential for navigation activities. Associated with spatial knowl¢age is
fcognitive map, 0 which is a (Hamn a3 Aceaomdinggos ent at i on
Hutchins (1995), one must possess saapresentation of space ma@ whether internally inscribed in

the mind or as an external tool . Within the map,

determinate location.

There are several types of spatial knowledge of an envirdn@gea longstanding, we#stablished

model of spatial knowledge representation is the Landmark, Route, Survey (LRS) model described by
Seigel and WhitéSiegel & White, 197h and subsequently refined by Goldin and Thorndg@din &
Thorndyke, 198)L The LRS model describes the classification of and the development process of spatial
knowledge Landmarkknowledgeefers to the visual appearance of salient, static, and orientation
dependent cues and objects in the environment. This knowledge is developed by people directly viewing
the environment or through indirect exposure to it (e.g., viewing a series of pipb®gRoUte

knowledgeefers to a poinby-point sequence of actions needed to travel a specific route. This knowledge

is developed as landmarks are connected by paths. It provides information on the distance along the route,
the turns and actions to bdém, and the ordering of landmarks. It can be thought of as a graph of nodes
and edges that is constantly growing as more nodes and edges are added. As the graph becomes more
complete surveyknowledgds developed. Survey knowledge refers to the relatiprizetween landmarks

and routes in the environment in a global coordinate system. This knowledge can be acquired by repeated

navigation trips in the environment or by using a navigational aid (e.g., viewing a map).

In terms of an urban context, a citysimilarly classified into five types by Lynch (196@ndmarks,

paths (routes), nodes, districdadedges.A landmarkis a particular place that can be used as a reference
point, which issimilar to the definition in the LRS mod&athsare channelthrough which people

travel, such as pathways, hallwapadesare strategic points in the environment, typically the
convergence of paths, where wayfinding decisions are often Destiects are individual areas of the
environment with recognizable charagstics.Edgesare breaks in the continuity of the environment

(e.g., ariverLynch, 1960.

Due to the longstanding importance of landmarks for navigath@nnotion of landmarks continues to

attract research attention in both geographical and information contexts. Sorrows and Hirtle (1999)
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developed a formal landmark theory for real and electronic spaces. The researchers categorized landmarks

as follows:

Visual landmarksre objects that are visually distinctiveeatures that contrast with surroundings,

prominence of spatial location, and visual characteristics make them particularly memorable.

Cognitive landmarksave unique meanings that stand out. Tinay be personally, culturally or
historically important, but can be missed by those who are not familiar with the environment since they

have no markings or signage.

Structural landmarksre important nodes of intersecting paths whose importance comethé&i role
or location in the structure of the space, regardless of whether they are visually distinctive or not.

2.3.3 Navigation vs. Situation Awareness

In the navigation domain, situation awareness is important when navigating an envir(metst te

Brake, Buurman, Neerincx, & van Oostendorp, 20:1ttee generation of complete, accurate, andoup
the-minute situation awareness is essential for navigational tasks. For instance, the literature shows that
SA is important for navigational fieldworkers and emergency responders in varying scépewibs

2009. Mobile systems used by fieldworkers in dynamic environments need to be better desighed

only to enable users to process high volumes of data quickly and accunatehgre importantly, to

enhance outdoor use in various dynamic environments. Similarly, when an emergency occurs such as a
nuclear accident, the information regarding nuclear accidents is dynamic and the status on accident sites
changes frequently; peopheed to be promptly informed of the site location, escape directions, and other
critical information(Tsai et al., 201

In situations when SA is compromised, the potential for human error inc{&asdts 2009. As such,

there is an ongoing research effort dedicated to improving SA to minimize emergency responder injuries
and fatalitiegScott, 2009 According to the National Fire Fighter Nediss Report (2008), the loss of

SA involved with misinterpreting surroundings, not recognizing factors or cues, gathering incomplete
information, or being narrowljocused or impaired, are all consideredbéocontributing factors in near

miss firefighting events and involuntary unsafe occurrences that result in injuries, fatalities, or property
damage. Therefore, building up and maintaining SA is critical in navigation tasks and represents a

significant chdkenge for mobile navigation systems.

Navigation activities can be categorized as eitxptoratory navigatioror goalorientated navigation
(Kelly et al., 2009Yang et al., 201)1 People in these activities are involvediigeries of elationships

with the surroundings in which they are travell{#gorta et al., 2006 With respect to exploration and
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navigation behaviors, users usually walk while intermittently looking at their surroundings, to acquire and
keep their situation awarenésse., atempting to determine wh at i s ardwhdt 6 8eqoi agd

around t hem. o

With regard to operational behaviors of navigation, researchers have investigated the behavior of a
pedestrian abe/shewalks from origin to destination. Accordingly, obsengeiestrian behavior

includes changes in speed, changes in direction, passing strategies, and distance betwegisbbjects

& Strawderman, 200)0At this level, the decision to change speeds (e.g., slows down or stops) is
dependent upon the pedestri and svargnesa.lThe speaddfthhi s/ her

pedestrian will remain constant unless conditions for change are pre@désited & Strawderman, 2010

In terms of interacting with the environment, people have to be sitemtiare and take in a high volume
of information to navigate the spadsher & Strawderman, 20L(Navigation is a complex behavior,
requring the subject to perceive the environment, deduce the significance of the environment, and
subsequently select where to go based on the learned diteniaer & Mizumori, 2011 Ingold (2000)

provided an example of hunteré6és trade to illustra

The hunter learns by accompanying more experienced hands in the woods. As he goes about, he
is instructed in what to look out for, and his attention is drawnutiles clues that he might
otherwise fail to notice: in other words, he is led to develop a sophisticated peresytehess

of the properties of his surroundingsd of thepossibilitiesthey afford for action. For example,

he learns to register thoseatjties of surface texture that enable one to tell, merely from touch,

how long ago an animal left its imprint in the snow, and how fast it was travelling. (p. 34)

With respect to Ingoldés (2000) examplfefromi n expl o
perceiving relevant salient and/or subtle environmental cues in his navigation task. In other words,

people perceive environmental cues in their navigation activities and these environmental cues, in turn,

help with subsequent activities. Funthire, evidence in navigation research of the visually impaired,
reveals that people with visual i mpairments make
cues(Yang et al., 201}l These navigational aids are either {egh (e.g., white canes or guide dogs) or

high-tech (e.g., GPS devices or electronic obstacle avoidance systems). It is well established that with the
help of navigational aids, the visually impaired compensatmigsed information through other ron

visual environmental cues to increase their awareness of surrou(fasgini & Proulx, 1983

In summary, navigation activities involve sensory perceptEarning and decisiemaking, memory

consolidation and updating, and planned movertReener & Mizumori, 201)1 In navigation, without a
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predetermined destination people must have a relathoelyrate awareness of their immediate and

evolving situation to plan effectively in dynamic and varying environm@titskens, 1999 in essence,

one observes their surroundings and makes corresponding deflisibies & Strawderman, 2010

Processing information such as visual landmarks, structural landmarks and subtle environmental cues is
not only important i n g uitiohjitralgo peovidesstre usersvithradditiongl at i o n
information to browse, observe, and select between alternatives based on their goals or \litdrests.
computeraided guidance systentte user is able to effectively decide whiRiints of InterestPOl) in

the encompassing environment to focugJatob, Mooney, & Winstanley, 201Z asks involving these

activities correspond to the more general concefptguation awareness, requiring perception,

comprehension, and projection of the state of the surrounding environment.

2.3.4 Model of Navigation

In line with Darkerand Peterso(2002) and based on the model proposed by Jul and Furnas (1997)
(Figure 49 most other navigation moddl€hen & Stanney, 199®owns & Stea, 1977are either too
specific to one type of environment, or they do not capture the intricacies of thé ileskise,
considering that navigation is a situated ac{®achman, 1987 effective planning and task execution
are intertwined in the context dfe situation(Spence, 1999 The following quote by Darken describes

how the model works:

Il 6m at the shopping mall and decide | need a p
howshould | go about finding shoes? | decide to try the department stores. Department stores are
typically on the far points of the mall. | have just formulated a strategy. The next step is to gather
information so | donodt wideltdkseet dufa mamofthe malalam o m d i
acquiring information and scanning (perceiving) my environment. This is the tight
wayfinding/motion loop referred to earlier. | view my surroundings, assess my progress towards
my goal, and make judgments as to ltowguide my movement. At any time in this loop, | may
decide to stop looking for shoes and look for books instead. This is a change in goal. | could also
decide to look for a small shoe store instead of a department store. This is a change of strategy. In
any case, the task continues, shifting focus and process as necessary. (p.5)

As can be seen in Figure 4, there is an apparent gap beja&diormingandstrategy selectian

Generally people have limited decision plans before embarking in the environthepineed a great

deal of information about their immediate environment that can be obtained from awareness of

environmental cue§.hus, a recurrent influx of information is required to ensure they are aware of what is

happening around them, determineanéhthey want to go, and enable them to make a decision and

execute the appropriate action at the appropriate juncture.
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In exploring their immediate environment, people need to be able to access and browse essential

information about their surroundingscéessing and browsing this information not only links to a

particular navigational performance, but it also helps foster a greater sense of awareness during

navigation.A mobile computer could assist this process. Particularyplile ARinformation browser,

as one of visualization solutiorsan be used to bridge this gap, amobile ARtechnology enabled with
locationbased service is the required tool to achieve it. It mediates the experience of the user who is
constantly interacting ith the real world with overlaid virtual information and provides users with such
information about Awhatdés going ono in their surr

The next section will provide the latest researcimoibile ARresearchn the domain of navigation.
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2.4 Model of Situation Awareness inNavigation Systems

As stated, situation awareness is used to describe how well a person understands g[Sitdatéyn

1995h. For instancein a war situation, leaders need to make prompt decisions and synchronize forces

based on all available informatdrand i n particul ar by answering ques
AWhere are my friends?06 fAiWhere ig?d h®i minleanryl?y, fAiWh
area (e.g., on a busy street), an individual (perhaps a visitor) needs to be aware of what is around them

with respect to obps, places, events, and méovemake informed decisions of what they will do ext

with or withoutape def i ned goal in mind. Answering question
building standing in front of med AMsiWhgwbecannk
find a nearby restaurant with some entertainment (e.g., live music) anthetio f diWannér 20 be ab
to get to that AplHaoaoe |iomg20 smitmet eva? d wilihélpthemgo t o t
make decisionsConsider visiting a busy, bustling city where you will later meet a friend. You come

directly out d the hotel and make your way to the center of the city. You stroll around on the street

without knowing where you want to go or what you can do in the nearby region for the next three hours

before your local friend comes to meet you. This is a simple geaoh a situation where knowing what

is around you and what is going on is important to useitteigontext of urbaaxploratorynavigation.

I n a sense, a usero6s environment i s |l aden with nu
sensegPyssysalo, Repo, Turunen, & Lankila, 2D00Che individual not only engages with the immediate

physical environmente/shealso engages with the virtuchnological environment offered by digital
augmentationsThese digital augmerttans are tightly woven into the material and social fabric of cities

to engender different ways of experiencing tH&uordon & e Silva, 20L11Graham et al., 202

Therefore, an object in such an environment possesses both physical attributes and a digital augmented
representation. Information comes in all sorts: the location; direction and distance of places and possibly
moving objects and persons; virtual inffotma on, such as friendsd footprint
and objects, recommendations and reviews, local alerts, local news, air quality of region and weather
information(Gaonkar, Li, Choudhury, Cox, & Schmidt, 2008his data is constantly available and is

increasingly reflectivef reattime events rather than tifl@ggard informatior{Graham et al., 20312

Reitmayr & Schmalstieg, 200%ia

2.4.1 Situation Awareness in the Digitally Augmented Space

In the case of the aforementioned scenario (visiting an urban area), this definition could refer to where the
interesting places are, understanding what has happened and is happening there, and projecting where one
will be ator what will happen in near fure (e.g., a few minutebalf an hour. SA theory provides a

theoretical perspective by which to examine user needs in the digitally augmented space. It stresses a
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holistic way to view an individual 6 gactiwithfther mat i on
surrounding environment. Indeed, spatial understanding cannot be disconnected with its identity and

temporal components.

Moreover, in an increasingly digitalisgonnected world, the social component, as exemplified by social
participation andocial collaboration, is gaining importance as an information interaction g(Qaunihts

& Fisher, 2008Gaonkar et al., 200Q8Interactions between acquaintancedbéged social networks and
unacquainted individuals commonly occur in the context of urban exploratory navigation. Serendipitous

social netvarks are situatioentric, where the traveler interacts with unacquainted individuals; thus,

such relationships are typically instantaneously constructed, continuously changing, and easily dissolved.
Alternatively, acquaintanceshimased social networkseamostly peebased, where one generally

interacts with friends and acquaintances based on existing soc{dhtigs Choe, & Song, 201 For

example, a tourist travelling alone in a foreign country may come across another traveler, initiate a
conversation, share experiences, and exchange travel tips. According to Jang (2011), these two

individuals are sharing the same immediate situation in such a context. A recent survey reveals that users

may be willing to help each other and answer quedli@wen if they are strangérdased on a concept

called altruism(Morris, Teevan, & Panovich,20l0 Such Aki ndness of stranger ¢
belief that the helped one is simitarthe helper in such situatioffSonstant, Sproull, & Kiesler, 1996

This type of social partipation forms abroadid e f i ned category of fsocial coc
those who need information to those who can provi@iédhstant et al., 1996

To sum upsituation awareness informationthre context of urbaaxploratorynavigation is associated

with the following components:

1) Spatial componemnwhere a person develops awareness about a place and can detect or monitor
what is happening there. Spatial awareness helps mobile users to be aware of and understand
places in the surrounding environment. For example, knowing the location, direction, and
distance of places and possibly moving objects and persons (including oneself) in surroundings.

2) Temporal componemrovides awareness about past, present, and future activities that are
i mportant to a mobile user 6 smpgrastintemppmald t as ks.
coordination because it helps users align their own actions to a log of past activities, to current
activities, and to the anticipated future flow of activities. For example, a mobile user who has
several hours to spend in the centiethe city can plan his activities, adjust the allocation of time
on those activitiegjetermine activity schedules (e.g. shows and movies schedule, open hours)

and identify upcoming events of interest in the nearby region. In addition, one can project
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themselves into a future state or a specified place where they could find themselves in, say, three
minutes time.

3) Attributes(identity) componenhelps mobile users to be aware of what is happening in a place,
any activities taking place in the surroundanyironment (e.g., a museum status of a series of
exhibition), the people who are there, or relevant information about the identity of the place (e.qg.,
activities recommended by other visitors).

4) Social componerlays an important role in exploratory ngation. According to a recent survey
about the types of questions that people ask members of their social networks, those that fit the
scope of this research include the following: recommendations, opinions, factual knowledge,
invitations, and question tasd which would include places, restaurants, current events, and
shopping(Morris et al., 201

2.4.2 Proposed Mdel and Framework

SA involves the perception of the elements in the environment, the comprehension of their meaning, and
the projection of their status in the near future. It is important to support each level of cognitive process
(SA L1 perception, SA L2omprehension, and SA L3 projection) to achieve situation awareness. Based

on SA theory, thre¢evels of SA usingnobile ARsupport in the context of urban navigation is

developed, comprising levels of perception, comprehension and projection. A scheatichat

illustrates the process is shown in Figure 5. Level 1 encompasses the perception of characteristics and
attributes of individual elements of interests, such as people, objects, places, and events in the real world.
Level 2 consists of recognimy properties of elements, patterns, and relationship among elements in or
across a particular group. Level 3 involves making a projection of the surrounding environment in the

near future. Note that oneds s itinuouaand daymamie war enes s

changing process that is fAupdatingo itself consta
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SA L3 Projection

SA L2 Comprehension

SA L1 Perception

Real World

Figure6. Three levels of Situation Awareness andbileARgui dance systems?o

Additionally, from a more holistic standpoint, decisimaking (e.g., where to go, what to do next) and
action execution (e.g., navigating to the place of interest) are downstream from SA (Seé)Figure
Decisionmaking is regarded as a downstream human information process of simaimness
formation originally pr op (Esdsléeyetiain 200Fndslef h985% | ey 6 s
Endsley & Garland, 2000 One 6 s s i tssushould be supporeafaciditateesubsequent
decisionmaking, such as navigag to the target plac&ne can decide which place or activity to go to in
the nearby area if he/she is aware of places around the area, their identities or status, and temporal and
social components associated with them.
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2.5 Mobile Augmented Reality (Mobile AR) Navigation Systems
2.5.1 Overview of MobileAugmented RealityNlobile AR)
2511 Augmented Reality (AR)

Augmented Reality (AR) technology allows the reale fusion of computegenerated digital content

with the real world. AR has been widely used in sales and advertising, training and maintenance, desig
medical applications, robotics, education, gaming;\@eoalization, architecture, construction,

navigation, and tourisifAzuma, 1997Haller, Billinghurst, & Thomas, 200 Normand Serviges, &

Moreau, 2012Kolbe, 2004 Liu, Tan, & Chu, 2007Normand & Moreau, 2012Sielhorst, Feuerstein, &

Navab, 2008Van Krevelen & Poelman, 201¥im, 2010). In general, AR is regarded as a variation of

virtual environments (VE), or more commonly virtual reality (VR). AR differs from VEesthe former

is achieved with virtual objects superimposed upon or composited with the real world; in contrast, VE
completely replaces the real world with a syntactic environment where a user is inside and immersed.
Specifically, AR on the virtual/realconi nuum i s considered as a Amiddl e
(completely virtual) and telpresence (completely real), appearing to the user that virtual and real world

coexist in the same pla¢kishino & Milgram, 1993. Types of virtual information that AR augments

include graphics, audio, tactile, touch, smell, and {d&e Krevelen & Poelman, 20)® among which,

vi sual augmentation is the major real i zodfMewon type
provides users with fAextraodo information about the
completion of a taskWaltherFranks & Malaka, 2008Yu, Jin, Luo, Lai, & Huang, 20)0AR offers

superior intuitiveness and user interactivity over other traditional multanfgdn, 2010, enabling

people to interact with the surrounding real world in entirely different \iBijl;nghurst & Thomas,

20112, Feiner, Macintyre, & Seligmann, 1993ollerer, Feiner, & Pavlik, 199K urkovsky et al., 2012

Van Krevelen & Poelman, 2010

A variety of AR applications exist. As one of the pioneering AR researchers, Azuma (1997) published a
survey of six categories of potential AR applications, including medi@htenance and repair, robot

path planning, entertainmemtndmilitary aircraft navigatioriargeting. Recent research has categorized

AR applications based on different classification rules. Normand (2012) provided a review detailing four
taxonomy categies: technigueentered, userentered, informaticoentered, and interactiarentered

AR applications. Other researchers have proposed a classification system based on two main factors that
affect the visualization of locatidmased data: the environntenodel used, and the viewpoint used

(Suomela & Lehikoinen, 2004In this categorization, the environment model was used to describe the

different dimensions that users employ to visualize the environment, ranging from 3D (applications have
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an accurate 3D model of the environment and the lochtised data is placed @s actual location in an
augmented view) to 0D (applications present the data to the user, but nothing about its location or relation
to the user). The userb6s perspective Vview was use

as if lookingat it from a firstperson view or a thirgerson view.
2.5.1.2 Mobile Augmented Realitynfobile AR)

Since the initial prototype of the Hedbunted Display (HMD) was first introduced over 40 years ago,

mobile ARhas been a vigorous research field. The firstept) called an optical s¢lerough Head

Mounted Device, combined real and virtual images via a-samsparent mirrofSutherland, 1968

According to VaughaiNichols (2009), the first reahobile ARsystem in use dates back to the first
aircraftheadaip di spl ay, the BMarkiVils mt miricieppai pyos Raidal o Guea
Wi ndscreen project. This system is overlaid on a
about whether or not nearby aircraft are friend or(¥sughanNichols, 2009. Subsequently, the term
Afaugmented realitydo was co0i nedmointeddyaauddsmayfor ( 1992) ,
Boeing to help workers assemble aircraft parts by displaying virtual schematics. Simple wire frames and

template outlines were project on the factory floofCaudell, 1992VaughanNichols, 2009.

The earliesmobile ARnavigation system was a combinationteys of backpack and HMD by which a

user can view information around him or her by simply turning head left, right, up,(@imghurst,
Bowskill, Jessop, & Morphett, 19988 Based on Feinerds innovat- ve Toul
of-View (FOV) and head movement cont(8l. Feiner, Macintyre, Hallerer, & Webster, 199%ther

researchers continued to explore combining the use of backpack anebbidé¢bmobile ARsystems for

other appliation domains, such as outdoor gamifigomas et al., 20Q00navigation(Thomas, Demczuk,

Piekarski, Hepworth, & Gunther, 1998land historical reconstructiofiglahakis et al., 2002

Enabling technologies foanobile ARsydems have had to focus on technological advancements in
processing power to fuel increasingly sophisticated dediesn the first mobile phones that did not

have enough processing power, to mobile workstations and wearable PCs, Tablet PCs, UMPCs (ultra
mobile PCs), PDAs, and most recently the Smartphone. Smartphones are fully featweadhigbbile

phones featuring PDA (personal digital assistant) capabilities (e.g., data processing applications) requiring
large amounts of processing powRapagiannakis, 200&an Krevelen & Poelman, 2010 ikewise,

software architectures such as wireless networking, tracking, and registration components have rapidly
changed and diversified. Wireless networkingrfarbile ARnow includes wireless WANSs (wireless

wide area networks) and 3G (the third geriertnetworking, WLANSs (wireless local area networks),
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and WPANSs (wireless personal area networks). Tracking and registratimolide ARcan be described
as optical markebased, optical markerless, GPS, etc. Most notably, since 2004 rhagest trackig
technologies used by simple image processing pHmnasbeen transformed to techniques using
markerless tracking algorithms, creating the basis of Smartdieses tracking techniques for public use
(Mohring, Lessig, & Bimber, 200Reitmayr & Drummond, 20Q6NVagner, Reitmayr, Mulloni,
Drummond, & Schmalstieg, 20P8

2.5.2 SmartphondasedMobile AR Navigation and Locatiothased Services (LBSs)
2.5.2.1 Smartphondasedmobile ARNavigation Applications

Many publically availablenobile ARcity guidance applications have flooded the market, gaining
popularity for use across different mobile platforms. Two main drivers are behind this trend. First is the
availability of AR-enabled Smartphones as PDAs, #retechnological feasibilitpf Smartphone

devices with high resolution touch display, GPS sensors, magnetoffirehrket al., 201Pand faster
networks and cloud computirfinaza et al., 2012 Evidence of this proliferation is apparent. The
installedplatformof AR-cgpableSmartphonebas increased dramatically, from 8 million to more than

100 million in 2010, moreover, Smartphone manufacturers have started to preload AR browsers into
handsets (Kaufman, 2011). Adding to this is an increasing number appliRationsfor Smartphones

that are available to users. In March 2012, there were nearly 1440 applications with descriptions listing
AR as a f eat ur gore?, mcludimg polriet @ddes afdwsightseeing applications. AR
softwaredevelopment kitsuch ashe metaio Mobile SDE, either from leading platforms anobile AR
companies for use byobile ARdevelopers, have also proliferated. A research report andbéde AR
market indicates that the increasing number of brands, retailers and mobile venelstiagrinmobile

AR applications and services and global revenues are expected to reach 1.5 billion dollars by 2015
(Kaufman, 2011).

Second, Locatiorased Services (LBSS)used with Smartphones and other types of mobile

technology are another major dring force behind MARSs entering the mainstrgafaughanNichols,

2009. LBSs (also known as locatieaware service, locatierelated service, and location service) are
defined by the GSMassociatidiGlobal System for Mobile Communication) as services that use the

|l ocation of the target for adding value to the

target is not necessarily the user of the service). Lochtised technologgverages context information

12Application store for iPhone http://itunes.apple.com
13http://www.metaio.com/software/mobilﬂjk/
14http://www.gsma.com/
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about a physical location to provide information that is tailored to ouswresddi location, providing
service such as filtering of information (e.g., for selecting nearby places of interests) or showing the

location of a teget on the mapKupper, 2005.

In another words, mobile phones enabled by LBSs can detect our context infoimatigsical space

(A. de Souza E Silva & Sutko, 201 After the release of GP&abled phones in the United States in
2008 (iPhone3&and Googl eds An dt9ptiepopuapizatiomand cogmeiglisatioa m
of locationaware applications have dramatically increased. For example, supported by lbaatdn
information,mobile ARcan be used for exploring locatidhssocial networkintf, acquiring information
(e.g., quality and price) about a new restadfatite name of the stars and constellations over your
head™, the names of the mountains in front of 3611 what crimes have recently been committed in

your neighihood*, and many more.
2.5.2.2 Locationbased Services (LBSs)

Since the midl990s locatiortbased services have increased due to the proliferation andpvied

adoption of locatioraware technologies such as IrDA, RFID, WiFi and Global Positioning Systems

(GP9. Meanwhile, the mobile phone industry is spearheading rapid advances in mobile technology

delivered through Smartphone termin@iéest & Mace, 201). Together with the use of mobile data

services and evolving Smartphone technology, the delivery of LBS creates value through live

entertainment, news, sports, and other information, as well as applications that add functionality to the
device(West & Mace, 201pFr om t he user ds perspective, this ena
which nearby restaurants are the magiylar, to check on traffic, to find particular information about a

location, to access plaspecific information about a place, efde Souza E Silva & Sutko, 2001From

the service provi der -a&ledpevicestpaepcovideyaenew shuBcs of rewenua forv a | u
multiple stakeholders in the mobile value chain, which can be generated from their investrinezds in
infrastructurgBerger, 2003Rao, 2003 Although there is no consensus on the scope or definition of

LBSs, in essence they are computer applications that deliver information specific to the location of the

Lhttp://mww.apple.com/iphone/

http://mww.android.com/

1ZipReality Real Estate application: http://www.ziprealty.com/

18 Tweet360 application: http://www.twitte360.com/

¥ yelp application: http://www.yelp.com/christiansburg-us

2 star Chart application: https://play.google.com/store/apps/details?id=com.escapistgames.starchart&hl=en
2L start Walk application: http://vitethnology.com/stawalk.html

#panoramascope application: http://[panoramascope.com/

% peaks application: http://peaks.augmeraeattioors.com/

#spotCrime application: http://itunes.apple.com/us/app/spotcrime/id347343610?mt=8
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device and user. LBSs are associated with mobile cartography, information scien&ncelSc

geopositioning, and ubiquitous computing.

LBS applications can be organized into four broad functions for the trgikeleppel, 2000 1)

localization of persons, objects, and places; 2) identifying routes between them; 3) searching within a set
proximity for objects (e.g., restaurants, shapdyotels), looking for placdependent information (e.g.,

sights or advertising), or finding services such as Engligaking medical doctors in Germany; and 4)

finding information about traveling conditions, such as trafflated data or local weahnews.

Recent LBSs applications on mobile phones integrate established models of geotagging, mapping and

social networking into their functionality. Much of the existing research focuses on using location
awareness to pr ovi depafliahstiroundregfSihmandt & Maomasse, d004 s er 6 s s
This certainly can be very helpful if one gets lost, needs to find the nearest ATM machine, or wishes to

locate a specific place.
2.5.2.3 Contextawareness systems

Locationbased services are considered part of the greater ecology of eantartcomputingKupper,

2005. Morerecently, context and conteatvare research with its supporting service has been developing

and expanding at a tremendous rate with the generation of additional data such as spatial and temporal

data (how much and how rapidly things are changing). Shecéirst definition of context awareness was

proposed by Schilit and Theimer (1984hamely, the ability of a computing system to adapt to its

surrounding environmeéiti t has been widely used as a mechani sm
provide that prson with certain intelligent awarenéstowafi, 201Q. The motivation behind context

aware canputing is to use sensbased and computational tools to compensate for the limitations of

human decisiommaking processes and cognitive deficits in attention, memory, and comprehension.

Using the term Acontext o f r oasetingwhere acoatnfoldsn anal ys
(Laurier, 200}, Schi |l i t s definition of context in HCI is r
claimed that context encompas avworkaonnedivéty, s | ocati o
communication costs, communication bandwidth, and the social sitfiagign, whether you are with

your manager or withaewo r k(8childetal., 199 Context i nformation is #fi
context, such as location, tintee mper at ur e (Ryan, Basme, & Malse, 199& ccoyding

to Schilit, the important aspects of context are where you are, who you are with and what resources are

nearby(Schilit et al., 199 Later, context information would include the locatimentity and state of
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people, groups and computational and physical objects, such as vital signs, air quality, and network
availability (Dey, Abowd, & Salber, 2001

There are a number of ways to categorize context inform&iosynthesizing these different

perspectveK upper 6s (2005) categorization is appropriat
into primary context and secondary context. Context information in mobile computing can partly be

derived from different sensor information. Primary context encesgsany kind of raw data that can be

selected and received from sensors (e.g., light sensors, biosensors, microphones, accelerometers, location
sensorgSchmidt, 200)). This raw data can be refined, integrated, deducted, or filtered to derive

secondary context, which is a higher level of context informdKaipper, 200%.

Contextaware services are defined as services that automatically adapt their behavior, for example,
filtering or presenting information to one or several patams reflecting the context of a tar@i€upper,

2005. As can be seen froRigure8, LBSs are considered part of the greater ecology of coatexie
computing(Kupper, 200% It must also be noted that in many cases there is neatleboundary

between types of conteupper, 200%. For example, spatial context and social context are usually tied
together to present information about social presence. Some context information can also be accessed
from other sources and not necessarily seirssiu. Mobile Internet services, which constitute a
distributed computing environment, allow for the extracting of context information by georeferencing
methods. For example, one can retrieve weather information for a given location from a meteorological

web sevice (Reichenbacher, 204
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2.5.2.4 Core Smartphorbasedmobile ARTechnology

In general, AR is based on a few core technol@gi@s$ncipally tracking, registration and display

(Henrysson, 2007 Tracking refers to the system knowing where (position) and how (orientation) to

present virtual information to the user and his or her viewpoint. Registration is the result of tracking,

which alignst he vi rtual information on display devices.

user combining virtual and real information

A particular unifiedmobile ARsystem was described as a lalgased integration model for
encompassing diverse types ofdia and functionalityLee, 2009. A similar model is now used by
commerciallyavailable Smartphoreasedmobile ARguidance applications to provide virtua
information superimposed on the real world, such as Eagad Wikitudé® applications for mobile
phones.

One available Smartpho#imsednobile ARcity guide, known as Layar, proed layers of information

about Points of Intere¢POls) that users see around them via their Smartphone cameras. It can overlay

various types of information about POls including real estate listings, ATM locations, places with

Wikipedia entries, public works of art, and so on. The system first utiliZzes p honebédssd | ocati ot
services to determine the userods | ocation, after
about them from various resources (e.g., websites). The system provisioning website then transmits the

data to the phone atR browsern(VaughanNichols, 2009. Important to note is thaturrent

Smartphonédasednobile ARappl i cati ons only combine retrieved i
streams of the real world and present it touber. Thus, the camera on most current Smartphones is just

used as an interface, meaning that the system could work witliéigahrani, Loke, & Lu, 2011

In reviewing the various mobile technologies for handheld pihasednobile ARsystems, several core

technologies are essent{8illinghurst & Thomas, 201, 1Papagiannakis, 20p8ncluding:

1 Mobile processor: Central Processing Unit (CPU) for processing user input, video images and
running any application simulations.
Graphics hardware: Graphical Processing Unit (G&td)em for generating virtual images.
Camera: Camera hardware for capturing live video images to be used for AR tracking and/or for

overlaying virtual imag® or other information onto the video views.

Layar application: http://layarom
#ikitude application: http://www.wikitude.com/

" Most public used mobile phodmsednobile ARis using the latter method to deliv@iobile ARcontent on
mobile userb6s device.
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9 Display hardware: A handheld, heagrn, or projectedlisplay used to create the AR view by

combining virtual images with images from the real world.

1 Networking: Wireless or cellular networking support that allows the mobile device to connect to

remote databases

1 Sensor hardward:ocation sensors (e.d3PS, ompas}, gyroscopiclight sensors, biosensors,

accelerometers r ot her sensors that can be used

orientation) in the real world.

For further information about the technical aspectaalbile AR one can refeto these surveys of mobile

and wireless technologies for mobile augmented reality sygermsna, 1997 Dunser, Grasset, &
Billinghurst, 2008 Papagiannakis, 2008an Krevelen & Poelman, 2010

2.5.3 Mobile ARin Navigation
2.5.3.1 Characteristics ahobile ARNavigation Systems

Among pedestrian navigation interfaces, such as digital mapping or photogexphvoice, or tactile

based interfaces, most of the previous work has focused ohased navigation suppdBaus,

Cheverst, & Kray, Q05. However, in terms of interacting with surroundings, thaped interfaces are

proving to be somewhat unsatisfactory. Evidence shows that even when a user is close by a POI, a long

time is requierd to relate the map to the environment to locafeQh@Brown & Laurier, 2005 That is,
users have to be able to identify how map depictions correspond to landmarks in their papitigbr
location(Hutchins & Lintern, 1995 Establishing this correspondence (the pseas matching map

presentation to real world view) is the essential cognitive activity in using map navi@2avies, Li, &

Albrecht, 2010 Davies & Uttal, 200Y. Unfortunately, separating the map data and physical site can
impose additional cognitive load on the user in generating a cognitive map of the real scene. In addition,

small screen display, individual differences in rnapding skillgHirtle, 2013, and perhaps even gender

differenceqLawton, 1994 have been reported to restrict mege in certain contexts.

What differentiatesnobile ARnavigation systems from mdgased navigation systems is the different

visualization approaches used to present information about the current location and its surrounding to the

mobile usel(Kolbe, 2004. Evidence shows that photorealistic stiegtl views (e.g., views imobile

ARvi ewer) is more effective at providing route

awareness of the current walking direction), and identifyingweald buildings and nearby landmarks

than a traditional graphical map and photorealistic satellite(dagob et al., 2012ValtherFranks &

Malaka, 2008 This is probably becausaobile AR navigation systems provide more specific visual
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feedback, thereby lessening the attentional demand required to merge information between the physical
world and the mobile devid@ollerer, 2004. In principle, it is possible to focus simultaneously on the

physical world and computgenerated information.

To summarize, three main characteristicesmobile ARnavigatbn guides have been identified in the

literature. Firstmobile ARsystems ardirect and intuitivemobile ARinformation is presented in the

same context as the object it relates to, so it provides the ability to contextualize and localize virtual
information directly(Wither, 2009. In terms of interacting with surroundingspbile AR-enabled views

more directly correspond to a userbés real world v
(Drummond, 2007Roberts et al., 2002Vhite & Feiner, 2000 The importance of this stromgobile AR
correspondence is perhaps best illustrated in a study by Tsai et al (2012), who thlabwearbographical

information (Gl}basedmobile ARapplication, called Mobile Escape Guidelines (MEG), was able to

provide visual support and aid in the evacuation of people from a nuclear accidérgaitt al., 2012

Similarly, mobile ARsystems offer intuitive data browsing of locati@ierenced informatiofReitmayr

& Schmalstieg, 200JaAt a particul ar spati al |l ocation, the us
greatly enhanced by additional virtual information such as video clips and 3D dBeitteayr &

Schmalstieg, 2004aFor example, AR browsers can present useful informatidmasiteemperature, air

guality, and air pressur e (Pyssysalohtal.,20B0er 6 s | mmedi at e

The second important trait afobile ARsystems ismmersivenessnobile ARmobile guides not only
provide contextual mobilityRasinger, Fuchs, & Hopken, 200Which conventional mobile information
guidescan offer, but also provide a more immersive experience for visitesg@mmobile ARsystems

can deliver rich and lively information that is not directly visible while physically visiting the site
(Frohlich et al., 2006 For instancemobile ARguides for cultural tourism are often used to reconstruct
historical buildings and monuments from a previougEh et al., 200Q This enables users to

experience a virtual reconstruction of past life, ancient scenes, or virtual characters combined with audio
and video narratives that tell more about the history of the featured dligpstein, 2006Noh et al.,

2009 Seo, 2011 Theseamobile ARguides have become an impattalatform for people to learn more
about given events and historical elements by facilitating an immersive experience that increases their
interest and their understanding of the con{Beatrk, Nam, & Shi, 2006

The third critical tait of mobile ARsystems isntegrability with diverse modalities and multiple enabling
technologies (e.g., conteatvare technology)Pyssysaloetal., 200 The user 6s percepti
world is enhanced by computgenerated multimodal entities, such as images, 3D objects, and spatialized
audio(Reitmayr & Schmalstieg, 2004d-or instance, ARCHEOGUIDE, a personalizeesie tour
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assistant, was developed to help tourists navigate sites and visualinasirtextion of ancient life. This
system used multimodal user interfaces (consisting of image, video and audio) to personalize the flow of
informationtoitspreestdb | i s he d ute aterGosvaripus tydes off us€xdahakis et al., 2002

Likewise, a programtown as iTacitus (Intelligent Tourism and Cultural Information through Ubiquitous
Services) provides tourism and cultural information through multimedia contenas@th virtual

models and video/audio recordings. It also employs contextual filters by selectively displaying
information based on an i ndi vi(Tdcius, 2008 Asmilddys | ocati o
concept was adopted by Cultural Heritage Layers using-meltiia content (e.g., drawings, paintings,

and photographs of buildings) and contewiare capability to show and explain the development and
history of landnarks(Zoellner, Keil, Drevensek, & Wuest, 2009 his platform was also among the first

to use visual effects such as fading and smooth transition between pictures (as seen in Adobe Flash or
JavaScript)d increase immersion and familiarization with AR technology.

2.5.3.2 Constraints of Smartphosimsedmobile ARNavigatioral GuidanceSystems

The published HCI literature on handheld augmented reality has concentrated largely on building
perceptuallycorrect connetions between reatorld objects and digital contefiruijff et al., 201Q. The
literature describes three sificant challenges with respect to outdemaobile ARguidance systems
(Neuhofer et al., 20321) organizationalaspects regarding their integration into an existing IT
infrastructure and consistently providing-tgpdate information on the environment;t@hnicalissues,
including tracking accuracy and reliability (e.g., jittering problems, inateal@gnment), display type,

size, resolution and brightness, battery capacity, limitations of sensors on the phone andBoyferi&
Marcus, 201}, and 3)cognitiveproperties of the information system, relating to presented and structured
informationandg@ahi cal user interface design in the usero
further divided into four areas that impact the way augmentation is perceived: a) environment (e.g.,
structure, colors and natural conditions of the environment), biriagithe process of converting an
optical image to a digital signal by a camera), ¢) augmentation (registration of digital content over video
imagery), and d) display device miobile ARapplications (e.qg., field of view (FOV), viewing angle

offset, cola fidelity, reflection, and latency(Kruijff et al., 201Q. Similarly, cognitive challenges can
include information content and density, cognitive workload, attention effgetdology characteristics,

and the overlaying of text and graphics combinat{@&sdmon et al., 1999

In addition to the three produin areas briefly described above, there are other constraints in the
Smartphone platform and conteftuse of mobile devices. Some of them are inherent constraints

embedded in handheld mobile computing deviees., context issue¢ijeldskov & Stage, 2004
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Pascoe, Ryan, & Morse, 200@hile others are specific to Smartphdreesedmnobile ARsystemée.g.,

ergonomic constraintsYhese constraints are summarized as follows.
Restrictions by Smartphone platform:

1) The attributes oAmoBilmadevide ptertacedas &s owncunique n :

characteristics and challenges due to its inhdiraitations, including the size of the screen,
resolution of the display, nemaditional input methods, and navigational difficulties (Nah, Siau,

& Sheng, 2005). For example, one ubiquitous restriction is the miniaturization of mobile screens
due to thedemand that they are easily portafifascoe et al., 20DpBecause of the limited

screen size of the Smartphone, it is often not possible to show all relevant information
simultaneously. This results in hierarchical information structure that causes higher demands on
t he us darnd memsnfiPospischil, Umlauft, & Michimayr, 2002

2) The camer ads o pThe optck usedlin&Smghone eameras prodace an image

with a wider field of view than would be seen looking directly through a rectangular frame the
size of the display. Thus, it is a much smaller field of view compared to the view seen from a
single human ey&urkovsky et al., 2012Tokusho & Feiner, 2009

3) Other factorsResponsiveness, battery life, connectivity and other operating factorstiaéfect

performance capabilities afiobile ARsystemgPascoe et al., 2000

Restrictions by contextof-use:

1) Situational impairment factor$/obile interaction is heavily contingent on the context, which
varies greatly in a mobile environment. The increasing mobility aiglity of mobile computer
systems make theconteodfu s e conti nuously changing. When f
environment adversely affect his or her ability to perform certain actiyeigs distraction,
ambient noise)situational impairment occufSears, Lin, Jacko, & Xiao, 200Sears & Young,
2003.

2) Ergonomic constraintg hedesign of a camera on the opposite side of the display requires

mobile ARusers to hold t phone in an outstretched hand when trying to view more distant real
world objects, or angle it uncomfortably upwards when capturing the image of a tall building
(Kurkovsky et al., 201.2Tokusho & Feiner, 20Q9This ergonomic constrain was inevitably

introduced by the combination of the smartphone platform and the cofteseé.
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2.6 Mobile AR Guidance Systems

The process of navigatiaould be categorized intwo primary typed exploratory navigation

(exploration)and goaldirected navigatiod andmobile ARnavigation guides are developed to support
both(Grasset et al., 2011These two types of activities are most often intertwined togefirethe one
hand,goal-directed navigatiortan be supported by visualizing the path from one location to another
directly in the frame of ference of the physical environmd@rasset et al., 201.1Most often,

wayfinding instructions, such as an arrow olthpare superimposed on the street to give information to

the user about the turns to tgka&rasset et al., 20110n he other handexploratory navigatioris

supported through digital augmentations that provide information regarding the nearby environment, such
as buildings or nearby stredtrasset et al., 20)1In this way, the environment becomes an anchor for
georeferenced hypermedia databases. Users can physically navigate this environment and look at the

various annotated objects

Becausdittle researcthas been done in tliield of explorationin the mobile ARenabled contexin line

with Sutcliffe (2000)jn virtual environmentgxploratory navigation is further divided ingoal-directed
explorationandserendipitous browsm(simplified as browsingWhat distinguishes the two is the
presence or absence of a cleatifined goa(Sutcliffe & Kaur, 200 & such as finding a specific place

In exploratory navigation, these augmented annotations do not directly provide wayfinding instructions;
instead, they help people understand the environment and builddinested concept of the

surroundings.

2.6.1 Goaldirected Mwigation

Previous work in the field of godlirected navigation has included both indoor and outdoor navigation
systemgFrohlich et al., 2008Kolbe, 2004 Reitmayr & Schmalstieg, 2001dViost systems directly

point out | ocations by overlaying navigational (e
environment o assi st us er ODFectivralirstiuctiohs inclyde aixBdanal ariowsytrails

to follow (e.g., fiHlad&Bortieiad2009), or gevtagged landmaks dheiro o r 0
imageg(Hile et al., 2009 One of early works in this field is a wearable computer system with-a see
through headanounted display providing the position of waypoi(fsekarski & Thomas, 200Thomas,
Demczuk, Piekarski, Hepworth, & Gunther, 1998ais system allows a user to explicitly define a

desiral path as a finite sequence of waypoiisailarly, for indoor navigation systems one of the

pioneering works was Signpost, which used an indoor tracking system that covered specific areas of the
studied building. The tracking system was based on viegling of fiducial markers enhanced by

inertial sensors to show the user the direction of the next wayRaittmayr & Schmalstieg, 2093n
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the indoor contextlisplayed information often relates to what events are taking place, which resources

are resrved and by whom, and when someone is in his or her @fie& Borriello, 2008.

In addition to requiring users to maily define the next waypoint(s), subsequmabile ARsystems for

outdoor navigation were developed to show the comyulgearmined path. For example, Reitmayr (2004)
developed anobile ARsystem that computed the shortest path from the current locatospecific

target location (e.g., a supermarket) in a known network with possible routes. These waypoints were
presented as cylinders in the environment connected by arrows. This system also supported collaboration
among users allowing a user to folloguide, or meet other users at intermediate posifieegmayr &
Schmalstieg, 2003a

2.6.2 Exploratory Navigation

The other type of navigation is exploratory navigation. It has traditionally been supported by tourist
guides (e.g., paper or digital) or Internet information, both of which provide a greaf ddatmation to
users prior to reaching a destination. In exploratory navigation, people tend to have-tyoalsub
including 1)goaltdirected exploratioror search folocal objects, such as searching for restaurants,
movies, stores; or Zerendipitoudprowsingor exploratory browsingurroundings, such as serendipitous
discovery of activities and venu@Bellotti et al., 2008Ludford, Frankowski, Reily, Wilms, & Terveen,
2006. Exploratory navigation encourages users to explore new areas and discover new locatiahs ar

them to gain serendipitous information about their surroundRggoungYang, 201).

To support such activity, locatidmasedmobile ARnavigation systems enable the user to visualize

(browse) geaeferenced hypermedia information while physically navigating through the gpeasset

et al., 2011 Reitmayr & Schmalstieg, 20020043. Specifically,mobile ARnavigation systems help

users accomgdh their tasks by providing them with relevant information about their environment

(Hollerer, Feiner, Terauchi, Rashid, & Hallaway, 199%he information includes position, direction and
distance of objects (or places), names and other propertiegdhfs and infrastructure, notices of new
services and upcoming events, open hours, etc. All of the presented information may or may not be

vi si ble from a (Rayeun@Yangc20diin taisdonteiktmabike ARnavigation

systems are applications that not only are used to find a certain destination, but alsogmmdcesieve
information from online databases and present it to mobile users, helping them to make decisions and be

informed about their environme(ttiollerer, 2003.

Mobile ARinformation browsing in this category was first demonstrated by Rekimoto, who develoed a
prototype palmtop AR system called NaviCéRekimoto, 199Y. To overcome the cumbersome usage of

headgear HMDs, NaviCam recognized +&akld objects using the video images by palmtop reading
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identification (ID) tags. Based on the recognized ID tagsyiséem retrieved and displayed information
about the realvorld object to the user. Anothearly system is known as Touring Mach{einer et al.,

1997. The Touring Machine allowed users to browse -geferenced data about Columbia University in

New York. The program added virtual tags to reaversity buildings to show which departments were

in which buildings via a tracked s#ierough headvorn display and a harukld display. It presented
contextual information visually and was connected to a relatively large area in the physical world through
the combined use of multiple displays and interactive technol{ggser et al., 1997

Hollerer and Feiner (1999) also used the same wearable setup withhadraatisplay for a navigation
system called MARS (Mobile Augmented Reality Systems). This system offered users the possibility of
interading with linked spatial multimedia information such as text, audio, static image, video and 3D
graphicgHollerer, Feiner, Terauchi, et al., 199Since then, many touring systems have appeared and
the development of campus navigation systems, in particular, hasdeo® of the fagjrowing areas

for mobile ARoutdoor navigation systemislost of the current campugavigation systems are
Smartphonéased and allow visitors to use their mobile devices to access and experience visualized

i nf ormati on asluldings aad histary. X mumtsei of unidersities have either developed or
are developing this type of program, including Purdue University, the University of Wisddadison,

West Virginia University, Arizona State University, Georgia Tech,(&hou & ChanLin, 2012

Context Compass, another early application, showed how pedestrian navigation can benefit from heads

up AR interfaces in which the system orients the mobile user towards tH{S&hela & Lehikoinen,

2000. This system adopted a compass metaphor to present ationnn the real world at the top of the
userds view. Any object could be sel Ssuomemdndand vi e
Lehikoinenalso discussed the provision of contextual information as an entity that characterizes the
situation.Following Abowd (1997), an entity is a person, place, or object that is considered relevant to the
interaction between a user and an applicatidyowd et al., 199) In Context Compass, for example,

objects around the user were shown at the top of the viewer along with compass points, which the user

then highlighted and activated. Thisrk represents an early effort to present contextual information to

users with respect to their current situafionith context defined as a collection of certain virtual objects

in a limited environmenSuomela & Lehikoinen, 20Q00Although the authors noted that the number of
objects belonging to the current context was rest
interactions), it failed to provide any information on the specifications of these virtual olrjddisw to

identify them.
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Reitmayr and Schmalstieg (2004b) developed a-sagad outdoor navigation system with gatitected

navigation functions (e.g., follow, guide and meet modes). This system also featured an infermation

browsing mode for exploratomnavigation(Reitmayr & Schmalstieg, 2004kwhich presented the user
locationtbased informthon that could be selected by gaze. Specifically, the authors designed the system to
deliver historical and cultural information about the sights in Vienna, Austria, which was obtained from

printed guidebooks. The user was able to interact with thensysteselecting from a subset of icons and

keywords to which the icon related. This informattmowsing mode also supported multiple users,

which could be selected and shared on another wuse

Another headvorn system, anobile ARrestaurant guiddeveloped at Columbia University, provided an
interface to a database of restaurants in the Morningside Heights area of Mafhattaer, 2004.

Information about restaurants was supported by two modes: an overview 3D map and direct annotations
at the actual restaurant locations. Having selected a restaurant, the user could then bring up a popup
window with further inbrmation about the site including a brief description, address and phone number,

an image of the interior, the menu, reviews of the restaurant, and its external web page.

One of the earliest handheld mobile phtmased AR systems based on the NaviCam systdMARA

(Mobile Augmented Reality Applications), developed by NdKahari & Murphy, 2005 MARA is an

interface that supports user interactions with their surrounding environment through the use of a standard
mobile phoneMARA identfied POls around the mobile user, using squares to indicate the locations of

the POI with their distance written as attex | abel shown in the viewfinder.
hyperlinks associated with the remabrld objects to obtain further information. The system also featured

the adaptability to provide different Ul metaphors based on the manner in which the lwksaig held

(flat or upwards).

In addition to navigatiomelevant augmented informatiamobile ARalso provides indirectly related
information for navigation in an outdoor contexar example, in one study researchers developed a
mobile ARapplication that provides redme data about nearby transportation including information
about nearby bus stops and arrival times, as well as more detailed bus routes and distances, in order

provide mobile users with more infaobility data(Borgia et al., 201R
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2.7 User-Centered Design vsinterface of Mobile AR navigation systems

2.7.1 Usercentered Design and User Requirements

Human Computer I nteraction (HCI) as a research dom
thy user o appr oac h(Hangen, $9y)sAtcerdirg to die et al.|(20@EH)NECH t
Aiinvol ves the design, i mpl ement at itthhe Tomhtewxd!| wdt it

t as k a (Dik, 2004.r This definition should include all types of compudeiscluding traditional
desktop computers and markiquitous computers, such @®bile ARsystemgNilsson, 201).

The essence of Useenteed Design (UCD) is the active involvement of all types of stakeholders,
especially end users. End users are actively involved throughout all phaselsict design,

development, and evaluation. As the first developmental step of UCD, a thorough analgsis of
requirements is conducted to offer insights into user needs, which are a valuable source of inspiration for
designers to come up with new design solutions. User requirements include summary descriptions of the
tasks that the system will support ahd functions that will be provided to support th@vtaguire,

2007). It also provides example task scenarios and possible interactions for the system, in addition to
describing any features of the system necessary to meet the atfniert characteristiqgdaguire,

2001J). In order to solicit user requirements, developers must first consider user types/profiles and task

scenarios.

2.7.2 User Types

User types arpeople whaneed navigation supparhd might want to use theobile ARguidance
applications ossite in an urban historical, residential or commercial(§it@r et al., 20120Isson &

Salo, 201} They can be tourists wrbanites interested in any and all kinds of leisure activities (aka
leisure tourismor touristswho are in emergency situatiofesg., gun violenceor leisure purposes,
mobile ARguidance systentan be used by city visitors who want to exploreldication by visiting
landmarks and historical places, dining at local venues, or finding noteworthy events and aEwrities.
public safety purposemobile ARguidance systems can be used by peiopéenergency situationsho

needto examinetheir surromdings and evacuate to a safe place.
2.7.3 Context
2.7.3.1 Context vs. Situation

This study requires clear definitions of the notionsaitextandsituation In situation awareness,
situationrefers to those pieces of information that are relevant to the task atHratsley et al., 2003

Thus, the notions dfituational informatiorandcontext informatiomr e di f f er ent . The ter
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seems to comprise fAeveryt hi nsgpeciicaspectsthatars relateditot uat i o
userbds goals and tasks at hand. Al though fAcont ex

tasks, there is more emphasis on the interaction between humans and computers at the operation level.

Thereforegi ven t he above rational e, w econtex informdtiani m t hat
does not becom&tuational informatiorunless 1) it will be processed through a series of perceptual and
cognhitive processes; aoalandjasks at handsThatdentexa mfarmationt o t h e
can be analyzed, interpreted, and inferred throug
and tasks. Therefore, this gives a terminology base for extending SA theory in-covdestnobile AR

navigation systems.
2.7.4 User Needs Analysis and User Requirementd olbile AR Navigation Systems
2.7.4.1 User Needs Analysis and Useedriirements

To support user tasks and produce products that people want to use, user needs and requirements analysis
arecritical. Specifically, information is needed about user goals and tasks, preferences, expectations, and
specific information about functions or desirable user interface solutions. All these elements become
systenrequirementgSpath et al., 20)2User needsefer to the least formal data that include factors or
conditions necessary for a user to achieve desired (RByzds¢h et al., 20)2User requirementare formal
descriptions thafiprovide the basis for design and evaluation of interactive systems to meet sahud or

t he i dent i f(Is@ 8010 Specifically,aigedrasgoirements state any function, constraint, or

other property needed to sajisfser need&Kujala, Kauppinen, & Rekola, 20DIFurther, user

requirements can be categeubzinto diverse subtypes with different emphases, such as user capability,
usability requirements, organizational requirements, compatibility with standards, information
requirements, et¢Spath et al., 20)2In terms of taskelated information requirements, user

requirements usually contaianctional requirementandnonfunctional requirement§&unctional

requirements describe system functionalities and services, while nonfunctional requirements specify

guality aspects of the product (e.g., usability, privacy, reliability, performance, pledS@eP009.

During the inital desgn phase, it is challenging for designers tatwagprequirements accurately because
users typically doné6ét know what they want and can
Robertson (2011), user requirements are subdivided into conscious requirements and unconscious
requirements. The formeefers to design features that users knowingly want to incorporate, while the

latter indicates design features and technology possibilities that must be teased from tfieotdentgon,

2007). This challenge has showarticularly difficult in eliciting and validating requirementsniobile

AR applicationgSa& Churchill, 2013.
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2.7.4.2 User Requirements and Users Expectationmimbile ARNavigatioral Systems

As stated in the Introduction sectigmevious research has shown that user informag@aior mobile

AR in the context of urbaaxploratorynavigation have been minimally studied; moreover, the lack of
user studies and underutilized U€&ntered @sign(UCD) approaches have been identified as AR
domainrwide problemgDhir et al., 20120Isson et al., 20)2Compared to user research on websites or
conventional mobile sites, little research in mamssketed applications ofiobile ARhas been

conduted. Consequently, this scarcity of knowledge has somewhat hindered the mass adoption of

mobile ARcomputing applications.

At present, the lack afiobile ARuser requirement research and failure to adopt dléayed UCD
perspective most likely stemoim four separate issues:ripbile ARapplications are technologiriven

and current research efforts are focusing on technology development rather than on optimizing usability
(Martin, Norris, Murphy, & Crowe, 20082) functioning reatime mobile ARsystems are typically too
cumbersome for potential us€WaltherFranks & Malaka, 2008 3) the development ehobile AR
applications is still an expensive and fintuitive task(Di Capua, Costagliola, De Rosa, & Fuccella,

2011); and 4) time and financial constraints reé$tdm severe market competitiofdartin et al., 2012

In general, current useequirements research orobile ARguidance applications is deficient in its
overall understanding @fformation need$ for examplewhat can be presented to a user and what a
user needs frommobile ARin the context of urbaaxploratorynavigation. Nonetheless, some studies
of user information requirements wibbile ARsystems do exist. Howevehis body of research is more
focused on nonfunctional requirements stressing the overall quality abdtatrof systems, rather than

requirements that are specifically concerned with the functionality of a system.
2.7.4.3 Nonfunctional User Requirementsmbbile ARNavigation §stems

In a recent study by Olsson et al. (2011), interviews were conducted in shopping centers to elicit the
central characteristics of expected user experiences and user requirements related tog@tereR

services. Results indicated that users expautgile AR services to have an intuitive interface to

provide them a sense of efficiency, empower them with coaigate services and proactive

functionalities, and raise their awareness of the information related to their surrounding environments.
Additionally, users expressed that they would nnebile ARservices to gain increased insight into

objects, places, and immediately noteworthy events in their surroundings. Thus, the potential of browsing

oneds surroundings i n i ngstohlehighlywatuédpyusessp hi sti cat ed
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Despite existing research that helps to enhance our understandioditd ARservices in general, these
studies tend to describe abstract and thégkel user experieneariented requirements, such as inspiration,
creativity, intuitiveness, playfulness, etc. These abstract requirements are too general to really help
researchers in understanding the information needs and requirements that can be applied to the
information design ofmobile ARguidance applications. In additiothhe proposed requirements focus

more on holistic, expected user experiences and hedonic information that provide users-fuifiil sw)f

values, such as a sense of being inspired and naturalness, rather than proposing any specificity regarding

u s eimtgFastions with their surroundings.

Olsson (2011) and his colleagues conducted an online user survey to study the overall user experiences of
themobile ARconsumer applications available at the tiiésson &Salo, 201) Examined applications

include MARs used for information browsing and image recognition. Their findings disclosed a

contradictory mix of user experiences regardimapile ARapplication usage. For exampiairly

positive user experiences (e.g., novelty and useful information content) were overshadowed by highly
negative experiencBss uch as wuser concerns about the applicat
unreliability, and especially, excessive irrelevaontent. However, survey results also pointed to definite
agreement that usingobile ARnavi gati on gui des enabled users to 0
sur r ou (bsom&Salo201). In terms of statistics of usage, results showedntiadiile AR

guidance applications were principally used in metropolitan areas, city centers, campuses, industrial

locations, or other popular daytime areas. More than half of the users dgpattthey had used the
applications at | east on a weekly basis. I n addit
had passed, the growing amount of content and functionality likely became the main motivation-for long

term use omobile AR guidance application®©lsson & Salo, 2011

In another studjocusing oruser expectations and needsrfwbile ARtechnology, Dhir and his

colleagues reported thasers expeanobile AR information to beusefu] personalizedhs to what, how

and when information is receivegtliable in terms of accuracy and authenticity of the presented
information; andelevantwith respect to providing contemporary, useful, and valuable informgDioin

et al., 2012 This study reinforced that one of theeatesmotivations for usingnobile ARtechnology is

the demand for useful information in comparison to other needs (e.g., hadoradous mobile

contexts. Specifically, users expressed the need to enhance their existing knowledge about the current
environment and surroundings, such as-tiead traffic, weather, newspaper headlines, offers and
discounts, ratings and recommenda$, and information on current and future events for deeision
making(Dhir et al., 2012 Furthermore, information provided loyobile ARguidance applications are

expected to increase user confidence in decisiaking, reduce cognitive load, solve the problerthef
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language barrier, and be accessible without physically visiting placdile ARapplications should also
have social features allowing users to interface with online social media (e.g., Facebook and Twitter) to
improve the social experien@hir et al., 2012 Although their study focused on user needs and
expectations ofmobile ARinformation, and identified four characteristics of information (usefulness,
personalization, relevance, reliability), it tends toward generalities and lacks a specific focus on

navigation systems.
2.7.4.4 FunctionalRequirements ofmobile ARNavigationSystems

Thefunctional requirements ahobile ARnavigation systems are those associated with necessary tasks,
actions, or activities that must be accomplished by the syiightsey, 200). It encompassebe types

of information that should be presented, the types of functions that should be performed, and the
capabilities the system should bestow on the user.

Many types of information are desired frormabile AR navigationsystem for urban exploration to

make it truly useful across a wide range of parameters. For exampidjla ARnavigation system

should include wto-date tourism information (e.g., weather foreca@®sdll, 2000; guidance

information (e.g., mobile route advisory systems or information pertaining torvisdommendations)
(Chiu, 2005 C.-C. Yu, 2009; performance information to know how to achieve the highest return from a
chosen alternative (e.g., information about road conditions and event chi@weggs), 2008 and

exploration informatiorfJoerg Rasinger, 2009

Tablel listsaset of functionalities that describes current or expetigile ARnavigation systems. This
table representssynthesis of théody of work inmobile ARnavigation systems with a particular
emphasis omobile navigation assistance and convi@ware systems. The intention of compiling this
table is to gain insights into the functionalities of curranbile ARnavigation systems. To some extent,
these amalgamatddnctionalitiesreflectthe functional regirements ofnobile ARnavigation systemis
terms of users interacting with their surroundinigseyare summarized to shed some light on situation
awareness requirements ohvigation since it a focus of the current study. For example, functional
requirenents of search and brow@asinger, 2008and contexaware push functionalitig€heverst,
Mitchell, & Davies, 200)can be considered relevant to developing situation awarenéescontext of

mobile ARenabledchavigation.
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Tablel. Synthesized functionalities ofiobile ARnavigation systems

Category No. Sub-category Description
1 | Mobile search Search mechanism that provides access to relevant infornftmlich et al., 2006Rasinger, 2000
Mobile search has been categorized into four main areas both-foe-go uses or for stationary uses
(Church & Smyth, 2008 Navigational search refers to a class of queries where the immediate integ
to reach a particular site, such as a company. Transactional search occurs whenever the user se
further interactions such as shopping, gaming, or downloading files (e.g., images, videos, music,
related queries). Information search involves situationgtiich users attempt to find information
online, while leisure search has an orientation towards entertainment and discovery options to or
user 6s p(Westluad eeal.,t20)ine
2 | Browse (visible Information browsing provides users with locati@ierenced information about objects in their
General information)/Image| surroundings, where information takes many different forénats g . , other i mage
Information recognition internetcreated information, ei@.and can be selected for neadetailed informatioFrohlich et al.,
2006 Joerg Rasinger, 200Reitmayr & Schmalstieg, 2004&chmalstieg et al., 2007
3|Browse (AThe concept of wvirtually Al ooking through b
Vi ewi ng o |anaugmented reality view poses great potential for enhanced utilization as a way of imparting ag
information) knowledge tht is not directly visible in the physical surroundings; one must note that a user study
showed that challenges associated with viewing nonvisible information included viewing range ar
orientation issues, comparing to map, radar, and Google Earth (Reotsich et al., 2006
4 | Information POl retrieval mechani sms allow users to fApu
retri eval|(Cheverstetal., 200¥ang et &, 201J).
information)
5 | Overview of a This is enabled by integration with other types of augmentations, such as map services anda wo
larger territory miniature approach, etc.
6 | Provide Users should be able to see locations within a certain range of the current position (immediate
information content surroundings), such as accessing the name of the POI and the distalf¢ang,i201). Users might
Spatial of nearby need.to.access other information in their surroundings, such as transportation information (e.g., f
. surroundings transit riders).
Information
7 | Support serendipity In addition to looking up information about a particular item, place, object and category, a system

and free
exploration of
nearby

surroundings

enable people to discover new places because tourists may wish to explore anddlabbgion about
their surroundings with or without paefined task (goal/criterigpjanki, 2011, Yang, 201}.
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Directional finder

When a POI alonghe street is not directly visible to them, but is along the patbhentends to take,
the user can point and query the availability. Users can point the phone in a specific direction to f
POls some distance away. For example, if a user poinghtiree southwest, the system should be ak
to give POls in more distant surroundifyaing, 201). GeoWand (Jacob, 2012) proved that haptic
technology, or haptics, is a powerful notification technique that can be used to convey distance tc
information and density of features along a particular s(deeob et al., 20)2

Adjustment of
perceived spatial
information

Locationbased applications will identify and adjust to crowded areas and traffic patterns because
patterns andlistractions in dense urban areas can distortsoperd s p er ¢ e p (Ludéord eto f
al., 2006. For example, these applications will deliver messages that take into accdonategwhere

dense urban areas feel smaller.

Dynamic
Information

10

Support for
dynamic
information

The system needs to stay informed about the current physical environment (e.g. via dynamic infg
retrieval from application serverollerer, 2004. The system should also support information that
user requires othefly (e.g., randomly picked opening hours, loeadather, traffic news), which canng
be supplied in advance and thereby needs to be capable of dynamiq Changest, Davies, Mitchell,
Friday, & Efstratiou, 2000Davies, Cheverst, Mitchell, & Friday, 190%or example, in visiting
Lancaster Castle, the castle was closed initially to the public because the courtroom (situated wit
castle) was in session. If the court session were to finish early, tha visitild then be notified that the
castle was open to the pub{idavies et al., 1999 Dynamicmobile ARcontent can be accessed using
the system and delivered at appropriate times (e.g., before the place, not after) ae g aioid
updated frequently (e.g., newspapers, brochures, public displays).

11

AfPusho naqg

The tourist may miss out on important or interesting information, especially in informmatioarban
settingg(Cheverst et al., 200Rasinger, 2000 A Pushod noti fi cat i odbasdda
systems, where immediately relevant i ndaer ma
associated with physical locations for spatiatly temporallyrelevant information, such as social
messaging (e.qg.,-Braffiti), community announcements (e.g., GeoNotes),venue information (e.g.,
PlaceMail) or lifecritical information in the battfield (Gabbard et al., 2002This is also called
opportunistic reminderist i mdd cidip Ip& poev8 tdperso mp te
later, telling the user to take spatially or temporally relevant atiodford et al., 2006

Context
sensitive
information

12

Personal context

Profiling should be allowed. The system needs to create a personal context for evésyaseia &
Lehikoinen, 2000 Per sonal context needs to be consi
architecture, and, vibe twsdsdbsupnrehitl ¢é octalte o
visitor, and their preferred reading langu&Géeverst et al., 2000

13

Environmental
context

Environmental context includes the time of day, the opening times of attraglibegerst et al., 2000
road locations and types using Geographic Information System (GIS) datasets. Then@liy has

a great deal of experience with storing, manipulating, and presentingslzalegeometric data to
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predict a userdés travel time t o dalLudfadegaé, 200p I

14

(Patterns of)
human motion

The system should provide personalized recommendations to adapt the presentation of informati
depending upon the patterns of human motion, such as usage history (e.g., information that visitc
already seen), peopl eds amndgeegmphittayopt afthe spatadsordt
et al., 2008, the time of day, duration of stay, amount of-ptenning(Ludford et al., 200§ on
inferences of a userds I|ikely current inter
past user behavigBellotti et al., 2008 to deliver messages in ways that fit patterns of human moti
(Cheverst eal., 2000. For example, the system should narrow the information delivery radius for
stationary users; if the visitor makes a return visit, the information should reflect that and adapt its
presentation, such as providing a welcome back me¢€agwerst et al., 2000

15

Implicit input

Unobtrusive implicit input from the us@rspecifically, eye movement patterns (e.g., selecting icons
looking at them)Schmalstieg et al., 20D@and speech and other implicit feedback datan be used fo
information filtering(A. Ajanki et al., 2011 The system infers the interests of the user based on thg
user 6s behavi or and dipformaian based orr sach leehaaioral infarmagjom.di
the user shows further interest in the AR content, the system detects it and provides progressivel
information(Ajanki et al., 2011 This functional equirement is one of the solutions to the informatio
overload problem when the user may not have an explicit query in mind or may not even be sear
Therefore, thenobile ARs y st em wi | | di splay informationéd
behavior(Ajanki et al., 201) However, the disadvantage associated with implicit input is that it ne
complete and thorough user profile and an accurate model of user behaviors.

Interactive
mobile ARview

16

Interaction and
direct manipulation
of mobile AR
content

Urban environments are rich in potential targets for annotéfiokusho & Feiner, 2009 An interactive
mobile ARview could serve as an interface to additional, more detailed information about a POI
online databasg®avies et al., 199Kahari & Murphy, 2006J. Wither et al., 20Q9ither, 2009. In
addition, users can interact with the information presented to them by creating, adding, editing, d
annotaions to specific physical locations and objgétohlich et al., 2008 in formats of visual textual
annotationgS. Feiner et al., 199Thomas et al., 1998lor multimeda information(Hollerer, Feiner, &
Pavlik, 1999, or multrmodal interaction (e.g., accessing by voice activati@abbard et al., 2002
Four types of interactivity with respecttaobile ARannotation exis{Wither et al., 2003 1) static and
of fline (e.g., hyperlinks); 2) interacti-ve
created annotation. For example, for textual annotation only keywords are provided. Selecting o
provides more detd information in a popup windoyschmalstieg et al., 2007

17

Multi-modal user
interface

In addition to a visual interface, in an outdoor environment other interaction models (e.g., speech
voice recognition) will occu¢Schmeil & Broll, 200§. Users will be more cognizant of the surroundin
environment as a result of delivered information that users can perceive and comprehend, such &
ard hagtic notifications(Frohlich et al., 2006Jacob et al., 2032
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18

Social interaction

mobile ARcan also support collaboration among mobile users, which can be achieved by sharing
information such as mobile users manipulating (e.g., exchangingestittog) mobile ARcontent.

19

Filtering of mobile
AR content

The option to filter information or j&rs based on several factors, such as user interests (e.g., wea
and terrain, distance) to present information in an uncluttered way so that it is easy to interact wit|
(Ajanki, 2011 Gabbard et al., 2003ulier et al., 2000Tsai et al., 2012 A set of rules of prioritization
should be generated. Specifically, taskated data must prevail over neuttata, nearby information
must prevail over distant information, and more important information must take precedence ove
information(Neuhofer et al., 2092

20

User control and
pace of interaction

The system should enable visitors to control their pace of interaction with the system, for exampls
stopping or interrupting the tour when nee@€teverst et al., 2000Freezing the camermage

(mobile ARview) when desired, while keeping the overlaid graphics live, support manipulating the
interface and visualization without having
on-screen user interface controls are besttposd in the lower left and lower right of the screen ang
along the edges where t he u(WVbite&Reindr, 2a0b additorg u
once the display is frozen, direct manipulation (e.g., touching the screen to show information) is (

Customizability

21

Customizability

Tour gude systems should provide information that can be tailored to different visitors with differe
needs (e.g., interests, sophistication of language used in descriptions, duration of the tour, budge
visitor, etc.)( Davieset al., 1999. For example, the city guide system should enable visitors to tour
city on their own way. Some visitors prefer to follow a guided tour while others may choose to ex
independently, following one or more guidebooks or street rf@ipsverst et al., 2000

Support
collaboration

22

Support
collaboration

Mobile ARinteraction does not limit itself to interactions betwessbile ARcontent and one
individual user. Such interactions can also support collaboration among mobile users, which can
achieved by sharing information. A mobile collaborative augmented reglitljcation is one that allow
multiple users to share an AR exieeice using their mobile devic@Reitmayr & Scimalstieg, 2001
The AR content can be shared among-f@eface or remote users, at the same time (synchronous
collaboration) or at different times (asynchronous collaborafi®ijnghurst & Thomas, 201)1
Examples are BAR@Gulier et al., 200j1 Shared Space proje@illinghurst, Weghorst, & Furness,
1998, Human Pacman (a collaboratin®bile ARgame)(Cheok et al., 2003the Augmented Stroll (a

mobile collaborativenobile ARservices to archeologists in field works).
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2.7.5 Interface oMobile AR Navigation SystemsAugmentation & Interaction
2.7.5.1 Mobile ARAnnotation

According to Wither et al. (2®), an augmented annotatiorvigual information that describes in some
way, and is rgistered to, an existingpbject This is a general definition ofiobile ARannotation,
encompassing a broad range of uses. Virtual information is presented in a variety of formats: text,
pictures, models, sounds, or haptic feedisi¢ikher et al., 2009 According to Hollerer (2004), real
objects in the physical world are calledvironmental objectsn contrast to virtual annotated
environment objects, which are referred toesdized objectgHollerer, 2004. On the one handealized
objectsform the virtual layer of thenobile ARinterface Specifically, three properties of a general set of
mobile ARphysical objects have been defined. Thewgpeattributes stateattributes, andemantic
attributes Typeattributes refer to the intrinsic and unchangeable characteristics of the atujlecting
categoryattributes based on varying categories of information cantpositiorattributes, being single or
a collection of objectsStateattributes describe the current state of the objdloe value can change over
ti me, such as the o0bj ec tSénmantiattrilbuteslist the gasspriogeitiecs and or i e
relationships that inform thmobile ARabout t he mglandéenpdrtédnséNither atali, 2000

In terms of relationships betweenvironmental objectandrealized objectsWither et al. (2009) further
definad two types of relationshipsemantic relationshie.g., a realized object containing the name of

the physical object), angpatial relationship(e.g., a realized objects having spatial relevance to their
surroundinggWither et al., 200p Semantic relationshiis further categorized into five types in outdoor
navigation: names, describes, adds to, modifies, and dirggtétteer et al., 200Q These categories with
representive examples are summarizedTiable2. More precisely, @emantic relationshiponveys

information ofsemantic relevance®ne of the dimensions ofobile ARannotations, which refers to a
measurement of how closely an annotation resembles the physical object that it is annotating. In addition
to semantic relevancéVither et al. also described other five dimensionsalbile ARannotations: 1)

location complexity whi ch refers to the complexity of the ai
a single point to a 2D or 3D annotation regi@ylocation movementvhich refers to the location of the
annotation on the screen;&)ntent complexifywhich can range from poumbarking to animated 3D

polygonal models with audio; #)teractivity of the virtual content, ranging from static -ifie annotation

to usergenerated oifine annotation; and Bnnotation permanenceAnnotation permanence is further
divided into four basic strategies: temporally controlled, user controlled, spatially controlled permanence,

and information filtered permanen@Vither et al., 200Q

64



On the one handnvironmental objectepresent the real part of thbile ARinterface. Following

Wither et al. (2009), Alzahra et al. (2011) described two typeseanfvironmental objectsased on a

criterion that the location of the object is staticphysical objectand 2)geographical spotg-urther,

physical objectar e fimovi ng o o0 b jsegletoljects, ntbction of dbpeasdndgeople o :

On the other handjeographical spotar e fist ati c0 obj ecsiglegomimpr i si ng t v
geographical space (e.g., roads intersection or a building location), eoke2jion of geepoints which

has more thanree set of coordinates with two subgroups of a geographical line (e.g., a bicycle trail) or an

area (e.g., a block in the cit§Alzahrani et al., 2011

As mobile ARsystems become more advanced, annotation authoring has become a popular but

challenging research area. For example, Schall et al. (2008) introduced an annotation authoring tool that
creates 2D information labels in 3D coordingt®shall, Mendez, & Schmstieg, 2008. The user can

create an annotation at oneds current | ocation or
annotation authoring is much more challenging. To address this challenge, the following authoring

techniques have bealeveloped: 1) moddélased annotation (a model of contextual information of the
user)(Ajanki et al., 201}; 2) estimatiorbased annotation (e.g., the distance estimated by the user); 3)
triangulationbased anstation (the accuracy of distance estimation increased by triangulation); and 4)

measuremerbased annotation (the distance known to the ((@éther et al. 2009.
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Table2. Types of semantic relationships between environmental objects and realized objects

Types of semantic Description Example(s)

relationships

Names The annotation provides a name fo Keywords used as names in Touring
the physical object that it is Machine(Feiner et al., 1997
annotating.

Describes The annotation provides more A textual descriptiorfReitmayr &
descriptions about the physical Schmalstieg, 2003a
object.

Addsto The annotation not only provides  New objects are added to a park, such

virtual content but also changes the trees, statues, or a picnic takiaekarski
physical obj ect &Thomas, 2008 ARQuake(Vlahakis
view by this adebn. et al., 200, A completed version of a

building under constructiofThomas et

al., 2002
Modifies The annotation visually changes  Internal objects are visible throughray
existing physical objects (e.qg., vision technique¢Bane & Hollerer,

overwriting the physical objects witl 2004); Historical guides, where a
virtual content). building can be replaced or modified to

appear as it did in the pg&iiven &

Feiner, 200%
Directsto The annotation directs a user to a Showing the path to the desdiion
certain destination. (Reitmayr & Schmalstieg, 200%amany

examples & provided in the navigation

section 2.3.

2.7.5.2 Visualization Principles fomobile ARSystem

Few formal guidelines have been formulated for desigmiabile ARinterface. As stated previously,

Kruijff (2010) summarized a series of perceptual issugmbile AR systems from a more technical
perspectiveln terms of image understanding and perception, Furmanski et al. (2002) argued that several
issues also need to be considered: managing and controlling the quantity-seagtvey information

displayed, intgrating multimodal cues (haptic and auditory sensations) from obscured locations, and
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interacting with information across multiple depth plagl@gmanski, Azuma, & Daily, 2002The
reseachers further put forward a set of principles for visualizing occluded objects in AR applications (see

Table3) based on knowledge from perceptual psychology anditbagsciencgFurmanski et al., 2002
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Table3. Augmented Reality visualization guided by cognition frigrarmanskiet al., 2002

Category Sub-category Objective Techniques
Image Image To manipulate image qualities Histogram equalization
Processing Enhancement (e.g. contrast, brightness, Homomorphic Filtering

transparency t Threedimensional sensors (e.g., CT and
visibility. MRI(Megnetic resonance imaging))
Physicsbased quantitative models (e.g.,
mammography)
High pass filtering (e.g., highlighting

portions of images)

Image To recognize structures and Visual saliency
Understanding  featureswith the aim of Segmentation, ground, and perceptual
automatically describing the grouping

contents of an image.

Visual Depthdependent Transparency

Perception Perceptual Cues Occlusion
Sizescaling gradients & texture
Shading gradients

Crossreferenced depth

Perceptual Motion parallax
Motion Structurefrom-motion (SEM)
Binocular Cues Stereopsis

2.7.5.3 Mobile AR Augmentation Perceptualssues irmobile ARInterface

From a technical perspective, percepissiies can be subdividedarfive groups: environment,

capturing, augmentation, display device, and ugéndijff et al., 201Q. Specifically,environmentssues

relate to thestructure, colors and natural conditions (e.g., lighting) of the environment that impacts the
way the augmentation is perceiviglabbard et al., 200%abbard, Swan, Zedlitz, & Winchester, 2010
Sandor et al., 20)0 Capturingissues are associated wthe process of converting an optical image to a
digital signal by a camera, taking into account issues like image resolution, filtering, lens, exposure, color
correctness and contrast, and capture freategKlein & Murray, 2008 Thropp & Chen, 2006
Augmentationefers to the registration of digital content over video imagery. Problems include

registraton accuracy, occlusion, overlapping and layout, rendering and resolution migElatgkist,
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Assarsson, & Tsigas, 200KRalkofen, Mendez, & Schmalstieg, 2Q0isuda, Yamamoto, & Kameda,

2009. Finally, technical issues associated with mothigglay devicesare field of view (FOV), viewing

angle offset, display properties (e.qg., display brightness, contrast, and resolution), color fidelity,
reflection, and latencgKruijff et al., 2010 Livingston, Barrow, & Sibley, 20Q9hropp & Chen, 2006

Studies on the perceptual capabilitiesisérsinvolve individual differences (e.g., on visual acuity, color
vision capabilities and spatial abilities), depth cues (e.g., pictomaii&j physiological, binocular depth
cues), and disparity planes (i.e., the depth disparity at which the augmentation exist and the real world is
in) (Drascic & Milgram, 1996Kruijff et al., 2010 Linn & Petasen, 198%

2.7.5.4 Combiningmobile ARwith OtherEmbeddednterfaces irmobile ARNavigationResearch

The interface of anobile ARnavigation system does not only contaiobile ARannotations as

discussed in the previous section; it also typically utilizes and combines annotated instructions (e.qg.,
textual instructions), a portion of a map, and illustrating guiding syn{Pgksysalet al., 200D. Textual
illustrations can be a list of street names to follow and indications of which way to turn at an intersection.
A part of the map in which the user currently find him/herself can also be used to show the path. The map
is usually otated so that current heading is up and the path is marked or painted on the map. In addition
to map instructions, guiding symbols (e.g., arrows or footprints) are placed in each corner of the path to

show users which way to wafRyssysalo et al., 2000

Not uncommonly, multimedia (e.g., images, 3D objects, video) are also used as means to present
augmented information imobile ARnavigation system@Reitmayr & Schmalstieg, 200aMore
recently, panorama imaging, which shows the topology of surroundings previously taken at decision point

location, is also used as a navigation(&lithltherFranks & Malaka, 2008

Table4 summarizes a variety of annotation means to supplemelite ARviews found in both indoor
and outdoor navigation systems. These different types of annotations can be viewed asnodite of
AR systems because they are pamobile ARviews pr esented to the user throc

camera view.
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Table4. Types ofmobile ARaugmentations to support navigation activities

Other Means

Representativenobile ARResearch in Navigation

Maps

mobile ARbrowsers usually have a menu option for accessing a map view. Maps
represent a very efficient means for communication, analysis, synthesis and geogrz
data exploration of larger geographic information; this contrastsmétiile ARviews
that presentata and information in a limited range. They are good ways to provide |
insight and overview of spatial patterns, relationships and t@adsElzakker, 2004
For example, Signpost provides a semitransparent map overlay that can be superir
onmobile ARview on requesfWagner & Schmalstieg, 20p3aVIARA integrated a map
view that is centered and oriented according to the manner that users hold the phol
when the phone lies flat, the map view is shown; when the phone is tilted upwards,
mobile ARview is visible(Schmeil & Broll, 2008.

World-in-
Miniature
(MIM)

World-in-Miniature (MIM) extends the 2D map to the 3D miniaturized version of the
surrounding envisnment(Stoakley, Conway, & Pausch, 1995 MI M, a mi
eye view of the environment, is used to combine withbile ARto support situation
awareness by immersing the user in the environifiait, Hollerer, & Feiner, 2002

Bell used head movement to control the interaction of the MIM &igilting the head
down emphasizes the MIM view, while tilting it up minimizes it; looking slightly
downwards shows a birddés eye vi ew -dohn
Vi e w. I n the MI M view, t mebilauAReawarsd MMo s i
view are connected together by means of sharing labels and interaction with object
two views(Bell et al., 2002 A similar approach has been adopted usindile ARand
X-ray vision to explore the roas of a nearby building. Once a user identifies a room ¢
interest, the MIM view of that room is triggered, providing an exocentric view of the
selected roonjBane & Hollerer, 200 Extending this concept, Reitmayr and
Schmalstieg (2003) presented a system whereby users not only can access the WI

but can also select the MIM view of the interested location for navigation.

Distorted camerg

views

By modifying the field of view of the camera, users can maintain an egocentric view
the environment, in contrast with using a map view to gain an exocentric overview
(Grasset et al., 20)1Examples include a 3D virtual model that was used to distort th
regular camera view to a much larger field of view (F@Sandor et al., 2030and a
recent work used onlingenerated panorama approach to generate suchMeloni,
Danser, & Schmalstieg, 2010

Web browser

Somemobile ARbrowsers use this approach by providing a hyperlink omnthigile AR
view to open web pages (e.g., a textual description) for more dgadlsset et al.,

2011). For instance, an early warkThe Touring Machin@ enabled users to click on
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hyperlinks for further detailed information about the physical objects in a web page
the handheld dewe (Feiner et al., 1997Hollerer, Feiner, Terauchi, et al., 1999

Multiple spaces

One study shows that the combines of egocentric and exocentric views in navigatis
can increase o0ne d Grassetalambn &Bllinghardt, 2695Td o ¢
extend on thistwo general types of interfaces are identified combining these differer
views together: spatial and temporal meth(@isasset et al., 20)1The spatial method i
used to show more vVviewpoints f r ocisuteld®

provide a mechanism to switch successively between different viewpoints

Multi-modality
interface

In addition to visual information, other modalities have potentiahdbile AR
navigation interfaces, such as audio or haptic navigation gecegand animated guides
using body gestures to direct touiSchmalstieg et al., 20D70ne study has shown tha
in mixedspace collaborative navigation, visual guidabased collaborative navigation
(e.g., the representation of a hemased gesture) is more efficient than audio dues
indicating directions for mobile usefStafford, Thomas, & Piekarski, 2009 herefore,

further empirical studies on the effectiveness of these modalities in the conteod it

AR navigation need to be coucted.
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CHAPTER 3 METHODS

3.1 Overview of Study 1 and Study 2

As can be seen in Figure 1, this research consisted of two studies, which are described below:
Study 1: Situation Awareness Theory Refinement (SA Requirements Analysis)

Study 2: Theory Applicatioand Validation (Interface Evaluation)

Overall,a mixedmethods approachkias usedCreswell, 2009Crotty, 1998 Patton, 200Rto extend

currentSA theorieg Endsley, 19881993 1995h Endsley & Garland, 20QP0and subsequenthalidate

the application of an extended theory in a reaitgmented environment (both physical and digitized
environments)This research was situated within the context of exploring an unfamiliar urban context.

First, a qualitative methodology was utilized to conceptualize, investigate, and interpret the processes that
users employ in developing situation awareness, as wélleaassociated requirements for achieving SA.
Second, a quantitative-lab experiment was conducted to validate the findings.

Study 1: The first study was designed to achieve two goals: 1) to explore and identify the processes that
users employ to delop situation awareness; and 2) to explore and generate themes about mobile AR
usersod awareness r equiviroameatnitquery methodsvere usagiiclddomm@ r ur ban
observation, concurrent thirddoud sessions, and fateeface semistructued interviews to elicit the

process that users employ to develop situation awareness in the context of mobile augmented, reality
enabled, urban exploratory navigation. Content analysis was used to elucidate the process of situation
awareness developmentd analyze and classify situation awareness requirements. Subsequently, user

tasks in this context were identified, after which corresponding situation awareness task queries were

generated for use in measuring SA during Study 2.

Based on study findingthe SA theory was extended and refined based on observed phendnagmbon
in particular how the theory can be applied to the domain of realigynented environment in the task of
exploring an unfamiliar urban context. A preliminary cognitive model in dmext of mobile AR

enabled urban navigation was generated.

Interface design and developmenttn order to evaluate the application of this extended prototypical SA

theory, SAsupported design implications for a mobile AR guidance application were déowethe
findings obtained from St udywetetranSfgrreethio & secofihigh y, us e
level system requirements, and subsequently into detailed design solutions. A mixed fidelity prototype

was generated to demonstrate the cotuzgglesign of the SAupported mobile AR guidance
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application. Qualitative SA requirements data were then collected and analyzed. Section 3.2 discusses

Study 1 in detail; further details of the design process are provided in Section 4.2.

Study 2: Two desgin aspects were empirically evaluated in a dp@eled formative evaluation to examine

if a userbs situati on asuppartedinedase. Roatkis psrpopepther t ed by
interface of a mobile AR application employed during the previegirementselicitation studywas

compared against a baseline interface with the same level of interaction as the developed conceptual
design interface. SA and usability data were collected and analyzed. Section 3.3 further explains the
experimental design drassociated variables. The development and implementation of Study 2 was

guided by the followingesearch question:

RQ3 What are the differences between the proposed situation awaseipgssted mobile AR guidance
interface and a currently availablent er f ace i n terms of a) the wuserods

perceived usability in urban exploratory navigation?

3.2  Study 1: Situation Awareness Theory Refinement (SA Requirements Analysis)
3.2.1 Research Design

3.2.1.1 Process ldentification

As noted inChapter 2, there is a lack of available literature on the types of tasks that are possible in

exploratory navigation in a mobile ABabled environment. Therefore, prior to identifying the process

of SA development, the tasks that users perform in thiexbof urban exploratory navigation were

identi fied, which we based on usersod6 natur al beha
mobile AR guidance systems. Specific tasks were identified under exploratory navigation. Exploratory
navigaton tasks were further categorized according to whether they werdiggeed exploration or

exploratory browsingal t hough it shoul d be no-tuebdundatly aetwednh er e v
the two. Such a distinction depends on the level of spigifif goals that users form in a real context,

which can range from vague goals (e.g., Al want t

exhibits are currently running at the Guggenhei m?

To extend and refine the implications of situation amass theory in the context of mobile &Rabled

urban exploratory navigation, the process by which an individual typically develops SA (i.e., according to
SA theory) was identified. Namely, situation awareness begins by perceiving elements in the emtironm
(L1 Perception), followed by comprehending their meaning (L2 Comprehension), and then ultimately

being able to use that information to project the state of the environment in the near future (L3 Projection).
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Level 1 encompasses the perception of charistics and attributes of individual elements of interest. .

Level 2 consists of recognizing their properties and making connections or forming patterns among these
elements. Level 3 involves making a projection of the state of thatdslnd and therpsent

environment in the near future to aid subsequent deeisaking processes. Noted that the SA

development process might not involve all three processes.

3.2.1.2 SA Requirements Elicitation

The purpose of conducting an SA requirements analysis was tndetehe specific elements required

for SA in mobile AR navigation in an urban context. According to Endsley (1993), an SA requirements
analysis should be conducted to determine what ac
specific context ormvironment under analysis. Due to the fact that SA is dogcific and the

characteristics of a given domain vary greatly, SA requirements have to be elicited, and measurements

have to be established in each applied dorftamisley, 1993200Q Endsley & Garland, 20Q@&ndsley

& Rodgers, 1994Li et al., 2012 Ma & Kaber, 2007Pielot et al., 2010Smets et al., 2011&mets, te

Brake, Buurman, Neerincx, & van Oostendorp, 2Q0B8thnton, 2006 To accomplish this task, SA

gueries were developed frarrequirements analysis and used to assess SA. Because SA requirements
analysis were used to determine which facets of wu
measurement technique can be ens(@ahton, 2006 In general, these task elements tend to have few

covert actions and a Higcognitive content, so they are not immediately obser@atrleaning that it can

be difficult to elicit and check that the analysis has been thorough. To overcome such difficulties in the
elicitation of situation awareness information during exploratorjgaéien, a systematic approach was

adopted and a battery of methods was applied to obtain the required information.

3.2.1.3 Fieldwork Observation

In Iline with Endsleyébés (1993) analytical procedur
of observations of participants conducting exploratory navigation tasks within a mobdeafRed urban

context, following by semstructured interviewsThe process has been widely used in SA research in

many domaingEndsley et al., 200Endsley, 1993Endsley & Rodgers, 199&tarion, 2009, and

modified for this study. An overview of the observation process is provided in Table 5.
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Tableb. Stages of observation

Stages of the observatio

Description

1 Thematizing

2 Designing

3 Observation

4 Transcribing

Analyzing
6 Verifying
7 Reporting

The main purposes of the observation were the following: 1) to observe the
current user experience of using mobile AR guidance sy&gtu;identify
processes that participants employ to develop situation awareness under st
context; 3) to elicit situation awareness requirements for each task; and 4) t
develop goallirected hierarchical task analyses.

Participants: 6, aged 149,

The site: Christiansburg, Virginia

Out-field observation lasted approximately 1 hour.

A concurrent thinkaloud approach was used.

All individual verbal protocols were transcribed.

The interviews were analyzed using content analysis methods.

Reliability and validity checks were attempted throughout the study, includir
systematic way to conduct observation (e.g., establishing audit trial), runnin
pilot study, intracoder reliability check.

The results were analyzed and repaitethe results section.

A total of 6 participants aged 4® were recruited from the university using a purposeful sampling

method, namely criterion sampling. Prospective participants were required to 1) have owned and used a

Smartphone for at least six months; 2) have previausdg mobile AR guidance applications, and 3)

consider technology as necessary in their daily livesAppendix Bfor the recruitment flyer). Further

details carbe found in Section 3.2.2.

The observation session was carried out in the downtown area of Christiansburg, Virginia. The first step

in an SA requirements analysis was to clearly define the tasks under analysis in order to ensure the

elicitation of relevan§8A requirements. Specific questions and Google Street Views were provided to

participants as the query tasks they would undertake using mobile augmented Agadikysting mobile

AR guidance application served as a concrete physical representatioobil@ AR technology, thereby

elucidating

facilitated

some of its functional, aesthetic

a userds understandi ngAnasfassavdhb st r act

Megard, & Burkhardt, 2097 This was thought to be essential to the research, since the more radical an

innovation, the harder it would be for a user to understand what it should look like and how it should be

used(Leonard& Rayport, 1997. In other words, Wen a user can barely imagine what it might be
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possible to do with a new technolodpe/shds not likely to express specific needs. These unexpressed
needs are call ed nu(Rabertson, Be)tiHowelver, wealso riote thaha@esigniagd

to support a userds SA almost inevitably must go
aplication itself, its technical characteristics, and logical structure. The observation session lasted
approximately 1 hour. It was videgecorded and audiacorded (se@Appendix Efor the script). Detailed

procedures describedn Section 3.2.5.

3.2.1.4 Ethnographic Methods in HCI

Observation is one of techniques of ethnography, which as a research methodology comprises a series of
techniques (e.g., observation and iniens). These techniques have shawibe effective in eliciting

user requirements for products, services, and systems develdfrabitala, Loi, & Ganapathy, 2011

In a lab setting, experimental design often treats context either as a set of interfering or confounding
variables that need to be controlled for, or as a factor to be manipulated by other control variables that are
experimentally contrived in order to identify cawgeteffect relationships. By contrast, as a qualitative
research methodology, ethnographic obagon focuses on understanding the context of individuals,

their processes and practidearvey & Myers, 1995l azar, Feng, & Hochheiser, 2008naking it more
beneficial to a systems philosophy. This method i
d e s c r i (@edertzolB78and rich insights into the human, social and organizational aspects of system
development and applicatignlarvey & Myers, 199h Because it deals with actual practices in-real

world situations, ethnographic observation allows for relevant issues to be explored and an appropriate

framework to be establish¢Harvey & Myers, 199p

Historically, ethnography emerged in the early 1940s with the development of cultural anthropology

(Angrosino et al., 20085eertz, 1973Lazar et al., 200%atton, 200R Since that time, however,

ethnography has been evolvifRatton, 200R For example, early grourateaking work was conducted

by Suchman (1987) and Zuboff (1988), resulting in ethnography being more widely used in the study of
informationrelated system@arvey & Myers, 1995Hughes, Randall, & Shapiro, 199%uchman, 1987

Zuboff, 1988. The notion and practice of ethnography differs accorttirdiscipline(Prabhala et al.,

201). As a variation, fAapplied ethnographyo has eme
modern society (e.g., technological diffusion, the gap between rich and poor), problems of industrial
democracies in organizational and educational studi¢s,s@rve as a program evaluation tool in applied

educational resear¢hambers, 2090

More recently, in the field of HCI, ethnographic methods have been widely used across a variety of

settings (e.g., home, work, educational, mobile) to address two main purposes. First, HCI researchers are
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using ethnographic approaches to gain a more dédtaild nuanced understanding of how users interact

with computetbased technologies, which often cannot be provided via other métteads et al., 2009

Ethnographic observation attends to actual user experiencesworgkituation. In simple terms, the

goal i sdimmgode hotwams technology used. How do desig
system? What is the user experience of using a certain technology? Additionally, it addresses many of the
concerns about the validity of empirical findings (although thegiree of an observer may also influence

peopl e d s(Rissh&CGairol, 2002 The usefulness of applying exploratory ethnographic

met hods has been discussed in research designed t
gamegWang & Mainwaring, 2008 Si mi | arly, it has been ustked t o ex
environment using itar GPS navigational systerfieshed et al., 2008Second, an ethnographic

approach is particularly useful for designing new technology to be ugee field(Gaver, Boucher,

Pennington, & Walker, ZB1). Knowledge of what actually happens in the field can provide critical

information to challenge and explore some of the assumptions gained from a mainly experimental or
theoreticalbased body of knowledge. For example, Hughes et al. (1992) showetédipethnographic

studies led them to question some widely accepted assumptions about systems design. They found that

the information provided through an ethnographic approach revealed a deeper understanding of the

problem domain, and that conventionalpnci pl es previously thought as a

inappropriate and needed adesign

However, several researchers hawéed the limitations involved with using observations in general as a
tool for data collection. For example, DeWalt noted that observation is conducted by a biased human who
serves as the instrument for data collection; thereby the researcher mudtanddesss his/her gender,

sexuality, etc. may affect observation, analysis, and interpre{@®alt & DeWalt, 201D

3.2.1.5 Concurrent Thinkaloud Method

As stated previously, the outcome of SA development is a mental process that does not readily emerge in
observable actions, thus making easy identification difficult. To agdinéschallenge, the Concurrent

Think Aloud (CTA) method wassgd during the observation stydyhich requires people to think aloud

while they are performing a task. Verbal protocols (i.e. verbal reports) that emerge from the Think Aloud
method essentig help to map out the mental processes people use during a task to help researchers

identify cognitive elemenise i t her whil e people are doing the tas
CTA), or after the task ( fARefrobpedtive mhnkAloudk aka RT&A)pect i ve
(Ericsson & Simon, 1980984). CTA tends to provide morasight into the decisiemaking process

since it affords more procedural information as it occurs; in contrast, RTA provides more explanation and

retrospective information about the final chofs@iusela & Paul, 2000
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Traditionally, the Think Aloud method was used to study cognitive processes in psyctfaidgyson,

1987; however, it las now become a valuable research meihaodany applied nopsychology

disciplines including HCI(Boren & Ramey, 200Menning, Hoiem, Simpson, & Sullivan, 1990
Specifically, the CTA method is generally recogni
processes. For example, Ericsson and Simon (1984) found no reliable evidence that thought processes
changed when participants were instructed to think aloud concurrently. Studies also found no significant
difference in performance between CTA and silgfiianne & Donald, 1990 It should be noted that

there are some factors that might compromise the validity of concurrent verbal protocols, such as giving a
verbal protocol itself, giving it under time csimaints, influences by social biases, information given

being nonverbal (e.g., visual information, automatic or perceptoator skills)(Ericsson & Simon,

1980 1984). However, in spite of these factors, many studies in psychology have shown that this method
can produce valid and reliable déEaicsson & Simon, 1980984).

In this study, the CTA method was used during observation, which required participants to continuously
verbalize why they were doing what theyreveloing (i.e., thinking and reasoning). In addition, during the
course of obs#ation, participantavere promptedo provide verbal protocols if they were not verbalizing

or were not focusing on a certain aspect of the task. The concurrent probing ppeacsed to elicit

valuable information when it was still in their shtetm memoryEricsson & Simon, 1980.984).

3.2.1.6 Semistructured Interviews

Interviews are one of the commosnlged methods in HCI to ascertain user n€edzar et al., 2009

Tayl or and Bogdan (19 9-&faceckmrcbunterebdtwdemtheaesearchenarsdtha s A f
informants directed toward understarglint he i nf or mant s perspectives on
situations as expressed in their own vwiuctdedd (p. 8

interviews were conducted with the same six participants who took part in the obsesttatiormhe
interviews lasted approximately one hour and were carried out in the Assessment and Cognitive
Ergonomics lab, 530 Whittemore Hall. Detailed procedures can be found in Sectiofl 85

provides a schematic overview of the segggge interview inquiry approach that was used in this study
(Kvale & Brinkmann, 2008)
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Table6. Overview of stages of interview

Stages of the interviev Description

1 Thematizing The main purposes of the sestiuctured interview are the following: 1)
to identify and describe tasks of urban navigation in the mobile AR
enabled environment; 2) to understand the process of SA developme
mobile ARenabled navigation; 3) to elicii’Snformation requirements
of users in the task of mobile A&abled urban navigation; 4) to
triangulate results obtained from observation phase, thereby increas
validity, which is known aslata source triangulatio(Lazar et al., 2009
Patton, 2002Stake, 19985 and 5) to develop godirected task analysis
for user d6s goalAppendix Florthederiptt. ont e:

2 Designing Participants: the same six partiaigis
Interviews were conducted in the lab.

The script of interview questions was designed based on research
guestions (seAppendix F)
3 Interviewing A detailed script was used for the individual interview, each of which

lasted approximately one hour.

Transcribing All individual interviews were transcribed verbatim.
Analyzing The interviews were analyzed using content analysis methods.
Verifying Reliability and validity checks were attempted throughout the study,

including a systematic way to design interview questions, running pil
study, intracoder reliability check.

7 Reporting The results were analyzed and reported in the resedtson.

The interview included background questions, an audit of past experiences and knowledge in terms of
exploratory navigation of unfamiliar places, decismaking processes with or without mobile AR
guidance application, general usage of mobile AR guidamglkcation, and task simulation of four task
scenarios with different goal levels in exploratory navigation Aggeendix Ffor the script). Past
experiences andhé knowledge audit identified ways in which the process of situation awareness is
developed in mobile ARRnabled urban exploratory navigation and provides examples based on actual
experience. The knowledge audit draws directly from a specific method,ynaApm@led Cognitive Task
Analysis (ACTA) (Laura, 1998), to elicit cognitive processes that associated with task execution in

mobile ARenabled urban exploratory navigation. The knowledge audit involved a series of probes
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designed to describe knowledge tethto mobile ARenabled urban exploratory navigation tasks and

designed to elicit appropriate examples.

The scenario simulation allowed the researcher to
context of a challenging task scenario. Timeutation interview was based on presentation of a task

scenario to the user. Participants were asked to elaborate on what they were thinking as they experienced

a simulation in a task scenario. During the interview, participants were encouraged tdrtsekyaes

possible about what they felt where the most relevant and important information needs in mebile AR

enabled exploratory navigation. Probes (i.e. prompts) were used when necessary to deepen the response to
a question, increase the richness andhdepresponses, and encourage participants to provide more

details or to expand on issu@atton, 200R Additional questions were used to clarify the themes that

emerged during the interviews.

As suggested by Endsley (1993), to ensure thoroughness, the researcher mentioned topics of potential
interest during the interview if the participants had not caldrem. Additionally, at the end of the

interview each participant was also asked if there was anything el$etblagwished to discuss. Notes

were taken during each interview, after which the researcher wrote brief notes under each of the pre
determired research objectives and research questions to record the main points raised in the interview.
This technique is designed to improve the accuracy of analyzing recorded interviews, even when verbatim

transcription is also employdRallis & Rossman, 203, Wengraf, 200}

3.2.2 Participants
A total number of 6 participants aged-48 were recruited from the university using a type of purposeful
sampling known as the criterion sampling metfi@atton, 2002 The point of criterion sampling is to

study and understand specific cases that meet some predetermined criterion of Reeoest200R

In order to identify potential participants, recruitment flyers and emails were sent to a likely group of
participants via t helnadertotake mri b thi$ssudyeparticipdnts hadtet ser v
meet the following criteria: 1) have owned a Smartphone and used it for at least six months, 2) have

installed any mobile AR guidance applications on said device, and 3) considered technotmpssary

to their dalily lives. Those who replied to the solicitation were screened using a screener. These criteria

were considered essential to ensure that anyone who took part in this study had a good concept of a
mobil e AROGs t e c h oronktancejtiee aationdledoa exdludinglsameone witlout any
Smartphone experience was thatshemight be distracted by the novelty of the device and its usage

(e.g., direct manipulation by touching the screen or via verbal commands), as well as idteatph of

its functionality (e.g., enabled by various mobile applications) compared to an-gareation cell
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phone. In addition, studies show that there tends to be a gap between users4@gaddithose aged 50

65 in mobile usage for a numbafrfunctions (e.g., mobile Internet usage compared to other functions,
email, banking, etc{Westlund & Bohlin, 2008 Since there was no prior research reporting age
differences in handheld or any mobile AR usage, we adopted these general mobile usage patterns and
only recruited people aged-18 to reduce unwanted variations that otherwisgghtriiave been

introduced by including older participants.

In qualitative inquiry, there are no hard and fast rules for sample size. Decisions about sample size and
sample strategies completely depend on the purpose of the inquiry, what will be usafuljlitrave

credibility, and what can be done with available time and reso(fPedt®n, 200R

Eventualy, a total of six participants aged-#8 were recruited from the university using a type of
purposeful sampling known as criterion sampliRgtton, 2002 The point of criterion sampling is to
study and understand specific cases that meet some predetermined criterion of Rettoest200R A

screener and background information collection form is provided in Appendix f2rms of general

experience using a mobile AR guidance application,t h novi ces and expert or
people with mobile ARelated knowledge such as computer science students specializing in mobile AR
research) were recruited for this studwllis & Albert, 2008. I n contrast, fAnoviceso

used mobile AR guidance applications on a @pfeone before, but without extensive experience. The
reason to include both groups was that no prior research has indicated that prior experience or skill level
using mobile AR technology has impacted performance or cognitive ability or skill Aelsedakdown of
participant characteristi¢3 able7) shows that with respect to usage behavior and attitude recruited
participants included 1 technically savvy individuafrequent users who used the mobile AR whenever

they needed guidance, 1 infrequent critical user, and 1 infrequent but promising user.

Due to the fact that widelgiccessible mobile AR guidance applications are still at their infancy (or
per hapg hfotoaddddl e n terms of technology and user acc

started using mobile AR guidance applications are also documented (see Results Section).
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Table7. Background of participants in Study 1

Participant Attitude towards mobile AR
no. Type Background description  guidance application
2 Technically savwwy  Majored in computer Currently considers mobil&R
individual science and keeps technology to be relatively new, but
following updates on has great potential.

mobile AR technology and
related applications.

3,4,6 Users employing it Using mobile AR guidance
whenever they need application in new or unfamiliar
guidance places to know more about their

surroundings and guide their

decisions on POls.

1 Critical user filt's too soon. O
Using mobile AR guidance

application in new or unfamiliar

places.
5 Not frequent but One would liketousethe " Mobi | e AR thapoint'
promising user mobile AR application where | am compl

more often than they do

now.

3.2.3 Equipment

3.2.3.1 Video Recorder

One PoirtOf-View (POV) 1.5 heagnounted video recorder was used during the observations. Each
participant wore the POV device by attaching the camera head to a c&m(sed). This camera
captured the view fofwem ortthe@hygical ordigital elgmentstthattheypgazed t
upon. The POV 1.5 video recordingsgym is a higiguality (720 x 480 resolution at 30fps), haticse
wearable video recorder that is convenient and-gasgrry. The avoidance of using a handheld video
recorder facilitated note taking, eliminated the need for a videographer, and redweadedl, third

person Aobserver effects. o
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Although the camera recorder was able to record verbal protocols, an audio recorder was used as a
secondary source of information. The audio recorder was held by the researcher to capture the verbal
protocol (e.g think aloud) and responses to the guistervation interview questions. Written permission

was obtained in advance for both video and audio recordings.

/¥/¥ POV headmounted video recorde

The provided mobile AR applicatiol

Figure9. Equipment used in outfield observation

3.2.3.2 Artifacts
Artifacts are often used in the domain of HCI to elicit user needs to provoke responses from end
userglLazar et al., 2009 This study utilized Google Street view and Wikitude mobile AR guidance

application as artifacts.

Google Street View

In this study, in order to fAisituated users in a

with different geographical information provided by Google Street ¥i¢@SV) on the Smartphone

2 Google Street View is a technolothatprovidespanoramicviews from positions along many streets in the

world. It was launched in 2007 and its coverage areas have been 48 countries, dependencies, and autonomous
regions. This service can be accessgdriyone anywhere at
http://www.google.com/help/maps/streetview/learn/usstrgetview.html It enables users to view and navigate
through 360 degree horizontal andd28gree vertical panoramic street level images of various cities around the
world. The Street View feature can be used to take virtual walks, explore landmarks or find shops, restaurants and
hotels. Google is not allowed Google Street View to be usedringy video. No screenshots will be printed.

Google Maps content rules and guidelines can be accessed at:
http://support.google.com/maps/bin/static.py?hl=en&ts=134&page=ts.cs
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wereutilized, which showed the participant certain sttegel views. This screen view can orient
according to a usero6s physical rotation, which is
with a mobile AR application. Recent research hasatdd that navigation using this type of stiegtl

view is visually similar to the navigation exper.
the street, look around, and find locations of interest in a given urban sé@ttopfsChen, Szeliski, &

Cohen, 201) By using GSV as a study tool, an essential level of reliable urban stresttovas

provided to participants to facilitate the elicit
backward, to the left, and to the right to navigate his or her surroundings in GSV.

Different activated Google Street Views were provittedach participant on a Smartphone to identify

user tasks in different urban contexts. The criteria for selecting street views included the following
factors: (1) each view should hapath(s)andnote(s) or (2) each view should have ovisual landmark

(i.e., a visually distinctive object), or (3)cagnitive landmarKi.e., a culturally or historically important

object), or (4) astructural landmarki.e., an object playing an important role e.g., a bank). Two

additional factors were considered: fammiity with the environment (foreign vs. US), and the density of

the urban environment (crowded metropolitan area vs. less crowded/less busy area). Upon consideration
of these criteria and factors, street views were selected. Prior to turning over tren&$ad

Smartphone to each participant, agreements from two independent graduate students were obtained to
check the validity of matches.

Wiktude Mobile AR Guidance Application

An existing mobile AR guidance application, WikitGgavas used in this studyikitude can show a

mobile user a desired location with information on nearby POls (e.g., nearest coffee house). It also
enables the user to access photographs (from Flickr and Panaromia), activities and events (through Becks
Gig Finder and Stella Baniler), Google, Yelp, Wikipedia, Twitter, share locations with friends, and
provides other information. Similar to other mobile AR guidance applications, when users activate it they
can select a channel of interest and see virtual labels superimposéueaesl world through their

camera view. Users can select from one of the following views: a mobile AR view, a list view of POls, or

a map view where POls are shown on a map (e.g., Google map).

3.2.4 The Site for Outfield Observatio
The site for outfield observations was a street in downtown Christiansburg, Virginia, which is located in

Montgomery County in the southwestern part of the state. In 2011, the population was estimated to be

Wi ki tude won the fBest Au g(@an20ldd Real ity Browser o for
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21,030 with a population density of 1,463 pesspar square mile (United States Census Buk@ad).
Following the criteria described tynited Nations UN), Christiarsburg is considered to be an urban
area. This site was selected since it was sufficiently far from the university aste well known to
participants, which might have negatively impacted their task performance of exploratory nadigation

but still reaclable and convenient for the researcher and participants to do the study.

According to the United Nations Demographic Yearbook (United Nations [UN], 200yefinition of

an urban area is based on criteriat fihclude the following variables: population size, population density,
distance between builtp areas, predominant type of economic activity, conformity to legal or

administrative status, and urban characteristics such as specific services and fatdlitigernational
standard definition exists because the meaning va
defined as an area with 2,500 or more inhabitants, and with a population density of 100+ persons per

square mile. Two types of wah areas are included: urbanized areas of 50,000 or more inhabitants and

urban clusters of at least 2,500 but less than 50000 inhabitants (UN, 2010). These figures, therefore,

pl ace Christiansburg in the furreammbercoht egor y. It
environmental factors that inevitably influence a study of this nature. thiesg are regional/locational

di fferences that wil!/ al ter how navigation wor ks,
example, navigation will bmore challenging in a busy metropolitan area in comparison to a smaller

urban location. To mitigate the influence of regional and physical place differences, during theifollow

interview session we utilized a metropolitan city intersection (i.e., bas@émore crowded than the
Christiansburg |l ocation) to Asituated participant
onebs familiarity with a place (ranging from tota
awareness. Thus, tieground data was collected on the degree of familiarity that a participant had about

the Christiansburg location. For example, the screener asked the question shown in Figure 14 to ascertain
the personés familiarity wistwer@Hr ifidtaiidnys b uwege.k| Bar

excluded from this study.

How often do you go to downtown Christiansburg?

Daily Weekly Monthly Once in 2 or 3 months Twice in a year
yearly

Figure10. An example question regarding familiarity in screener

Although some level of familiarity with a place tends to be inevitable, it is unlikely that a person would

know every item or route segment shown on the séresen if that person was highly familiar witie
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space. I n other words, even for a fAlocal experto
direct navigation or experience (or both), key familiar points will mainly be landdharé&snecessarily
the areas that lie between th@raklay, 2010.

3.2.5 Procedures

3.2.5.1 Observation Procedures

Recruitment of participants: Recruiting flyers and emails (including the screener) were sent to
participants via university mail list servidedividuals who expressed an interest in taking part in this
study were screened based on the demographic information they provided theobgbkiground
guestionnaireA screener and background information collection form is providégpendix D. Those
who met the screening criteria were introduaethe purpose of the study and informed that they would

have to take part in two sessions: an observation session and an interview session.

Pilot study: Prior to the actual field study, two pilot studies were conducted to resolve any problems with

data cdlection procedures. This enabled participants who took part in the pilot study to ask questions and

of fer feedback. Task scenarios were refined based
session. The data from pilot study were not factomexidata analysis. Protocols are included in

Appendix E.

Out-field observation: Participants were taken individually to the observation site in downtown

Christiansburg, Virginia. Upon arriving, the participants were briefed again on the purpose of the research

via an IRB approved informed consent form (8@@endix Afor the IRB approval and fohppendix C

consent form). They were then instructed on observation profosolsc h as how t o At hink
the session. To familiarize participants with the
minutes practice time. Each participant wamnthsked to wear a baseball hat attached with the head

mounted camera described previously.

Introduction:During this introduction session, the participant was asked to relate some of his (male
pronoun used for simplification) prior experiences with esgilary navigation activities in an urban
contexd i.e., what he did or used (e.g., using digital maps), what he did with the mobile AR, and what

information he might have needed to use a mobile AR.

Task identificationThe participant was asked to bring lswn smartphone equipped with a mobile AR

application, and then asked to describe an experience in memory where a mobile AR guidance application

was used and what it was used for. Then the participant was asked to show what he did on that prior
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occasionand what other tasks he might have wanted to do at that moment. This helped to identify the

most natural task scenario for which the user would like to use a mobile AR guidance application.

Due to the constrains of field characters, in orderto ideatifys er 6 s t ask scenari os as
different urban contexts, different activated Google Street Views on the Smartphone were provided for a
participantds interaction. The selectiontreetf stree
view, the participant was asked to describe the tasks that he would like to use a mobile AR guidance

application in urban exploratory navigation.

The participant was then asked to address the task flow, which was intended &obeteidl overvievef

the task and identify the difficult cognitive eleme(itaura & Hutton, 1998 Although this preliminary

interview only provided awsfacelevel view of the cognitive elements of the tasks in urban exploratory
navigation, it enabled the researcher to focus on medepth questiodsf or exampl e, AThi nk
what you do when you do exploratory navigation on street in a city or a @amnyou break this down

into | ess than si x,Thelgoat wasnogetasets to parformn & meatal Walbktige p s ? 0

in their minds, verbalizing major steps in hot more than six steps to ensure that they did not delve into

minute details dung the preliminary interview.

Performing task scenariolst the second session, the participant was asked to use a mobile AR guidance

application (described in Artifact session) on the provided smartphone to conduct these task scenarios.
Eight task scenars were given. If the specific mobile AR application lacked certain features to support
the task, the participant was asked to describe his expectations. This step was included because sometimes

users are unaware of their needs until they see and useificsype of technological device.

Performing conception taskAt this point, the participant was asked to hold the provided Smartphone

with an active buiin camera and was required to view surroundings through the active camera view.
Duringthisppcess, the participant was asked to i magine
that included as much information as he reqdiredw would he conduct the above tasks. The same set

of scenarios was given to each participant. During this pr¢gpes®rming task scenarios and conception

tasks), the participant was asked to Athink aloud
performing scenarios. This was supposed to elucid
modeltocomplet desi red tasks. The researcher observed t

and asked questions after each completed the task scenario.

Postobservation Question$he participant was asked to give comments on the mobile AR guidance

applicaton that he had justusécand speci fically the applicationds
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respect to interacting with the surrounding environment in exploratory navigétisnentire observation
session, lasted approximately one and a quarter heassyideerecorded, audioecorded and

transcribed for subsequent analysis.

3.2.5.2 Interview Procedures

Once participant observations were completed, stmctured interviews were scheduled and conducted
with the samesix participants who took part in the observation study. Each-seuottured interview,

which lasted approximately one hour and was atetborded, was carried omtthe Assessment and

Cognitive Ergonomics Lab, 530 Whittemore Hall, Virginia Teehch partiipant received monetary
compensation ($25) upon completing the observation and the interview sessions. An interview script (see
Appendix F) was followed and prohg was allowed at appropriate times during the interview. The

interview contained the following sections:

Introductory questionsThe interview began with background questions designed to ascertain the

participantds exper ipacesandgenetalmobiled ARusageng unfamil i ar

A Si t:unaotder to situate the participant into the sttegel view, one Google street view of a
metropolitan area (described in the Artifacts session) was selected before the interview and was shown on

a desktop&een to the participant.

Past experiences + Knowledge audilie participant was asked questions related to places, decision

processes involved in urban exploratory navigation with or without mobile AR guidance application, and

general mobile AR usage enall. Specific points were probed on the three levels of situation awareness.

Simulation: The participant was presented with four-gdetermined tasks scenarios. The simulation
interview all owed the resear che eswithnthb eobtéxtofra under s
task scenario (Laura, 1998). These tasks were adapted to conform to practical constraints. Participants

were asked to elaborate on how they would think and act under a certain task scenario. Questions in this
section covered thwpic of awareness of place, specific mobile AR usage patterns, and SA elements. If

the participant did not mention situation awareness elements initially (e.g., objects, people, places,

activities, events, and virtual information such as local news)eiearcher probed the individual for

these elements. Pen and paper were provided to the participant to facilitetekimgtend illustrations.

Closing QuestiondParticipants were asked to describe their ideal mobile AR guidance system in terms of

interacting with their surrounding environment in urban exploratory navigation, and how they would like

mobile AR guidance application to be designed to achieve these SA requirements.

88



3.2.5.2 Interview Questions

Verbal protocols were elicited using an interview dofgeeAppendix F). Interview questions were

devel oped based primarily on two sources: the stu
cognitive task analys modified to fit the specific domain of mobile AR exploratory navigation (it should

be noted, however, that SA domains typically involve complex {acgée systems). We sought to gain

knowl edge on (a) user sod expl-enabkedenvirgnmanta(k)ithgat i on t a
process of SA development while conducting such tasks, and (c) SA requirements under such contexts.
Therefore, the interview questions, which were carefully crafted to inspire participants to generate
spontaneous and rich degtions, were able to contribute dynamically to the interview flow, while at the

same time eliciting valuable information. Research has confirmed that a single research topic can be
investigated through several related interview questions, thereby obtegtirand varied information by
approaching the question from different andkegale & Brinkmann, 2008 Accordingly, after theilot

study and théirst several interviews were conducted, new questions were created and added as needed to
capture more complete information. In other words, additional queeesadded to address emerging

issues during the process of qualitative data collection. The interview was an iterative process during

which the interviewer provided feedback to the participant on the information recorded so far, and asked
foranynecessgr addi ti ons and/ or revisions. When the inte
exhausted, the interviewer brought up areas that previous participants had commented on for

consideration and comment.

To address the research questions, the interview questions focused on 1) the process of SA development,

and 2) SA requirements in the context of mobile-éibled urban navigation.
1) Questions about the process that users employ to develop SA:

In orderto answer RQ1What process do users employ to develop situation awareness in the context of
mobile ARenabled urban exploratory navigati®) specific queries were asked on the three levels of
situation awarenedsnamely, Perception, Comprehension, armgjd@tion of the state of the

environmend as well as followup decisiormaking processes. Specifically, participants were probed on
1) what they knew and would like to know; 2) what helped them or would help them achieve the task at
hand; 3) what was neededwould be needed to enhance the likelihood of achieving good performance

on the task.

2) Questions about SA requirements:
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In order to answer RQ2\(hat are the specific user situation awareness requirements in the context of
mobile ARenabled urban exptatory navigatior?), an SA requirements analysis was conducted to
determine the requirements for fAperfect SA, 0 whic
is readily available in the present syst@ndsley, 1998 To elicit SA elements for exploratory

navigation task scenarios, participants were asked to describe the information elements that they
considered relevanhd important for tasks in the context of mobile-@Rabled urban exploratory

navigation. In addition, participants were asked to describe what decision processes each SA element they
listed were used for (i.e., how that piece of information would help)tfEEndsley, 1998 This

el aboration procedure was very wusef dnportemh t hat it
informaton. Specifically, it helped the researcher develop an understanding of the process that

participants employed to develop SA, as well as the nature of the SA elements described by the
participantEndsley, 1998 Based on user responses, additional information was solicited for the four
established components of SA: spatial, temporal, identity, and social.

3.2.6 The Coding System

As notedqualitative data were collected during the observation sessions, and vaeng@shquestions

during the interview session8gpendix EandAppendix F). The content analysis method was used to
analyze the transcribed textual and action data. Both quantitative and qualitative techniques were used in
the process of content analysis. A priori coding based on three levels of situation awareness and four
components (described below) were used to analyze the interview responses. As noted in the literature,
coding categories typically emerge fromthreesewlsc. an exi sting theoretical
interpretation of responses, and original terms provided by the particfambsn & Strauss, 200Q8In

this study, a priori coding schema was identified based on establishataitawareness theory and SA
components from the proposed model. As noted earlier, SA can be categorized into three levels:
perception, comprehension, and projection (Endsley, 1995a). The coding system developed for this study
added a fourtth namely, deci®n-making Thus, in addition to the four codes related to SA processes,

four additional codes were utilized pertaining to the four SA components used in the task of urban

navigatio® namely, Spatial, Temporal, Identity, and Social. The coding systemvi;:shd able8.

Additionally, in terms of mobile ARupported SA development, factors that had not been determined to

be important to, or to have influence on,-Séfported navigation in prior analyses were also be identified
(Endsley, 1998 Any contextual factors shown to have an impactorearu® s per cepti on, com
and ability to make projections of his/her surrounding environment in navigation were coded as
contextual factors, emphasizing that contextual f

certain activitiegSears et al., 200%ears & Young, 2003Examples of contextual factors are ambient
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noise, distractions, divided attention, impaired body motion, walking vibrations, weather (e.g., rain, snow,

wind), restrictive clothing(e.ggl oves causing Afat fingerso), uneve.l
or darkness, encumbering baggage, confined or crowded spaces, and @fwthWobbrock, & Smith,

2008 Lin, Goldman, PriceSears, & Jacko, 200Wicolau, 2012J.0. Wobbrock, 20Q6¥amabe &

Takahashi, 20Q7esilada, Harper, Chen, & Trewin, 2010

As shown inTable8, under each code category, sudules were assigned as they emerged naturally
through the coding process. fhdydesqilmd theiinstanpeavividly s o wn

and accurately.
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Table8. The coding gstem

Code

Major Coding Categories

Sub-code

1. Per

Perception of Elements

Searching

Locating

Orienting

Recognizing/identifying

Noticing (objects or ongoing event)
Attention to smartphone screen

Attention to environmental cues

2. Com

Comprehension of Current State

Acquiring overview

Acquiring patterns
Quantifying/estimating amount
Acquiring relations andomparisons
Discovering order

Interpret information

3. Pro

Projection of Future States

= =4 4 -4 -4 -4 -4 -8 _-a -8 -4 -8 -8 -8 -8 -2

Projecting based on past experiences
Projecting based on real time information

Projecting based on patterns

4. Dec

Decisiorrmaking

= -4 4 -4 A -8 -2

Improvising (experience)
Stimulation (env cues)
Facilitating a quicker decision
Change

Concerns

Difficulties

Past experiences

5. Spa

Spatial Component

= =4 -4 -8 -

Spatial boundary

Spatial relation to oneself (location & direction)
Arranged by distance

Exocentric view

Visible/obscureobjects to oneself
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6. Tem Temporal Component Dynamicallyassociated aspects

Plan according to the time available
Association of spatial motion with time
Impact of time on the usage of mobile AR

Impact of time on decisiemaking

= -4 4 -4 A -9

Impact of time orbehavior of exploratory navigation

7. 1de Identity Component Type of POI
Attributes of PO statically associated
Attributes of POI dynamically associated

Single POI

= =4 -4 -8 -

Collection of POls

8. Soc  Social Component Usersummoned digital information
Usersummoned physical information

Inquiring friends about POls

= =4 -4 -9

Inquiring locals/other visitors about POIls

9. Con Contextual Factors i Situational impairment

Ergonomic constraints

3.2.7 Coding Process

To control for subjective interpretation, another graduate student with coding experience was brought in
to code a portion of the qualitative data independently. As supported by the literature, the researcher was
the primary coder, since coding requireshbextensive knowledge of the theory on which the study is

based, as well as an understanding of related literatureg|8#ed knowledgé) not to mention a deep
understanding of the data colleciga@zar et al., 2009 To ensure accurate coding, the other coder was

first given atraining session (including a complete description of the study), a description and explanation
of the coding system, and a trial session to make certain that the coder was comfortable and skilled with
the coding process. The independent coder was gieemahscripts of a randomly selected set of

gualitative data. He was first asked to code the verbal protocol into nine major categories and then to
assign the subodes. For the emergent codes, the two coders examined the set of data independently and

eachdeveloped a list of key coding categories based on her/his interpretation of the data.
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Once the randomly selected set was coded, the two coders met to compare their category lists, discuss the
differences and the labeling of the emergent codes andasigls, and reach a consensus. Once the two

coders achieved a consolidated list that both agreed upon, the coders went back and applied coding
independently using the consolidated | ist. Percen
calculated as reliability check. It was considered a satisfactory reliability level. To facilitate the coding

process, Atlagi®® was used during the coding process. This program is highly developed and widely
respected/used in qualitative data analysis.

3.2.8 Coding Validty and Reliability

To establish validity, the researcher first confirmed that-detlumented data and procedures were in

place. This included cataloging all the materials that were collected and created (e.g., photos, video clips),
and documenting all peedures and products of analysis used during the course of the study. Secondly,
multiple data sources (observations and interviews) were used to triangulate the data to an applicable set

of responses.

As stated by Weber (1990), the goal of a reliabitigck is to make sure that different coders code the
same text in the same way. As described above, a set of explicit coding instructions at the beginning of
the coding processes (training, testing code, etc.) was developed and followed throughouésdse proc
Inter-coder reliability was assessed by percentage agreement.-acgelpted number is 0.60, which

indicates a satisfactory reliability.

3.3 Study 2: Theory Application and Validation (Interface Evaluation)

3.3.1 Research Hypotheses

In Study 2, the conceptldesign of the interface, which utilized two design mockups, was empirically

evaluated in comparison to two interfaces from an existing baseline product. The goal of the comparison
was to determine the extent t apportedbythe SAhpportads er 6 s s
mobile AR interface. The baseline interfaces were part of the mobile AR guidance application used in the
previows requirements elicitation studgased on an evaluation of information systems provided below, a
goatbasedormative empirical evaluation was conducted to evaluate the prototype. The research question

and related hypotheses corresponding to this phase of the study follow:

RQ3: What are the differences between the proposed situation awaseppssgednobile AR guidance
interface and a currently available interface in

perceived usability in urban navigation?

% More information can be found Atlashomepage atttp://www.atlasti.com/index.html
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Two hypotheses were developed to answer Research Question 3:

Hypothesis 1. There is a diffarce between the proposed-Sépportednobile AR guidance interface

andacurrenthavai |l able interface with respect to a user

Hypothesis 2. There is a difference between the proposesligfortednobile AR guidance interface
and acurrentlyavai | abl e interface with respect to a user

3.3.2 Research Design, Independent and Dependent Variables

The study was designed to explore one research question and two corresponding hypotheses in mobile
AR-enabled urban exploratonavigation. This quantitative evaluation consists of twtamexperiments

on two mixedfidelity mockup interfaces: one an AR interface and the second a Map interface.

The AR interface: The AR interface experiment was a wishibjects design with Intiace (Interface S:

SA supported design vs. Interface Bséline) and the number Bbints of InteresfPOIs) (3, 5, 7, 12) as

two independent variables. For this witlsnbjects design, the major source of variation betweendusers

which was consideredimpr t ant t o this study (e. g.o,wasaremovecr 8 s mL
to improve the likelihood of detecting differences with the same sample size (sample size =32 to match

the Latin Square design). In addition, using witbirbjects design, qutdtive feedback for both SA

supported interface and baseline interface can be obtained. The order of Interface and the Number of POls
combination administration was counterbalanced to overcome the possible learning effect carried over
between interfacesd sets. Specificallygll 32 participants underwent Interface B and Interface S with

Set A, B, C, D; however, the order in which they received Interface and Set differed. First, the Interface

was counterbalanced. Then the Number of POIls was counterlmilaging 4 x 4 Latin Square to

generate 32 combination sequences (this was due to the experimental constraints/requileteefasicen
administration order, in which one has to evaluate one interface after andtiese 32 combination

sequences were thesndomized. An Excel spreadsheet was created to record the 32 combination

sequences. Prior to experimentation, the 32 participants were randomly assigned into these sequences by
the researcher drawing each par teicawréspoadngl®sasl D fr om

then used in the experimeiithe order of task queries administration was randomized.

The Number of POls was included as an independent variable for the following reason. Based on the
compared interfaces (comparing information preed in table view vs. information presented in
clustered view), the effect of the Interface may depend on the number of POIs (e.g., interface S works

better under the condition of fewer POIs, while interface B performs better under the condition of more
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POIs). Therefore, the Number of POls was included in this study together with Interface as independent
variables. The Number of POls has 4 levels: The number of POls =3 (Set A), the number of POIs = 5 (Set
B), the number of POIs =7 (Set C), and the nunath@&Ols =12 (Set D).

Each participant was presented with two AR interfaces: Interface S (proposagpdrted interface)

and Interface B (a currentivailable baseline interface). Both Interface S and baseline Interface B were
mixedidelity prototypica interfaces, with high fidelity on visual presentation and restrictions on user
interaction. The design of Interface S was informed by findings obtained from Study 1 (more design
details can be found iBection 4.2 Interface B was considered as a beratkninterface among various
currentlyavailable mobile AR guidance applications (reasons are documergedtion 3.2.32 The

level of interaction of Interface B was controlled to be compatible with its equivalent (Interface S). For
each interface, eagiarticipant was presented with an initial task scenario and 12 task queries (24 task
gueries/query variants in total for the two interfaces). The task queries administration was randomized.
Additional details about task queries and query variants can be folB&ttion 4.1.3

The Map interface: Aie Map interface experiment was a wittinbjects design with the Sgupported
feature as the sole independent variable. The order of interface admimistrasicounterbalanced to
overcome learning effect carried over between interfaces. The task queries administration was

randomized.

Each paitipant was presented with twoady interfaces: Interface S (proposed-S#oported interface)

and Interface B (a ctently-available baseline interface). Both Interface S and baseline Interface B were
mixedHidelity prototypical interfaces described previously. The design of Interface S was informed by
findings obtained from Study 1. For each interface, each partich@mpresented with 4 task queries (8

task queries in total).

For both the AR interface and the map interface,
time and response accuracy on task queries, the score from th&édtaario Questioaire (ASQ), and

the Software Usability Scale (SUS) score. Dependent measures and their definitions are summarized in
Table9.
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Table9. Dependent measures and measure methods used in study 2

Constructs Dependent Measures Definition

Situation Objective measures

Awareness _ o _
Task queries Administering SArelated task queries
Completion time The timeneeded for the participant to complete t|
task query
Response accuracy Accuracy of the response collected as a binary

measure of response success (coded as 1) or
response failure (coded as 0).

Usability  Subjective measure
Questionnaires
ASQ After-Scenario Questionnaire

SUS Software Usability Scale

Since task query completion time and response accuracy are corusedlassessment measures in SA,
for eachtask the query response time (for those responses thateveget) and response accuracy were

interpreted as direct measures of the operatoros

The query response time (for those responses that were correct) was defined as the time needed for a
participant to give a response while performing thedatermine task. Response accuracy, defined as
the accuracy of the response, was collected as a binary measure of response success (coded as 1) or

response failure (coded as 0).

In order to perform a usability evaluation, ratings of usability were obtained uSIQyAfterScenario
Questionnaire) and SUS (Software Usability Scale). ASQ is a-ifemequestionnaire that probes overall

ease of task completion, satisfaction with completion time, and satisfaction with support information (see
Section 3.3.4andAppendix L). The overall ASQ score is the average of the responses to these items.

SUS is widely used to asses Section3.3.4mdAppendiaM)iThen sy st e

interfacebs usability was quantified as an aggreg
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score was considered to be meaningful, no scor e

calculation rules (seBection 3.3.%
ASQ raings and SUS ratings collection occurred at the end of task queries for each interface.

To reiterate, the following two hypotheses were developed in connectioR@BHrom Study 2What
are the differences between the proposed situation awarsoppsited MOBILE ARguidance interface

and a currently available interface in terms of a
perceived usability in urban navigation?
Hypothesis 1. There is a difference between the proposesligforted mobile R guidance interface
andacurrenthavai |l abl e interface with respect to a user

Hypothesis 2. There is a difference between the proposesliggorted mobile AR guidance interface

f

and a currenthavailable interface with respecttaias er 6 s per cei ved wusability.

Correspondingly, for the two sets of interfaces (AR interface and Map interface), more specific

hypotheses with respect to the dependent measures were developed:

Hypothesis 1. Effect of SSAipported design interface on SA

AR Interface

Primary research hypothesis (main effect):

H1: There is a difference between the two AR Interfaces on task query completion time.
Secondary research hypothesis (interaction effect):

H2: There is a difference between the two AR Interfaces depeod@atints of Interest (POIs) on task

guery completion time.

H3: There is a difference between the two AR interfaces on response accuracy.

Map Interface

H4: There is a difference between the two Map Interfaces on task query completion time.
H5: There is aifference between the two Map Interfaces on response accuracy.

Hypothesis 2. Effect of SApported design interface on Usability
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AR Interface
( : The two AR Interfaces differ in usability (as indicated in SUS score and ASQ rating)
H6: There is a difference between the two AR Interfaces on SUS score.

H7: There is a difference between the two AR Interfaces on ASQ rating.

Map Interface

( : The two Map Interfaces differ in usability (as indicated in SUS score and ASQ rating)
H8: There is a difference between the two Map interfaces on SUS score.
H9: There is a difference between the two Map interfaces on ASQ rating.

3.3.3 Analysis Methods

The SUS score was calculated by first adding the score contributions from each itemawtéchfrom

0to 4. Foritems 1, 3, 5, 7, and 9, the score contribution is the scale position minus 1. For items 2, 4, 6, 8
and 10, the contribution is 5 minus the scale position. Finally, the sum of the scores was multiplied by 2.5
to obtain the overall \ae of SUS, which ranged from 0 to 100. Averaged ASQ score for each interface

was calculated.

The data were summarized in means and standard deviations were répepatient measures and

analysis methods used are summarizethiple 10.

Specifically, to test H1 and H3,ShapireWi | k 6 $>.06)avastperfbrmed and a visual inspection of
histograms and box plots showed that the residuals residual of taslcquggetion time v@re not
normally distributed for both SAupported AR interfac and baseline interface . Aligned Rank
Transform was applied by using a tool called ARTgidcob O Wobbrock, Findlater, Gergle, & Higgins,
2011), followed by a tweway ANOVA analysis. ARTool was developed for nonparaméactorial
analyses using ANOVA proceduredtwo-way ANOVA analysis was then performed with interface and

number of POIs as two independent variables, and task query completion time as the single dependent

variable.

To examine H3, a nominal logistic regseon was performed with interface and number of POIs as the

two independent variables and response accuracy (0 vs.1) as an independent variable.
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To examine H4a ShapireWi | k 6 $>.06)avastperformed and a visual inspection of histograms and
box plots showed that the residuals of task query completion time were not normally distributed for both
SA-supported Map interface and baseline Map interfad&/lilcoxon Signed Ranks test was

performed with interface as the independent variable and task aprapletion time as the dependent
variable.

To examine H5, a Ckiquare test was performed on response accuracy (1 vs. 0) with interface as the

independent variable.

To examine HEH9, normalityassumptions were violated and Wilcoxon Bégl Ranksests were

performed.
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Tablel10. Dependent measures and analysis methods in Study 2

Constructs

Hypothesis 1:

Situation
Awareness

Hypothesis Dependent Measures Analysis Methods

AR interface:

H1,H2 Response time Aligned RankTransform
ANOVA
H3 Response accuracy Logistic regression

Map interface:

H4 Response time Wilcoxon Signed Ranks test

H5 Response accuracy Chi-Square

Hypothesis 2:

Usability

Correlation

AR interface:

H6 SUS Wilcoxon Signed Ranks test

H7 ASQ Wilcoxon Signed Ranks test

Map interface:

H8 SUS Wilcoxon Signed Ranks test

H9 ASQ Wilcoxon Signed Ranks test

AR interface:

SUS vs. ASQ Spearmanos

(@)
(7]

SUS vs. Task query Spear man
completion time
Map interface:

SUS vs. ASQ Spearmanos

SUS vs. Taskjuery Spearmanos
completion time
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3.3.4 Participants
A total of 32patrticipants aged 189 were recruited from the university using a convenience sampling

method. The following criteria were used to select participants for this study:

9 Participants had to be aged-489,
1 They had to have used a totsdtreen smartphongior to taking part in this study.

Recruitment flyers and emailéppendix G) were sent to the public through research study participation
servicesThe rationale for excluding someone without any Smartphone experience was that he/she might
be distracted by the novelty of the device and its usage (e.qg., direct manipulation bhygdlelsicreen

or via verbal commands), as well as the sophistication of its functionality (e.g., enabled by various mobile
applications) compared to an earliggeneratiorcell phone. In addition, studies show that there tends to

be a gap between users dd&-49 and those aged &5 in mobile usage for a number of functions (e.g.,
mobile Internet usage compared to other functions, email, bankingV@&s)lund & Bohlin, 2008

Since there was no prior research reporting age differences in handheld or any mobile AR usage, we
adopted these general mobile usage patterns and only recruited qugpE49 to reduce unwanted
variations that otherwise might have been introduced by including older participants.

3.3.5 Instruments

3.3.4.1 Evaluation Task Queries
Task Queries

The development of SA queries requires a detailed analysis of the task in ordatity &%
requirementg§Wright, Taekman, & Endsley, 20P4n other words, these gries correspond to their SA
requirements. During SA measurement, the individual is typically asked a series of questions in order to
determine his/her knowledge of the situation and the surrounding environment at an exact moment in time.
With respect toliis study, there were some challenges involved with investigatirguported

interfaces at this stage. First, due to the fact that the prototype evaluated during the initial design phase
was a lowfidelity mockup in terms of interaction (i.e., restriciateraction), the SA queries were

selected from the SA queries poll generated during StudypdendixW ) to fit the convenience and
availability of interaction. Second, for experiments conducted in the HCI domain, researchers typically
redesign an interface by changing the presentation layatstinformation or by adding a new feature

with existing information to make sure all answers to tasks are answerable under all conditions. Doing so
can ensure that one of the interfaces is not naturally favored over the other. However, due to fact that
situation awareness is enabled primarily by {as&nted information extracted from the environment, a

portion of SA requirements generated in Study 1 containedupforted features associated with
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incorporating SA information into the mobile AR guidaiterface. Therefore, at this stage, these types

of informationrelated, SAsupported features cannot be readily assessed in a quantirétiveed

comparison experimeditas opposed to an experiermrented qualitative evaluatiénsimply because

there areo equivalents in the baseline interface with which to compare them. Given these considerations,
24 SA queries and variants were generated for AR interface comparison, and 8 queries and variants were

generated for th®lap interface comparisqippendix NandAppendix P).

Validity and Reliability of SA Queries

To date, most of the existing SA evaluation measures that have been developed are used in military
(infantry operations), aviation, and Air Traffic Control (ATC). In contrast, SA measures are not yet
generally used in the domain of mobile computing telduyw This fact does not, however, represent a
significant concern for this reseatcimainly because the domaspecific nature affects the way it is
measuredDurso & Gronlund, 199%ndsley, 1995aWickens, 1991 In other words, in every new

domain, situation awareness requirements need to be assessed first, after which they are used to create
situation awareness queries in evaluation. In this case, validity check could be a potential threat to the

evaluation.

To address the important issue of evaluation validity, a number of checks were put in place throughout

this study. Firstto provide SA requirements, a series of elicitation techniques (observation and interview)

and methods (qualitative and quantitativeyevutilized during the Srequirements elicitation studyg

triangulate the data. Second, the evaluation segment used a modified SA measurement technique adapted
from the Situation Present Assessment Method (SPAM). As a probe technique, SPAM is an SA

asse sment technique originally developed for use ir
SPAM technique focuses on an operatoro6s ability t
indicator of his or her S& rather than recall spiic information from the past. As an example, a SPAM

anal yst woul d pr ob eelaed SAAUTee8 Based én pertmentnirgorntateors ik the
environment (e.g., which of two aircraft, A or B, has the highest altitude?). This type of inquiry (as
exemplified by more gener al guestions suchkh as A Wh
of XX in your tobXavaljp askeasmensstrad@unso & Gronlund, 199%Endsley,

1995a Wickens, 199% In the case of the present study, the query response time (for those responses that

were correct)y wastakenasn i ndi cator of the operatorbs SA. Eacl
response time were reported and analyzed. As illustrateabile11, it appears that most SA

measurement techniques have suffered from validation issues, or their validity has been inadequately
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reported. Therefore, situation awareness, regardless of theufaartesearch domain, should be further

studied with an emphasis of determining better ways to validate SA measurements.
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Tablell Partial SA measurement techniques summary {®tanton, HedgeBrookhuis, Salas, &
Hendrick, 2004

Subjective  Type of . .
Method o Domain Advantages Disadvantages
Objective  method
1) Developed for use in 1) Construct validity
. infantry environments. 2)questionable.
. Military i i . o )
.. Selfrating Less intrusivehan online 2) Limited evidence of use a
CARS Subjective ) (infantry _ o
technique ) techniques. validation.
operations) ) _ ) )
3) Quick, easy to use  3) Possible correlation with
requiring little training.  performance.
1) Developed for use in 1) Construct validity
- infantry environments. 2)questionable.
_ Military ) ) _ o )
~ Selfrating Less intrusive than oline 2) Limited evidence of use a
MARS  Subjective ) (infantry _ o
technique ) techniques. validation.
operations) ) _ ) )
3) Quick, easy to use  3) Possible correlation with
requiring little training.  performance.
1) SMEO&6s requ
il 1) SABARS behaviors 2) The presence of observer
fhitary . . -
~ Observer ] generated from infantry mayinfluence participant
SABARS Subjective ] (infantry ] . ]
rating ] SA requirements exercisbehavior.
operations) ] ) ] ]
2) Nonintrusive. 3) Access to field settings
required.
Freeze on Nucl 1) Removes problems 1) Requires expensive
uclear
SACRI Objective line probe b associated with collectin¢simulators. 2) Intrusive to
ower
technique SA data postrial. primary task.
1) Widely used in a
number of domains. 2) 1) Requires expensive
Freeze on o Subject to numerous simulators.
o ] Aviation o ) ] ]
SAGAT Objective line probe (military) validation studies. 3) 2) Intrusive to primary task.
) military ) . )
technique Removes problems 3) Substantial work is require
associated with collectin¢to develop appropriate queri
SA data postrial
Freeze on 1) Removes problems 1) Requires expensive
SALSA  Objective line probe ATC  associated with collectingsimulators.
technique SA data postrial e.g. 2) Intrusive to primary task.
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correlation with 3) Limited use and validatior

performance, forgetting

etc.
1) Construct validity
Realtime guestionable.
probe ) 2) Generation of appropriate
SASHA L = ) 1) Offers two techniques .
Objective technique ATC SA queries places great
SASHA Q . for the assessment of SA
Posttrial burden upon analyst/SME.
quest 3) Limited evidence of use o

validation studies.

1) Problems of gathering SA
Aviation 1) Quick and easy to usedata postrial e.g. correlation

- Selfrating (military) requires little training 2) with performance, forgetting
SARS Subjective

technique Nonrintrusive to primary low SA.
task. 2) Limited use and validatior
evidence.

1) Quick and easy to 1) Correlation between
administer. Also low costperformance and reported S
~_ Questionnair Aviation 2) Generid can be used 2) Participants are not aware
SART Subjective ] N ] ) )
technique (military) in other domains. of their low SA.
3) Widely used in a 3) Construct validity is

number of domains. guestionable.

1) Low construct validity.

Reattime 2) Limited validation report.
SPAM Objective  probe ATC 1) No freeze required.  3) Participants may be unabl
technique to verbalize spatial
representations.

3.3.5.1 After Scenario Questionnaire (ASQ)

ASQ was used to assesgerall ease of task completion, satisfaction with completion time, and
satisfaction with support information (sAppendix L) (Lewis, 1999. The overall ASQ score is the
average of the responses to these itdhemsurements of ASQ reliability have ranged from 0.9 to 0.96
(Lewis, 199119%; Sauro & Lewis, 201R Use of the ASQ showed a significant correlatio(g) =-0.4,

p <0.01) between ASQ scores and successful task completion, as evidence of concurrent validity and

sensitivity. By an analysis of variance, a sensitivity of ASQ has been indicated with a significant main
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effect (F(7, 126) = 8.92) < 0.00001) of task and a sigiaiint task by system interaction (F(14, 126) =
1.75,p =0.05)(Lewis, 1991,1995).

3.3.5.2 Software Usability Scale (SUS)

A Software Usability Scale (SUS) questionnai@susedto assess usability of tipeototypical interface
(seeAppendix M). The System Usability Scale (SUS) is a simple;iterm Likertscale giving a global
view of subjective assessments of usab{Byooke, 199¥%. It yields a single number representing a
composite measure of the overall usability of the system beaidgesdt Scores for individual items are not
meaningful on their owfBrooke, 199%. SUS has showto be a valuable evaluation tool, being robust
and reliable. Evidence has shown using larger samples that SUS demonstrated a reliability) &f20.9
(Bangor, 2008Lewis, 2009, and sensibility indicated by significant concurrent validitth a single

point rating of user friendliness £ 0.86)(Bangor, 2008

3.3.6 Interface

One SAsupported AR interface and one -SApported Map interface were generated based on findings
from Study 1, and used in Study 2. One AR interface and one Map intedac®/ikitude guidance
applicationwereused as batire interfaces. Additional information regarding -SApported AR and Map
interface are provided in Section 4.2.4. Screenshots efuUpfiorted AR, Map interfaces, and

corresponding baseline interfaces are providetbipendix K.

3.3.7 Procedure

Study 2 was conducted in the Assessment and Cognitive Ergonomics Lab, 530 Whittemore Hall, Virginia
Tech.Four pilot studies were conductdthe session began by welcoming participants and briefing them
about the purpose of the research. Informed consenfggEndix H) and demographic information

were acquiredAppendix I). Each participant sat down and was presented power point mockups on a

laptop screen to familiarize them with the study, after which theabsession began.

Session 1: Interface Comparison

First, the participantvas askedo read out loué task scenario (sé@pendix J) to place him or her into

the scenario. Then, due to the lidelity interaction of the mock up, the researcher reviewed the
interface with the participant, explaining the basic design feaf the interfaces and instructing

him/her about the interactive/nameractive areas on the prototypes. After completing the-thatugh,

the participant had about three minutes to interact with each interface and familiar himself/herself with
the irterface. Next, based on the fatetermined interface order and task order, the participant was

presented with one of the two mobile AR interfaces and corresponding tasks queries.



For completing task queries, participants were instructed on two poimtss Fi, al t hough t hey
time limit on the tasks, they needed to complete them as quickly as possible. Doing so was to minimize

the speed/accuracy tradeoff. Second, to exclude the time needed to read queries and write amdwers

thus only includehe time that participants spent on the corresponding intérféey had to signal the

researcher when they were ready to begin the task, as well as when they had completed the task.

Two practice trials were administered before beginning the actualtstskiyto familiarize the

participants with procedures and reduce any variants introduced by the learning effect. The task queries
were then administered one by one; omge task was finished, the next one began. The researcher
recordedth@a r t i crespanse aceuacy and response time to each query on a recording sheet
(Appendix O). Upon immediate completion of the task query on each interface, participenetasked

to rate the interface that they had just used with the ASQ and SUS questionnaires.

Subsequently, the second AR interface was given to participants and the session was repeated with the
same procedures. The same process was utilized with thmtredpce evaluation as weMap task sheet

is included inAppendix Pand recording sheet is Appendix Q.

At the end of the AR sessi@amd map sessioparticipants completed a pesgtssion interview with open
ended questions regarding their experiences with the evaluated intest@®spendix J). Their

opinions and comments were collected.

Effort was maddo ensure that measurement variances were as small (i.e., as precise) as possible. First,
paricipantswere confirmed to understamdhat they were supposed to do before beginning the evaluation

by instructirg them about testing procedurasd before &ginning the tasks. Secorgirticipantsvere
familiarizedwith the testing situation by feasilbjliof prototypes, and also enabled them to become
familiar with the c¢onc e @tbhutwithoutravdaleng enyastuaglevant fa bi gg
information (e.g., queries). This was done because each evaluated interface was extracted from a more
coherent interface; therefore, participants needed relevant informéaton the interface. Thirdask

queries werensured to betraightforward easy to understand.
Session 2: Design Concepts Evaluation

Upon completing Session 1, the participaas asked their opiniorsd feedbacksn five concept
design featuresScreenshots of these concepts are providégjrendix R. Additional details about
develp ment of these concepts desi gn vabamespoprsewa® und i n

recorded.
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CHAPTER 4 RESULTS
4.1  Study 1: Situation Awareness Theory Refinement (SA Requirements Analysis)
4.1.1 RQ1: Process Users Employ to Develop SA

4.1.1.1 User Tasks in Mobil&R-enabled Urban Exploratory Navigation

A goakdirected Hierarchical Task Analysis (HTA) was conducted, which is useful for analyzing the
information requirements of a particular group of usafter which it carbe used for interface design
(Wilson, 2003. An HTA seeks to establish the following three factors: 1) the primary goals of the
individual in the context of mobile AlRnabled urban navigatioR) the sukgoals that are appropriate for
meeting those goals, and 3) the SA elements for meeting thegeaisb

A goakttree is presented frigurell. This illustration provides an indication of the SA elements that
would be important to an individual at any point in the process of conducting an exploratory navigation
task.Specific usage tasks (use cases) that participants executed using a smédgbdnaobile AR are
presented ifrigure12.
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No goals formed

Vague goals

Specific goals

formed formed
y A 4
Exploratory Goal-directed Goal-directed Goals
browsing exploration navigation
v N v N
Browsing 2

surroundings General search Direct search Sub-goals

v y N

Determine Search by o
where to go category l«}—] Search by name Sub-objectives
v y
Search by sub- Determine
category where to go
v
Determine
where to go
v v
| I I [ v
Spatial Temporal Social Identity Aag’fgf;‘;’;s
component component component component SEahE

Figurell. A hierarchical task analysis of exploratory navigation
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Figure12. Smartphondased mobile AR usage tasks
4.1.1.2 A preliminary cognitive model of the procesmt participants employed to develop SA
Work activity notes were extracted and organized based on content analysis categories identified durin
the coding process. As described by Bartand Pyld2012), a work activity note is used to document a
single point about a single concept, topic, or issue as synthesized from raw contextual data, stated as a
simple and succinct decl arative poforthisstudys t he user
shown inFigure13. It consists of the name of a major feature or category, a requirement statement and
source ID, a rationale statement (if useful), and a commentary about this requirement (optional). These
adivity notes were extracted from the firsiund of coding (utilizing Atla.Ti), and then combined and re
organized in an iterative process under the main functional categories of perception, comprehension,
projection, decisiormaking, awareness of a pla@e conception), user behavior, information needs for
Scenario 1, 2, 3, and 4, spatial (component), temporal (component), identity (component), social
(component), contextual factors, mobile AR functions, mobile AR usage tasks, mobile AR negatives,

positive emotions (of using mobile AR), potentials (of mobile AR technology), differences (due to mobile
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AR), role (of mobile AR), reason (of using mobile AR), Wikitude negatives (application used), and

Wikitude positives. A sample of work activity notes is irdgd inAppendix U.

Support usersd6 perception

System shall provide users with information on visual landmarks (objects that are visually distinctiyve)
appearedint he userd6s natwural field of view on moji

Auser s need to know more infor mat i dhemobile AR t
screen(P2F:36;P2F:42).

Note: This requirement i s | mpor watmsuch Wsea landnsasks
(e.g., uniguely shaped, old, or unusually tall architecture).

Figurel3. An example ofiwork activity note

The generation of activity notes, which involved combining and reorganizing codes arwissiburned
out to bean iterative and timeonsuming process. Once thes#ivity notes were complete paeliminary
SA cognitive model in the context of mobile Augmented Reality (ARgbled urban exploratory
navigation Figurel14) was generateand mapped oseeAppendix Ufor a sample of a work activity

note). As can be seen in this preliminary cognitive model, stimuli consisting of both environmental and

di gital cues ar e t ak e nubsegonently unaergo theperiepteahpsoegssy st or e,

comprehesion, and projection processes, eventuaiulting in decision and response selection and

response execution. In fact, these three elements are central to the SA theoretical framework: 1) the

perceptual process, 2) comprehension (pattern recognition), and 3) projection.

Perception, which is a Level 1 SA, involves associating meaning to sensory stimuli. It is the process

whereby an individual becomes aware of and allocates high attention to an environmental object (e.g., a

building in the area), a realized object (AR cues)a digital object on the screen and associates it with

meaning. This process involves four components of SA, which are sh@&ection 4.1.2 and discussed
in Section 5.3In contrastan individualtends to allocatew attention ta¢he generagnvironmental
atmosphere, pedestrians, moving about on the street (e.g., negotiating curbs}tlaraigheackground

on the mobile AR viewer.

Once information is perceived in L1 SA, Level 2 SA combines and interprets information in working
memory.In this canprehension phase, spbocesses perform a number of tasks with respect to single
elements and collections of locatibased elements. Specifically, these-puticesses are performing an

overview, acquiring patterns, quantifying/estimating amounts, anguielations and comparisons on
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staticallyassociated aspects and dynamicabgociated aspects of POIs, discovering order (e.g.,

ranking), and interpreting information of individual POls.

Subsequently, in the context of mobile ARabled urban exploratonavigation, for Level 3 SA, the user

projects the likely future status of a given exploratory navigation regarding elements within the current
environment. Level 3 SA entails predicting the anticipated status of individual elements and patterns of
collective elements that share some common traits. To achieve L3 SA, a projection is generally based on
the userds past experience (e.g., p dirsetinfoamatipre r i enc e
(e.g., reatime view of a queue situation)pé perceived patterns (e.g., spatial patterns of POls on

alternative paths). Finally, decisiomaking regarding tasks in exploratory navigation and subsequent

action execution (e.g., physically navigating to the place of interest) are downstream from SA.

Simuli:

A —>
Environmental Perceptual . P
Ques - Process Gomprehension Projection
MARCQues - L J

. ] . Other

Searching  High cognitive demands  Agtention influ ncing
Locating .
COrienting Allocation factors
Recognizing/ W/ high attention W/ low attention
Identifying allocation allocation
Noticing

Visual processes: process cues from visual field
Environmental elements and digital

elements:

A -POI (Sngle location-based element Environmental elements and Sngle location-based element and
such as buildings, events/ activities, digital elements: a collection of location-based
restaurants, shops, landmarks, etc);a A Environment atmosphere elements (relationsand patternsof 3 o ojecting based
collection of location-based elements; (busy? Crowded? &vibeg? location-based elementsQ on:

A+ Spatial component (i.e., boundary, CHaté); components) A Past experience;
location, distance, direction) A Pedestriansin the surrounding A Acquire overview; A Real-time

A -*Temporal component (i.e., area; A Acquire patterns; information:;
dynamically-associated aspects of a A Moving about on the street A Quantify/ estimate amounts; A Perceived patterns;
POI, time available, associate of spatial ~ (curbs, pedestrianswhile A Acquire relations & comparisons:
motion with time) moving, steps); A -Satically-associated aspects:

A -*Identity component (i.e., type, A Seeing-through background on distance, reviews, ratings,
statically-associated aspects of a POl the mobile ARviewfinder. district safety, etc.
and dynamically-associated aspects of A -Dynamically-associated aspects:
aPOl) real-time info (queue/waiting,

A -*ocial component (i.e., user- crowds, etc.)
summoned information and A Discover order (ranking);
information inquiry) A Interpret information;

Figurel4. A preliminary cognitive model of the process that participants employed to develop SA
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4.1.2 RQ2: SA User Requirements

This section addresses R®Q2amely, what are the specific user SA requirements in the context of mobile
AR-enabled urban exploratory navigatiogrollowing Hartson and Pyl@012), interpreting the results

was facilitated by building a flow model and developing work activity notefliow model isa diagram

giving the fAbig pictured or overview of the actiywv
between roles and system components within the work practice of an organization. A flow model of the

user task in mobile augmented reality dadlurban exploratory navigation is preseriteBigure15.

Doing search off site to find out
what all interesting places are;
A flow model of the user task find out how to get there b

Off site

a approaching ) !', -

- When approaching the destination, one uses
MAR to have a check if one is on the right track;
and one would like visual identification of the place.

- Find out where the main tourists
attractions are (e.g., museum, planation
etc.), or browse the surrounding POIs in
one’s vicinity to explore surroundings, or
perform different types of search queries emerged
ohd?@ls.oneself (e.g., recognize and immediate needs
remember the landmark nearby)

- Look at what amount of time one has to ‘- e

make decisions on path selection

- Make sure one'’s safety (e.g. by taking the
main route instead of going to allies)
- One needs to find out which POI to go to in
order to meet immediate needs (e.g., being
hungry, being tired, wanting to go shopping,
etc.) by browsing or search again his/her .
surroundings on mobile AR viewer. r@n site

- While navigating. keeping track of one’s
own position and the distance to the
destination; when time permits, will explore
POls along the path:

Figurel5. A flow model of user task in the context of mobile-&Rabledurban exploratory navigation

Work activity notes were then further integrated into preliminary SA user requirements. Four out of six
participants who took part in Study 1 agreed to evaluate the initial set of requirements. Due to the small
sample size, quirements were evaluated by asking users to provide comments and notes on the extracted
requirements. If two out of the four evaluators agreed to take out a requirement, it was duly removed from

the list. Eventually, 52 SA user requirements and correspgisgstem requirements for mobile
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augmented reality (AR) guidance application intended for use in urban exploratory navigation tasks were
finalized and are shown iFable12. This table is organized and categorized based on the three essential
processes a user will employ to develop SA: perception, comprehension, and projection. Within each
category, SA requirements were then further categorized into subcategafieginmsearching, locating,

orienting, recognizing/identifying, and noticing for Level 1 SA; acquiring overview, acquiring patterns,
guantifying/estimating amounts, acquiring relations and comparisons for Level 2 SA; and projecting

based on past experienand projecting based on r¢i@he information for Level 3 SA. Since the type of
interface medi ates a userds devel opment of SA, I n
been included as a part of the SA user requirements. The congpoh&ua, identified and categorized

as Spatial (Sp), Temporal (T), Attributes (A), Social (So), are showrhire A Component so col
Tablel2. It should be notethat components of SA are not identifiable for these interface support

requirements.

11¢



Tablel2 SA user requirements and corresponding system requirements

Info
Process

uondaalad

Sub- No. SA UserRequirements SA-supported System Components Note Rationale
categories Requirements

Goal 1 For exploratory browsing and For exploratory browsing and N/A Various categories of This requirement is
goakdirected exploration, users  goaldirected exploration, system activities (e.g., important because the
shall be supported wittlifferent shall provide users with "layers" Afexpl ori ng layers ofinformation
layers or modules of information or "modules" of information everyt hi ng should match the user's
to select at as they wish representing various categes of irest aur an mental model of using a
(P2:68;P4:40;P1:224;P3:148;P5:. activities. fattracti o mobile AR viewer when
5) and Aevent theyperceive categorica

information.

Goal 2 For exploratory browsing and For exploratory browsing and N/A To provide personal
goakdirected exploration, users  goaldirected exploration, system experience.
shall have personalization options shall provide personalization
to set up preferences and add options for users to set up
personal or cultural related POIs preferences and add personal or
(P1:191;P5:163;P2:81;P2:94). cultural related POls.

Goal 3 For exploratory browsing and System shall provide an option fo N/A e.g., killing time,
goakdirected exploration, users  users to express and describe the hungry, etc.
shall have an option to express a needs directly at a particular
describe their needs to the syster moment.
(P1:118;P2:33;P5:126).

Recognizing 4 For exploratory browsing and For exploratory browsing and Sp Assisting inbrmation  This requirement is

/ identifying/
locating/
orienting

goalkdirected exploration on
mobile AR viewer, users shall be
able to identify or recognize their
own location and orientation, as
well as obtain information about
relevant POIs in their vicinity
(P1:271;P4:243;PF2:44;P3:63;P
75;P3:188;P4:78;P4:233;P5:249)

goaldirected exploration on
mobile AR viewer, system shall
provide users with information
abouttheir own location and
orientation, as well as relevant
POls in their vicinity.

such as:
Street: name, signs;

Building: name,
category;

é

important, because sign:
and street names help
people locate and orient
themselves.
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Recognizing 5
/identifying

For exploratory browsing and
goalkdirected explorationjsers
shall be supported the following
specific ways (5&) to assist their
recognition and identifying proces
(P1:246;
P3:171;P4:224;P5:235;P5:238):

For exploratory browsing and
goaldirected exploration, system
shall provide users with the
following information:

To support users mental
models of knowing
objects in the
surrounding environmen

5a.

Prioritized and more detailed
information, upon request, about
POls that are directly visible from
the AR viewfind
fiscano activity
to reveal additional information;

Prioritized and more detailed
information, upon rquest, about
POls (that are directly visible fron
the AR viewfind
Aiscand activity
to reveal additional information;

Sp

5b.

Less detailed information, upon
request, about nearby POlIs that ¢
not directly or completely visible
from the AR viewfinder; includes
an option to reveal additional
information;

Less detailed information, upon
request, about nearby POIs (that
are not drectly or completely
visible from the AR viewfinder);
includes option to reveal
additional information;

Sp

5c.

Less detailed information, upon
request, about distant POls that ¢
visible but vague from the AR
viewfinder; includes an option to
reveal additional information.

Less detailed information upon
request, about distant POIs that
are visible but vague from the AR
viewfinder; includes an option to
reveal further information.

Sp

Recognizing 6
fidentifying

For exploratory browsing and
goalkdirected exploration, users
shall be supported by an image
recognition feature in order to
identify and highlight the
requested POls that are directly
visible to the user
(P1:164;P2:232;P6:285; P2:242;
P1:285;P5:28;P5:27RB5F:107;P5F
:124).

For exploratory browsing and
goaldirected exploration, system
shall provide arimage recognition
feature to identify and highlight
the requested POls that are
directly visible to the user.

Sp




Recognizing 7 For exploratory browsing and For explaatory browsing and Sp "Attention-catching"
fidentifying goaldirected exploration, users  goaldirected exploration, system objects, such as
shall be supported by information shall provide users information or A colorful and/or
on "attentioncatching” POls that "eye-catching" POls that stand ou architecturallydistinct
stand out in the environment in the environment (e.g., an buildings, might not
(P3F:37;P2:208); and/or those thi architecturallyinteresting be used for navigation
are goalrelated (P4:327;P3:265; building), as well as POls that are (different from
P1:355;P3:267;P6:366). goalrelated. Landmarks).
For exploratory browsing activity Sp (e.g., shopping for This is an extended
and goaidirected exploration, souvenirs, particularly requirement.
system shall increagbe perceived A used in contextual
visibilityof user 6s i inquiry)
in oneds vicini
attribute information. (e.g., the kind of
merchandise sold,
pictures of items, how
far the store is from
current locatn, and
expected price range).
Recognizing 8 For exploration and navigation,  For exploration and navigation, This requirement is
fidentifying users shall be able to keep track « system shall provide important, because they
the following environmental cues environmental cues that users me help people locate and
(8ah): keep track of: orient themselves.
8a. street information (e.g., street streetinformation (e.g., street Sp
numbers/street signs) numbers/street signs);
(P1:83;P2:115,P3:57;P4:74;P3:5 A
P4:34;P4:59);
8b. store signs and company logos  store signs and company logos; Sp
(P4:58;P4:74);
A
8c. location of oneself (P5:87); location of oneself; Sp
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8d. direction to destination POls direction to POls; Sp
(P1:94);
8e. distance to destination POIs distance to POls; Sp
(P1:94;P4:127;P5:94; P5:87);
8f.  estimated time needed to reach a estimated time needed to reach a T (e.g., traffic patterns,
POI by taking into account variou POI by taking into account variou crowded areas, and
environmental factors important environmental factors; weather information)
(P1:94;P2:115;P5:94;P2F:78;
P4:230);
8g. dynamic pedestrian traffic dynamic pedestriatraffic; Sp
(P1:133;P2:115;P5:94);
T
Recognizing 9 For exploratory browsing and For exploratory browsing and A visual endmarks This requirement is
fidentifying goatdi r ect ed e x pl goakldirected exploration, system (objects that are important because a
need to obtain more information shall provide users with visually distinctive user 6s atte
aboutvisual landmarkshall be information onvisual landmarks appear ed i naturallycaptured by
supported on/from mobile AR on/from mobile AR viewer. natural field of view)  distinctive visual
viewer landmarks (e.g.,
(P2F:36;P2F:42;P3:57;P3:225; visually-unique, old, or
P4:252; P4:255; P4:256). tall buildings).
Recognizing 10  For exploratory browsing and For exploratory browsing and A cognitive landmarks
fidentifying goatdi r ect ed e x p | goaldirected exploration, system (landmarks having
need to obtain more information shall provide users with unique meaning that
aboutcognitive landmarkshall be information oncognitive stand out; they could
supported on/from mobile AR landmarkson/from mobile AR be personally,
viewer viewer. culturally, or
(P1:69;P2:134;P4F:127;P6:85). historically important)
Recognizing 11  For exploratory and navigation,  For exploratory and navigation, Sp
/identifying users shall have a consistent and system shall provide a consistent
interlinked interface among insigr and interlinked interfacamong A

view and overview
(P2:89;P5F:176).

insight view and overview.




Search 12  For exploratory browsing and For exploratory browsing and A search (e.gimage To provide search
goaldirected exploration, users  goaldirected exploration, system search and query activity
shall be able to perform varying shall provide users search functic search)
types of searches within the mobi that can perform varying types of
AR viewer with returned searchin search within the mobile AR
results viewer with returned searching
(P3:58;P2F:69;P6:265;P4F:56;Pt results.
:107;).
Interface 13  For exploration and navigation,  For exploration and navigation, N/A To prevent users from
users shall be able to quickly sca system shall provide users a quic incurring physical risk.
Support information on mobile AR viewer and easy way to scan information This is important
to minimize the time spent on on mobile AR viewer to minimize because users tend to
screen the time spent on screen. focus on the screen
(P2:73;P5:150;P2F:75;P2F:114;F rather than pay attention
F:83;P4F:132;P5F:59;P6F:50). to their surroundings.
Interface 14  For exploratory browsing and For exploratory browsing and N/A The time of visiting
goaldirected exploration, users  goaldirected exploration, system influences the usts
Support shall be supported with an adapti shall provide users with an perception of a POI fromr

interfacethat is constantly
adapting to the user's behavior at
buildup profile
(P1:187;P2:55;P4F:89;P6:54;).

adaptive interface.

the mobile AR viewer.
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Spatial 15  For exploratory browsing and For exploratory browsing and Sp environmental factors e.g., if there are more
boundary goaldirected exploration, users  goaldirected exploration, system (e.g., the density of the objects in the
shall be able to receive spatial shall provide userspatial information in the surrounding area, the
information that is automatically  information that is automatically local environment) device should decrease
adjusted based on environmental adjusted based on environmental the range to display a
factors(P1:188;P4:327). factors. reasonable amount of
objects on the mobile
AR viewer. If there are
only a few objects in the
surrounding area, the
device should ot
enlarge the range
because this may distort
a userbds pe
spatial information
Spatial 16  For exploratory browsing and For exploratory browsing and Sp This requirement is
boundary goakdirected exploration, users  goaldirected exploration, system important to provide
shall be able to have and adjust t shall provide users a certain rang uses sufficient options
information range at will on a as well as an option to adjust the that they can choose
mobile ARviewer (P4:327; information range at will on a from and also avoid
P5:133). mobile AR viewer. information clusters on
mobile AR viewer.
Recognizing 17  For exploration and navigation,  For exploration and navigation, Sp This requirement is
fidentifying users shall be supported by a system shall provide users wih different from Req.
concept of "search &entify," concept of "search & identify," A No0.13 because it
enabled by an image recognition enabled by image recognition anc emphasi zes
and identification feature in order identification feature in order to registration capability; in
to help users identify POls at help users identify POls at reque: contrast, #13 stresses tr
request, thereby assisting the thereby assisting the natural importance of a search
natural human visual inspection human visual inspectiorctivity. capability. These two
activity (P1:164;P2:232;P6:285; could be represented in
P2:242; P1:285;P5:28;P5:274; one concept
P5F:107;P5F:124). identify. o
Recognizing 18  For exploration and navigation,  For exploration and navigation, A

fidentifying

users shall have an option to
access the POI b

systenshall provide an option for
userstmccess the F
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information, if applicable (e.g.,
reaktime view, or photorealistic
pictures) (P4:269; P5:276).

visualization information, if
applicable (e.g., reatime view, or
photorealistic pictures).

Recognizing 19  For exploratory browsing and For exploratory browsing and A (e.g., to gauge the
lidentifying goakdirected exploration, users  goaldirected exploration, system atmosphere of a
shall havean option to access shall provide users an option to restaurant)
specific POI attributes that canno access specific POI attributes tha
be easily described textually, if  cannot be easily described
applicable textually, if applicable.
(P3F:112;P2F:67;P4:193).
Locating/ 20  For exploration and navigation,  For exploration and navigation, Sp (e.g., a This requirement is
orienting users shall be supported by an  system sl provide an interface semantic/distorted/ important, because user
interface t o qu toallowusersquicklp ne 6 s simplified map) have to checkuch
current location/orientation and a current location/orientation and a information frequently
desired destinadesired destina during an exploration;
location/orientation, if applicable location/orientation, if applicable and this may be
(P2:154;P4:247;P5:145). intensified when the are:
is complex.
Noticing 21  For exploration and navigation,  For exploration and navigation, T
users shall have an option to be system shall have an option to
aware of the ongoing status of provide users with information
events or activities in their vicinity about the ongoing status of event
(P3:186;P4:234;P5:101). or activities in their vicinity.
Interface 22 For exploration and navigation,  For exploration and navigation, N/A multimodal input(e.g., This requirement is
support usersshall be supported with system shall provide users with audio or hanébased important because users

multimodal input and output to
alleviate having to engage both
hands in the mobile context
(P1F:109;P1F:119;P2F:183;P6F:
20;P4F:130).

multimodal input and output.

gesturalland output
(e.g., audio or haptic
guidance).

tend to not engage both
hands to operate a
phone, especially in a
street context where at
least one hand might no
be available. In addition,
typing on a smartphone
is awkward and easy to
make mistakes in the
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mobile context.

Interface 23  For exploration and navigation,  For exploration and navigation, N/A
support users shall have a mobile AR system shall provide useas
interface with a glardree screen, mobile AR interface with a glare
operating properly under varying freescreen, operating properly
light conditions (P3F:56). under varying light.
Interface 24 Users shall have accurately System shall provide users with N/A To provide people a feel
support tracked, registered and displayed accuratelytracked, registered and of Alive fe
augmentation on mobile AR displayed augmentation on mobil more realtime
viewer AR viewer. experience to match the
(P2F:75;P2F:114P3F:83;P4F:132 mental model of mobile
P5F:59). AR
Q) Acquiring 25  For exploratory browsing and For exploratory browsing and Sp An overview of spatial
% overview goalkdirected exploration, on goaldirected exploration, system patterns and
k= mobile AR viewer, users shall be shall provide useran overview of A relationships can be
< supported by an overview of spatial patterns and relationships supported by, e.g., a
% spatial patterns and relationships of POl s i n onebd So map, a Worldin-
o of POl s i n oned someaspects of attributes. Miniature (WIM)) of
> some aspects of attributes POls regarding their
(P3:196;P4:243;P4:248;PBQ@,P5: attributes (e.g., names
47;P5F:44;P4:28;P5F:50;P4F:85; ratings etc.) in user's
4:243;P5:260;P6:272). vicinity.
Acquiring 26  For exploratory browsingnd For exploratory browsing and Sp (e.g, a combined use This requirement is
overview goakdirected exploration, users  goaldirected exploration, system of egocentric and an  different from Req. No.

shall have an option to perceive &
overview on mobile AR viewer
(P2F:89;P2F:165;P2F:86).

shall provide users an option to
perceive an overview on a mobile
AR viewer.

exocentric views)

25 in that it emphasizes
the need for an
overviewfocused
feature to be directly
positioned in the AR
viewer to establish
spatial mapping
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Quantifying/ 27

For exploratory browsing and

For exploratory browsing and A (Attributes of a group

- Users struggling with

Estimating goaldirected exploration, users  goaldirected exploration, system POIs) quantifying places
amount shall have a way to know the shall providethe amount of POls around
amountof POIs sharing one or  sharing one or more attributes The number of
more attributes under queryin  under query in requested POls -Users afraid of missing
onef6s vicinity sharing one or more  sites on the mobile AR
(P2F:44;P2F:52;P4F:49;P4F:54;F attributes(e.g., same  viewer
F:57;P6F:65). category or sub
category of POISs)
Interface 28  For exploratory browsing and For exploratory browsing and N/A Progressive disclosure it
goakdirected exploration, users  goaldirected exploration, system useful when a significant
Support shall besupported with a shall provide users a progressivel amount of information

progressively disclosed interface
gradually receive information at

request (P1:66;P1:75).

disclosed interface to reveal more
detailed inbrmation upon user

should be presented to
users.

Acquiring 29
overview

For exploratory browsing and
goalkdirected exploration, users
shall be able to have a way to
know the spatial relationships of
the POls sharing one or more
attributes under query (P2F:103;

P3F:70;).

request.

For exploratory browsing and Sp
goaldirected explorationsystem

shall provide userthe spatial A

relationships of the POls sharing
one or more attributes under

query.

To provide quantities
and amounts for users fc
choose from
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Acquiring 30 For exploratory browsing and For exploratory browsing and A Locally-based This type of information
patterns goaldirected explorationjsers goakdirected exploration, system individuals are aware is impatant, because
shall be supported with shall provide users with of what could be the  they are not directly
information that locallybased information that locallybased best places to visit, the perceivable and
individuals uniquely possess individuals uniquely possess. fun things to do, the  accessible to users.
(P1:52;P5:61). best places to eat, the
safe or unsafe section
of town, and specific
sections of town to
target based on
interests.
Acquiring 31  For exploratory browsing and For exploratory browsing and Sp e.g., rank by distance
relations and goakdirected exploration, users  goaldirected explor&on, the from near to far
comparisons shall be supported with a ranking system shall facilitata ranking
mechanism that can rank POIs  mechanism that can rank POls
based on one or more attributes ¢ based on one or more attributes ¢
request request.
(P2F:70;P5:163;P6;94;P3:211;P1
305).
Acquiring 32  For exploratory browsing and For exploratory browsing and A (e.g., 2 or 3 PQIs) To provide a mechanisn
relations and goaldirectedexploration, users goalkdirected exploration, system to reduce- u
comparisons shall be able to have an option to shall provide users an option to term memory load when
compare alternative POIs under compare alternativ®Ols under comparing
query in a quick and easy way query in a quick and easy way.
(P2F:70;P2F:180;P3F:64).
Interface 33  For exploratory browsing and For exploratory browsing and N/A e.g., removeé>Ol
Support goakdirected exploration, users  goaldirected exploration, system augmentations at

shall be provided with an
interactive AR view with
augmentations enabling direct
manipulation
(P1F:18;P2:94;P2:273).

shall provide an interactive AR
view with augmentations enabling
direct manipulation.

user 6 s Wwi
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Acquiring 34  For exploratory browsing and For exploratory browsing and Sp e.g., a table view
relations and goakdirected exploration, users  goaldirected exploration, system
comparisons shall be supported with a view by shall provide usera view whereby A

which users can browse users can browse information

information semantically in a semantically in a categorical way

categorical way

(P1F:75;P3F:75;P4F:85).
Acquiring 35 Forexploratory browsing and For exploratory browsing and A e.g., filtered by ertain
relations and goalkdirected exploration, users  goaldirected exploration, system criteria on POI at
comparisons shall be provided with a filter shall provide users with a filter request

mechanism mechanism.

(P5F:124;P1F:18;P2:273).
Acquiring 36  For exploration and navigation,  For exploration and navigation, Sp
relations and users shall have an option to system shall provide users an
comparisons access alternative paths along wi option to access information abot A

corresponding POl information to alternativepaths along with

the destination (P3:211;P1:305). corresponding POI information to

the destination.

Acquiring 37  For exploration and navigation,  For exploration and navigation, Sp
relations and users shall be made aware of PO systen shall provide users
comparisons of potential interest based on a1 personalized information about A

established user profile, which other POls of potential interest

could serve as alternative paths t that are located on the path to the

the destination pre-selected POls.

(P5:163;P2;94;P3:211;P1:305).

38  For exploratory browsing and For exploratory browsing and T This should not be

goaldirected exploration, users
shall have an option to set up anc
receive locatiorbased (spatial)
reminders of POls of potential
interest on their way to the
destination (P5:163;P2;94).

goalkdirected exploration, system
shall provide an option for users t
set up and receive locatidmsed
(spatial) reminders of their
potentially interested POIs on
their way to the destination.

intrusive (option to
turn off) when the usel
isnotin an

Afexpl orati
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Acquiring 39  For exploratory browsing, goal For exploratory browsing, goal A
relations and directed exploration and geal directed exploration and goal
comparisons directed navigation, users shall b« directed navigation, system shall
provided at will with information  provide users at will with
about POls sharing one or more information about POIs sharin
attributesor alternatives (if one or more attributes or
applicable) alternatives (if applicable).
(P1:231;P1:368;P2:333; P3:320;
P4:389;P4:295;P3F:71;
P4:295;P5:289;P6:401).
Acquiring 41  For exploratory browsing and For exploratory browsing and Sp
relations and goaldirected exploration, users  goaldirected exploration, system
comparisons shall have an option to be shall provide users an option to b
informed of information about informed ofinformation about
POls in their current vicinitand POls in their current vicinity and
in the vicinity of their in the vicirity of their
destination(s). destination(s).
(P6F:101;P4F:123;P4F:165;P6F:
01).
Acquiring 42  For exploratory browsing and For exploratory browsing and A Users have varying
relations and goaldirected exploration, users  goaldirected exploration, system interests on different
comparisons shall have information with a shall provide userg;formation types of places (e.g.,
uniformed layoutyariedfor with a uniformed layout, varied fo tourist locations vs.
different types of POls different types of POls. restaurare)
(P3:183;P5:105).
Interface 43  Users shall be able to interactwit Sy st em s hal | en N/A e.g., zooming, Users tend to have a
support mobile AR viewer analogous to interaction withmobile AR viewer panning, and saving connection between a

interactions with a touchcreen
based camera
(P8:89;P5F:107;P5F:124).

analogous to interactions with a
touchscreenbased camera, or
other similar mental models to
establish a familiar user control
concept.

touchscreerbased
camera interface and a
mobile AR. Therefore, i
is important to utilize the
user 6s ment
more familiar concept.




Interface 44 Users shall be able to save POls System shall providesers a N/A
support for later access at will (P2F:70;  feature to save POls for later
P2F:180; P3F:64). access at will.
Context 45  Users shall be supported via System shall provide users with N/A e.g., translated to a
support personal context information in ~ personal context information in preferred language on
their vicinity their vicinity. signs and landmarks
(P1:221;P3:164,;P4:208; P2:176; (that indicate direction
P5:219). and location,
Afatt grettitom
and instruction)
Interface 46  Users shall be able to make System shall enable users to mal N/A
support changesnd adjustment quickly or changes and adjustment quickly ¢
path and destination selection path and destination selection.
(P2:94;P3:74).
.v) Projecting 47  For exploratory browsing and For exploratory browsing and Sp
S. reaktime goakdirected exploration, users  goaldirected exploration, system
8 shall have an option to be shall provide an option to infm T
g' informed of reattime users of crowds/pedestrian flow
crowd/pedestrian flow associated associated with local events to A
with local events stimulate an exploration or to
(P1:133;P2:115;P3:57;P3:225).  provide cues of where a busy are So
is.
Projecting 48  For exploratory browsing and System shall provide users upon T e.g., a simplified This information could
past goalkdirected exploration, users  request with an option to have histogram chart; hel p users
experience shall besupported upon request  trends that reveal or confirm A information of last up the i mag
with trends that reveal or confirm information that can be used to s week's situation; POI.
o}

information that can be used to
establish a trend of experiences i
one POI to assist in making
projections in their (near) future
visit
(P1:140;P4:376;;P4F:130P5F:11(
P5F:75; P5F:114;P5F:119;

establish a trend of experiences ii
one POI to assist in making
projections in their (near) future
visit.
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P5F:120;P5:330;P5:339).

Projecting 49  For exploratory browsing and For exploratory browsing and T -Live performance When situation is not

reaktime goaldirected exploration, users  goaldirected exploration, system information or dining  dynamically changing

shall, upon regest, be made awar shall provide users, upon request A suggestions (e.g., and the subject matter is
of the realtime information of a  the realtimeinformation of a POI information about the relatively unimportant to
POI regarding its dynamic and regarding its dynamic and So artists, the venue, etc. the user, providing real
interactive aspectshereby interactive aspectshereby updates about time information is not
enabling a user's projections of itt enabling a user's projections of it restaurant waiting necessarily important.
future state. future state. time; a real time
(P1:100;P1:363;P1:370;P2:44,P3 indicator for seat
25;P2:337P3:320;P4:322;P4:391 availability)
5:339;P5:326;P6:144,;P6:392;B6:
80;P6:407;P1F:72;P1F:82;P2F:1¢ -a live feed to see how
;PAF:145,PAF:152;P5F:112;P5F: busy/popular a place i
14;P5F:115).

e) Social 50 For exploratoryprowsing and For exploratory browsing and So To support social

:DD" goalkdirected exploration, users  goaldirected exploration, syste participation and

@ shall have an option to interact  shall provide users a feature that collaboration
with locally-based individuals or  enables social interactions with
other users for spontaneous or  locals.
planned social interactions
(P1:334;P2:66;P5:110).

Temporal 51  For exploration and navigation,  For exploration and navigation, T e.g., going to a place

users shall have an option to set
and receive temporalselevant
information reminders at will
(P3:81;P5:116).

system shall provide an option fol
users toset up and receive
temporallyrelevant information
reminders at will.

at a predetermined
time; having an
inflexible schedule;




Attribute 52  Users shall be provided with safe System shall provide users with A To prevent users from

information about safety informatiorabout areas or getting into danger
neighborhoods/areas of an neighborhoods of an unfamiliar
unfamiliar place under query place under query.

(P5:87;P6LO1;).
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4.1.2.1 Components of SA

In addition to user requirements, the four SA components (spatial, temporal, identity, and social) were
identified. Because the research question invol ve
mobile ARenabled urban exploratory navigatiohe frequency associated with each component was not
reported for two reasons: 1) the purpose was to capture a profile of each SA component as completely as
possible, and 2) the frequency would matter more in a more specialized study of each individual

component.

Thespatial componentf SA involves knowing the spatial boundary, location, direction, and distance of
places and possibly moving objects and persons (including oneself) in surroundings.

Thetemporal componeraf SA consists of three aspects: 1) the dynamiemBociated aspects of POIs,

2) perceived time available to oneself, and 3) association of spatial motion with time. These three aspects
were applied in three ways: 1) the usage of mobile AR guidanceap, 2) on exploratory navigation
decisionmaking, and 3) on behavior of exploratory navigation.

The social component of SA involves usemmoned digital information, ussammoned physical

information, inquiring friends about POIs, and inquiringaiséother visitors about POI information.

The identity component of SA requirements was organized into an ydttie, shown below ifiable

13. This output servedumo purposes: 1) it helped to single out important aspects regarding major elements
required for the achieving and maintaining SA in exploratory navigation in an urban context; 2) it was
found to be useful for develSAnithaayalugtiorestugyehehid esi gne

detailed in the evaluation session.
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Tablel3. Identity component of SA requirements for mobile-ARabled urban exploratory navigation

Major Elements Major Identity Components

TouristsAttractions Similar places, direction, distance, navigational information,
transportation information, the route to the place, pricing, exact
description, history, language, culture, waiting information,

opening/closing hours;

Restaurants & Drinks Local food, traditional food, pricing, reviews, ratings, menu, waiting ti
information, reservation service, the route to the place, the area
information, information about atmosphere, live entertainment in the

restaurant;

Shopping area Temporal dealsale, discount information, products that are available
the various stores, different shops at the mall, reviews about shoppir

experience by other customers;

Event Live concert, street show, temporal exhibit, live music, band, attentia

drawing thing/local events happening on street;

Transportation Information about transportation, available alternatives, real time bus
schedules, estimated duration and time of arrival to the destination, 1

price;

Functional POls Nearby ATMs of one's bankptels, etc.

4.1.3 SA Queries for Measurement
SA queries (queries and query variants) were generated based on finalized user requirements in categories
of perception, comprehension and projectidpgendix W). These queries (queries and query variants)

were then revised in Study 2 based on the designed interfaces in interface evaluation as a measure of SA.
4.1.4 Mobile AR Interface and Related Chatexistics

4.1.4.1 Usability issues of the provided mobile AR interface
Due to the fact that an existing mobile AR guidance application was used in Staahy the usability of

this tool might have influenced the results obtained abdtie usability of this speéd tool was

13z



examined analytically in two ways. First, based on the results of usersathink several usability

issues were identified amdnked Figure16). In addition, a cognitive walkthrough was performed by an
independent graduate evaluator (specializing in human computer interaction and usability) to avoid the
bias that the researcher would have introduced into the evaluation had it not been performed by an

independent evaluator.

Number of Participants

Figure16. Usability issues of the provided mobile AR interface (itee Wikitude interface

The cognitive walkthrough, which represents a usability inspection method, is a precisely specified
procedure for simulating a user's cognitive proceseahdnteracts with an interface to perform a

specified task. Following a widelysed method proped by Polson (1992) over 20 years ago, the
researcher prepared and provided a form with specific questions, along with an 10S smartphone, for the
evaluator to perform a cognitive walkthrough on the provided interface (i.e., the Wikitude mobile AR
applicaton). The evaluator then spent approximately 10 hours using this method to inspect the Wikitude
interface. Throughout the evaluation phase the evaluators recorded answers and described problems on
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the card. Due to the excessive length of the document altigfilled out by the evaluator, only the set of
guestions pertaining to the cognéiwalkthrough is included iAppendix V. Various usability issues

concerninghe interface are detailed below.

4.1.4.2 Negative feedback on the provided mobile AR interface
Reliability and response time

Reliability: Even though reliability issues are not strictly usability problems, they can lead to usability
problems and thus have sifijcant negative impacts on performance. In this instance, when the system
did not work as predicted, users created workarounds and generated faulty mental models of the
operation. Another issue pertaining to reliability was that there were technicalld#s when

interacting with the mobile AR viewer.

Response timesUsers would become frustrated when the loading time exceeded their expectations.
Specifically, the loading time was up to 20 seconds when it typically only took akeabbdsThe
evduator reported that she hamiclose the application and-open it to get it to work.

Usability

Data inconsistencyUsers might experience problems with data inconsistency. In other words,

depending on the venue Boints of Intereste.g., restaurant, event, historical location), there was

variability in how much detail the application provided.

Lack of application of Ul standards; lack of a consistent system mabirs might have problems in the

following areas: (1) the labelsere too small to tap; (2) the buttons (e.g., the list button and map button)
were too small to tap, especially when users mighipeeating the application whilgalking; (3) the

distance (or range) adjusting function was not obvious to users.

Lack of use controt The evaluator indicated that label interactions were generally inconsistent. For

instance, it was difficult to tap with changing positions on the mobile AR viewer when slightly rotating to
a different angle. This might result in a feeling daek of complete control in operating these labels.
Mor eover, navigation wasnét al ways consistent as

avail abl e all the ti me. Similarly, the Aclosed bu

Visual designPoor usage of real estate: The evaluator reported that the description box was not used
economically and occupied too large a portion of the screen real estate. Additionally, participants felt the

contrast should be enhanced with a diffeetor scheme.
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4.1.4.3 Positive feedback on the provided mobile AR interface

In contrast to negative issues associated with the provided mobile AR interface, participants did indicate
some plusses. As shownhigurel7, users indicated that it issome entertainment valughichit was

more interactive, relatively simple to use, e&sprient, reasonably accurate, edasyunderstand, and

provided some embedded informatibiat was not shown on map (e.g., Wikipedia).
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0 . . . . . .

Slightly It's more It'sveryeasyto Simple It's reasonably The interface is It's embeded
entertaining- it'sinteractive than orient oneself interaction- accurate. easy to Wikipedia.
fun using amap. using MAR. everything is understand-
three steps intuitive.
away.

Figurel7. Positive feedbacks of the provided mobile AR interface (i.e., the Wikitude interface)

As reported by users, compared to other types of interfaces, the mobile AR guigplicaion was
generally good in five areas: 1) providing more exploration opportudities finding things that a user
was not specifically looking for (more being aware of things); 2) providing more readily available
information without searching fdtr during the initial step; 3) providing direction and orientation
information; 4) being a visual solution for providing guidance and navigation information; and 5) being
able to pinpoint where things are in browser when one is close to the place dhe/s&n is not clearly
identifiable by natural visual inspection. A more detailed explanation for each of these advantages is
provided inTable14 and the number ofgsticipants from where these items were extracted is provided in
Figurel8.
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Tablel4. Advantages of mobile AR

Advantages of Mobile AR

Explanation

Providing more exploration
opportunities; finding something that a
user was not looking for; being aware

things

In browsing, a mobile AR is/could be good at helping spot a

identify hidden places that one might not notice without

guidane, f or i ndntlewaé| o0atfipel ¢
some historical mar ker s . i
an area that | already thot

"More readily available information."
"Short information right away." "Do not

needto search or click for it"

Brief information on mobile AR is readily available on the AF
viewer. This hints that this type of display provides short

|l abeled information that dc
workload.

Providing direction and orientation

information

Mobile AR is good for direction and orientation and conveys
such information intuitively to users.
ilt's difficult to figure c

without mobile AR. O

Helping answer two questions: "Shoult
| go there?" and "Howvould | go

there?"

Mobile AR is actually a visual solution in terms of providing

guidance and navigation information to users.

Complementing human visual
inspection. "It's more a pinpointing

tool."

It could be used to pinpoint where things are in browsen
one is close to the place or when the sign is not clearly

identifiable by visual inspection.
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Figure18. Differences due to mobile AR interface

As indicated by participants, the role of the mobile AR in exploratory néeigean be divided into four
general categories: 1) it's more like a virtual guide that helps people decide where to go; 2) it's more like
an entertainment tool that gives people a bit fun in using it; 3) it helps find things that one didn't notice
before and 4) it is used to find widely known attractions and things hard to search on maps such as
Wikipedia information about an attractidrigure 19 shows the number of participants associated with

each response category.
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Figure19. Role of mobile AR in urban exploratory navigation

4.2  Conceptual Design and Prototype Development

Up to this phase of the studyA information requirements and mobile AR tasks were identified for use

in urban exploratory navigatioRrom a design perspective, successful interface design requires

researchers to develop a detailed, multifaceted understanding of user needs. Theeafdesface

should be designed to support situation awareness by augmenting the user with important and task

relevant information in such contexts, aswellastoans f or m i denti fi ed user sod S
appropriate design specifications. Asratfstep in the conceptual design and prototype development

phase, the identified information needs were used to create use scenarios employing aosssuhrio

design approach originally proposed by Carroll (1995). These scenarios represented mobde AR us

needs in the context of urban navigation.

Designing a mobile AR interface takes significant skill and time. As indicated by Feiner et al. (1993), as
the richness and variety of information that a system is able to present to a user increasesheso does t
design complexity. This means that in addition to the buypléf information architecture, a number of
specific design solutions need to be solved. To achieve this, a variety of interface design principles and

guidelines were referenced, includingeiribice design guidelines for a mobile AR sysf{eéarmanski et
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al., 2003, general interface design guidelif@hneiderman & Plaisant, 201@nd general mobile

interface design guidelines (e.g. 3®luman Interface Guidelines).

4.2.1.1 DevelopmenProcedures

To create the two prototypes (SApported interface and baseline interface), two locations in New York
City were selected. Images were shot at the selected location and videos, which were used for concept
evaluation, were filmed at different IO The selected locations were busy street intersections, venues
such as shops and buildings, and people walking and standing in different areas. These locations were
purposefully selected; they represented places where users usually go to do naigatiari.images

was captured at each selected location, after which they were edited by overlaying augmentation on the
images using Adobe PhotosRbgoftware. A slideshow of screens created by Power Point were used to

achieve a lo-fidelity interaction eféct.

4.2.2 Design Lifecycle an&cenariebased Design

The translation from requirements to design is often regarded as the most difficult step in the lifecycle
process. Based @stablished resear¢Hartson & Pyla, 2012 a macro view of lifecycle and its

iterations in design was creatdedgure20). Each type of design has its own iterative cycle with its

prototype and evaluation. The amount of and kind of design, prototyping, and evaluation were adjusted to
fit the circumstances anawtext of this study. These activities often overlap in practice. Sample sketches

and storyboard are includedAppendix T.

3 http://www.adobe.com/products/photoshopfamily.html?promoid=JOLIW
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Figure20. A macro view of lifecycle and its iterations in design

One type of information and interaction design method is scebasied design, which is an established
method that focuses on the activities in the design process of information systems (Cafall2000,

2002; Go & Carroll, 2004). A scenario is a narrative description of an activity performed by an individual
who occupies a specific role in a specific context (Carroll, 2000; Go & Carroll). This term also refers to a

narrative of a successful pdtirough an information system (Reeder & Turner, 2011). It describes
14C



everyday tasks in plain language, making it easier for communication and discussion of designs among

designers and domaspecialistsThe process of scenafimsed design is shownkigure21.

Activity design scenarios:
focus on user's goals and needs

for information in these tasks. Information design space:

brainstorm representations

Problem and activity design in metaphors and
claims: technology.
look for representations that
address
negatives, but keep
positives. W
Information design scenarios:
elaborate activites so that they include visual, HCl knowledge of
auditory, information design
or other presentaiton details <

Claims analysis: ’
features of the information design

with key implications for use

Interaction design space:
brainstorm interaction
in metaphors and
technology.

v

Problem and activity design
claims: Interaction design scenarios:

look for representations that physical actions and system responses
address

that enact and respond to the users' task <_j_ HC! knowledge of
negatives, but keep goals and needs. !

- interaction design
positives.

v

L3

A 4

Claims analysis:
features of the interaction design
with key implications for use

Figure21. The process of scenati@sed dgign

Use scenarios were constructed based on the extracted SA user requiremestsdyon Generating

design scenarios is a tirsensuming and teaioriented iterative design activitgxamples of a generated
problem scenario, an activity design scenario and an information/interaction design scenario are provided
in Figure22, Figure23, andFigure24. Once the information architecture was developed, a number of
specific design questions had to be answered, such as the following two: Should a POI be represented
with a floating information bubble, a billboard, a marker, or some other gfag¥iat methods should be

available for the user to filter or search the possible reshittsthhswer these questions, the claims
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analysis technique was used to generate specific information and interaction séRoEstn & Carroll,

20032. This method requires the designer to determine the ptbsams related to the proposed
information and interaction design. For exampl e,
users might be confused about the categorization of POIs. In contrast, an advantage was that it could

serve as a filtemechanism. In other words, everything does not have to be displayed on the mobile AR

vi ewer at the initial activation, thereby reducin

A full claims analysis, along with corresponding user requirements with respeftrtoation and

interaction design scenarios, is provided\ppendix S.

Example Problem Scenario

Andrew is a 26something graduate student. He enjoys using his technology gadgets duvigkoff
hours. He owns a cuttingdge smartphone, which is routinely updated with the latest operating system.

Since he has a smartphone and he is a somewhat dflavec, he checks the latest tech news every

couple of days, and downl oads or purchas-es mobil e

recommending apps. 0

As a student, Andrew doesndt have a | epersanél t i me o

travel, taking part in family events, or just hanging out with friends. He especially likes metropolitan
areas with their diverse architecture, varied choices in restaurants and coffee shops, and entertainment

opportunities. All seem to be atttive to him.

After the semester ended, Andrew was invited to a wedding in X city, which he had never visited before.
Knowing he would have some free time, Andrew wanted to plan ahead before traveling to the wedding
destination, so he used his laptopta p o ut sgoome oirrmufigtw chl aces t hat t he
recommended. He also took short notes on his smartphone on where he wanted to go and what he wanted

to see. He also made a rough plan on how to spend time at various places. On his way todtierjestin

he updated the mobile AR app that he used whenever he needed to get around a place.

Since he arrived in City X right after the semester finished, he was only able to do a little homework

about the city. But given the little he does know about itsvery excited!

Now he is in the downtown area, which is a mixed busteagsrtainment district. In fact, it is one of the
busiest areas in the city where most people go for attractions, museums, entertainment, shops, or simply

tohangoutandexperiec e t he metr opolitan culture. He I|looks
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like walking around to check out this place so he can plan out the things that he can probably do at night.

Tomorrow some of his local friends will accompany him as he corgtitiuexplore the rest of the city.

Figure22. An example of problem scenario

Example Activity Design Scenario

Andrew has just emerged from a subway station and is standing at an intersection. Because he is
visit some majr attractions tomorrow with a local friend, he decides to just walk around the downtd

area but he isnbét sure where to go now.

going to

wn

He holds the mobile AR guidance tool. He looks at the subway schedule and decides to come back around

9:50PM to catch the tnai Then he turns around to browse what is around his immediate vicinity to get an

idea of the place, such as nearby buildings and shops, as well as what is happening right now with some

events nearby, such as live music performance, street shows, arghktereHe also wants to look at

tweets that have been posted about this area to see what people generally do here, so perhaps hg could

join later.

He decides to walk around. With the mobile AR tool, he sees a toy store right in front of him, which is

floor-uponfloor of all kinds of toys. Andrew has no particular interest in rpisduced toys, but he

decides to browse anyway since he has the time and the window displays are so engaging. He then finds

out from the mobile AR tool that it is a famitywwnedstore that is big on customer service. It is also we

known for its fabulous array of plush toys,

games

for a bit.o Andrew thinks. He then disckspbuses s t hat

and wooden subway car replicas. fAOh that i s| somet
thinks.

Then he turns around and an interesting shaped building appears before him. It is several blocks|away but

still tallenoughfohi m t o see. MAWhat i s t hi s-8hapedbuildiogoligle i nt er
bit |Ii ke a honeycomb. He finds out it is onje of t

the city as memorably as anything else. Some fas tache to him. For starters, it only took 13 montis

to build. Also, there is no observatory or open area on top. The public can only get as far as the p
level. He also finds out on the plaza level there is a bookstore, and that a new book releas@ds oc
right now. He | ooks at -btyhdi snoitn ffo rcnaatiioonn oann d

stop by and check out the place and this event.
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He keeps browsing by turning on the event/activity layer and views more events happdrang at t
moment or later in the day. But it seems nothing else looks as enticing to him as the toy store with
wooden vehicle replicas. After viewing the tool for couple of minutes, he decides to cross the inter
and check out the toy store first.

Onehour later, he emerges from the store and walks down the street, passing more shops. He ng
t ha
and with live music. He looks it up on his mobH& application and finds out that there are six Italian

hungry and wants to find at least a thstar Italian restauraditp r e f er abl y one

restaurants within 20 minutes walking distance from where he is. After viewing information about ¢

t hem, he decides to go t o -mihuewalgaijustundefadled [ G

ts

section

w feels
At

PN

0Ss

rach of

ust o, O

Figure23. An example of activity design scenario

When Andrew turns t he i t he

the subway schedule is shown on screen. He determines that the train he wants to take will leave
PM, so he books thet&ket, saves it, and seds alarm for 8:50 PM.

on ifeyeo con on

While the browsing mode is active, he begins to browse his surroundings, which is displayezkin pr
layers through the AR viewer. He sees building and streets in front of him with color highlights on
viewer. He tapsonone bfh e m. A
t he

reaktime camera view button, which when tapped reveals dinalviewof the main floor from an

ng

short description about

textualwriteu p about store, an tappable Aitems

overhead angle (without reveal: peopl eds

information about the place.

When Andrew taps on the interesting shaped building down the street, a short description abac t
also shows up. Among featured events listed on the building page, an events page pops up with k
textual information, a redlme camera view, and retilme tweets, such as event updates and other

information posted by visitors. Hesetsupafpsss not i fi catibgn resi mg ea (

He taps on the restaurant layer icon on the panel of his mobile AR screen and then taps to seleet
star requirement, the $§& button (indicating affordable for a college student), and then halgsn

front of him. He filters down to 8 restaurants. He first brings up the map view with interactive radar
bottom to have an idea of where they are located in relation to him. Because he is hungry, he brin

table view of the restaurants with?0 minutes walking distance from him by tapping on thentutes
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ring. On each individual restaurant page, it shows hours of operation, menu, aggregated reviews, |current
seat availability, and reservation services in textual information; additionadbtame camera view
button shows the counter view and waiting area, while an overhead view displays more of the restaurant

without revealing any facial information about customers. He chooses one out of the alternatives and sets

up the navigation to th&bcation

Figure24. An example of information/interaction design scenario

4.2.3 Interface Design Principles and Guidelines

To provide effective design solutioghs uch as answering AWhat font size
interfae design principles and guidelines were referred to and checked out in terms of conceptual design
solutions on the mobile AR interface and experimental mockups. These included general interface design
guidelines (e.g., Gest aolden RUlds efinterface D&skgm),edésidre r man 6 s E
guidelines for mobile platform (e.g., iIOS Human Interface Guidelines), and interface design guidelines

for mobile AR system.

4.2.3.1 General Interface Design Guidelines

As indicated, a number of visual design prinefphave been thoroughly examined and documented in the
graphic design literature. Examples include Gestalt Theory, which is comprised of a set of design

principles based on human visual perception: proximity, similarity, continuity, symmetry, closure,

relaive size, figure and groun®offka, 1963, clarity (MacEachren, 20Q4visual contrast, order,

grougng, unity, harmony, structure & balance, focus & emphasis, and visual hierarchy. One of-the best
known sets of interface design principles is prob
Design(Shneiderman & Plaisant, 201(T able15).
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Tablel5. Shneiderman'sight golden rules for interfacesign

No. Rules

1 Strive for consistency

2 Cater to universal usability

3 Offer informative feedback

4 Design dialogs to yield closure

5 Prevent errors

6 Permit easy reversal of actions

7 Support internal locus of control
8 Reduce shorterm memory load

The simplicity of a system (i.e., supported by a simple interaction modality) is critical to mobile system
design(Jarman, 2011 This is particularly important fanformation systems used in an outdoor

contex® mainly because a mobile user is likelyuse the application while movir{gorgia et al., 2012

4.2.3.2 Design Guidelines for Specific MobiRlatform

In addition to consulting general design principles, this study also followed design guidelines provided
for developers of design mobile interfaces. Specifically, in developing the conceptosype, the

following guidelines were examinelDE* (Human Interface Guidelingd1G)) or GNOME?® interface
guidelines; guidelines for the mobile interface that used a mobile platform, and iOS Human Interface
Guidelineé*. These variosi sources address specific design patterns regarding layout, navigation, color
and typography, icons and graphics, Ul elements (bars, content views, controls, temporary views), and

icon and image design.

%2 KDE is an internationdree and opesoftware community producing creptatform applications, which can be
accessed dtttp://techbase.kde.org/Development/Guidelines
3 GNOME is a graphidauser interface composing of free and open source application software, which can be
accessed dtttp://developer.gnome.org/hlgpok/stable/
% j0S tuman Interface Principlds a set of interface principles used by iOS designers and developers, whixgh can
accessed at
https://developer.apple.com/library/ios/documentation/userexperience/conceptual/mobilehig/index.html#//apple_ref/
doc/uid/TP4000655€H66-SW1
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4.2.3.3 Conceptual prototype of mobile AR Information Syste

A conceptual prototype is a concrete representation with an embedded story or scenario that shows action
at a very high level (Carroll, 1995; Erickson, 1995). The prototype could be a videotape or a partially
interactive product demonstration, where Brmmounts of interactivity, animation, or soundtrack can be
added (Carroll). Users may feel hesitant about criticizing a fully functional prototype since they may
believe the system is completely finished and that the feedback they provide will notthaatbeach.
Therefore, a conceptual prototype has an advantage in that users can interatevgthabnducting pre
determined tasks and feel more comfortable giving feedback or criticizing the design of the (preliminary)
prototype (Lazar etl., 2009) Thereforefo provide a good conceptual prototype, the mockups used in
Study 2 were prototyped to be sufficiently convincing so that end users would believe it was a realistic
depiction of the end produce. Care was taken, however, to clarify to usemhHt was being shown

was a product concept, and not the product itself (Lazar, 0819.

4.2.4  Interfacemockups for Study 2
Mixed fidelity mockups used in experiment

Rather than focusing on technical development and interaction démgrptotype deslopment for
comparison with the baseline interface in Study 2 was mainly concerned with presentation of the
underlying information, rather than the information itself or the interaction technifjues,. mockups

were developed with the purpose of commatiitg and demonstrating the essence of the representation
of the design, evaluating how it supported situation awareness in the context of mebitaBiBd urban

exploratory navigation.

As a first step, with the application of the specific extracted nesgrirements with the corresponding
claims analysis, two interfaces were developed. In developingRhatArface, user requiremerficable

12), No. 13, 26, and 34 were apgievhich are listedelow.Claims analysis is idppendix S.

Userrequirement lg. 13statesin For expl orati on and navigation, us

i nformation on mobile AR viewer to minimize the

User requirement &l 26statesi For ex p !l or at o rdirectederplomtiomsers shalld g o a |

have an option to perceive an overview on a mobile AR viewer

User requirement 8l 34statesi For ex pl or at o r-dyrectederplomtiom gserashall g o a |

be supported with a view by which users can browse information semantically in a categoricaél way



In developing the Mp interface, user requiremerfi&able12) No. 20, 27, and 29 were apmievhich are

listedbelow.Claims analysis is id\ppendix S.

Userrequirement . 20 statesi For expl orati on and navigation, us
interface to quickly check onebds current |l ocatic
locai on/ ori entation, if applicable. 0

User requirement &l 27statesfi F exploratory browsing and gedirected exploration, users shall
have a way to know the amount of POls sharing one or more attribmese r query in onebo

User requirement &l 29 statesi For ex pl or at o rdirectedegplomtiomsgrs shalld g o a |
be able to have a way to know the spatial relationships of the POls sharimgmoee attributes

under query.o

Following the prototype categories proposed by McCurdy and cowdiefBurdy, Connors, Pyrzak,
Kanefsky, & Vera, 2006 mixedfidelity prototypes were created, combining aspects of both low and
high fidelity prototypes. In this sense, thegdee of visual and aesthetic refinement was relatively high,
while the interactivity remained low to medium. It offered constrained interactivity (low to medium
richness), and allowed users to get some sense of flow on the evaluated aspect. It ist topatabhat
extra care was taken when analyzing dlata from the evaluation stydyecause it might tend to elicit
more commentary on visual attribu{gsnday & Myers, 2001

As mentioned préwusly, there were two inevitable challenges associated with using the proposed SA
supported interfaces at this stage. First, the evaluated prototype at the initial phase of designwas a low
fidelity mockup in terms of interaction (i.e., with restricteteiaction). Second, for experiments

conducted in the HCI domain, researchers typically redesign an interface by changing the layout of its
information presentation, or by adding a new feature with existing information to make sure-all task
related questionare answerable using all conditions. Doing so can ensure that one interface is not
naturally favored over the other. However, due to the fact that situation awareness is enabled primarily by
taskoriented information extracted from the environment, éigoiof SA requirements generated in

Study 1 contained SAupported features associated with incorporating SA information into the mobile
AR guidance interface. At this stage, this type of informatedated SAsupported features cannot be

easily assessed a quantitative comparison experiment (as opposed to an experiential, qualitative

assessment) simply because there are no equivalents in the baseline interface with which to compare.
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Therefore, by following the design methods and design principles/guidelines described above, two
interfaces (1 AR interface and 1 interlinked Map interface) were constructed using Photoshop, and were

subsequently employed in Study 2 (#¢@pendix K).

Concept design interfaces

Following a similar methodijve selected design concepts wgeneratedincluding(CD) 1: an image

recognition feature, (CD) 2: dynamic pedestrian flow (assboce d wi t h | ocal events),
ldenti fyo / varying types of search within-the mo
time information of a POI regarding its dynamic and interactive aspects, and (CD) 5: trend that reveals or

confirms information to establish a trend of experienthasir screenshots are provideddppendix R.

4.3  Study 2: Theory Extension and Validation (Interface Evalation)

4.3.1 Test of Hypotheses: Overview

RQ3: What are the differences between the proposed situation awsseppsstedMOBILE AR

guidance interface and a currently available inte
t he us er asbilpaurbam expleralory navigation?

To answer Research Question 3, the following two hypotheses were tested in Study 2:

Hypothesis 1. There is a difference between the proposesliggortedMOBILE AR guidance

interface and a currently availablé ie r f ace wi th respect to a userods

Hypothesis 2. There is a difference between the proposesliggortedMOBILE AR guidance

interface and a currently available interface wi

Correspondingly, fothe two sets of interfaces (AR interface and Map interface), additional specific

hypotheses were developed:
4.3.2 Hypothesis 1. Effect of SAupported Desigmterface on SA

4.3.2.1 AR Interface

Primary research hypothesis (main effekl): There is a difference beeen the two AR interfaces on

task query completion time.

Secondary research hypothesis (interaction effei&)There is a difference between the two AR

Interfaces on task query completion time dependent on the nunants of Interes(POIs).
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Analysis of variance showed a significant (F = 111.74, p <.0001*) interaction effect between interface
and number of POls on task query completion time. The interaction effect indicated that there was a
combined effect of interface and number of POls sk taiery completion timd-{gure25). Posthoc

anal yses using Tu kfathénmberSTPOIs eqdaiedSha7t 12 sk qubra t
completion time was shiter on SAsupported interface (S) than on baseline interfaceg®pP001*)

(indicated inFigure25).

|
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3

5 7 12
Number of Points of Interests (POIs)

Figure25. Means of task query time by Interface and the NumbPoofts of Interesbn AR interface
(Error bars show standard deviatiérp <0.000)

In addition to producing a statistically significant difference on number of POls and interface (without
considering interaction), practical significance was examined by calculating the effect size. By looking at
effect size, indicated by Eta Squared (76)48 showed that in addition to statistically significant
differences, the number of POIs and integfas two independent variables also showed a practical

significance on task query completion time.

As shown inFigure?25, the results suggested that the effect ddriisice on task query completion time
was greater for a larger number of POls than for a smaller number of POls. These findings also indicated
that the advantage of the effect of interface on task query completion time increased when the number of

POls inceased.

H3: There is a difference between the two AR interfaces on response accuracy.
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The response accuracy rate for baseline AR interface (B) arsiig#orted AR interface (S) is plotted in
Figure26to better understand the data. The results indicated that the overall modildfiovas a

whole) was statistically significant (LR. = 22.65,p =.0020). The Effect Likelihood Ratio showed that

the interface variable did not contribute significantly to the model fit. No significant interaction effect
between interface and number of POls was found. Similarly, no significant difference with redpect t

effect of interface on response accuracy was determined. Thus, because the effect of the interface variable
did not appear to be significant, it was removed from the model. In contrast, the results showed that the

number of POls variable did have effiect on AR accuracy (LR. =12.67,p=.0054).
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0.40 - L m SA-supported Interface
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0.00 . . .

3 5 7 12

Number of Points of Interest

Baseline Interface

Accuracy Rate (%)

Figure26. Response accuracy rate on AR interface (Error bars show standard deviations)
4.3.2.2 Map Interface

H4: There is a difference between the two Map Interfaces on task querletompme.

Mean of task query completion time on baseline Map interface (B) was 20.50 seg8Drd$1(.93),

while on SAsupported Map interface (S) was 10.07 seco8@s=(11.70). A Wilcoxon Signed ranks test
indicated that situation awareness, as regresl by task query completion time according to condition,
was higher on SAupported interface condition (dn = 20.88) than on baseline interface (Bidh=
9.81), Z = 7.05p<.0001*.

H5: There is a difference between the two Map Interfaces on res@meuracy.
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Mean of response accuracy rating on baseline Map interface (B) was 7&R290 (45) with 95% CI
[0.64,0.79], while on SAupported Map interface (S) was 89.58bE 0.31) with 95% CI [0.83,0.94].
The results suggested a significant (o =14.046,p <.0002) difference in situation awareness on Map
interface, as represented by response accuracy data, with-thepdérted interface condition (S)

enabling more accuracy than the baseline interface condition (B).
4.3.3 Hypothesis 2. Effect of SAuported Designriterface on Usability

4.3.3.1 AR Interface
H6: There is a difference between the two AR Interfaces on the SUS score.

A Wilcoxon Signed Ranks test indicated that usability, as represented by SUS scores according to
condition, was higher o8A-supported interface condition (3)idn= 90.00) than on baseline interface
(B) (Mdn=67.50), Z = 4.44p<.0001*. The means and standard deviations of SUS scores for AR
interfaces are presentedTiable16.

H7: There is a difference between the two AR Interfaces on ASQ rating.

A Wilcoxon Signed Ranks test indicated that usability, as represented by ASQ ratings according to
condition, was higher on Sséuppored interface condition (SMdn = 6.83) than on baseline interface

(B) (Mdn=5.50), Z = 4.56p<.0001*. The means and standard deviations for AR interfaces are presented
in Tablel7.
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Tablel6. Group Means of SUS Scores on AR and Map Interfaces

SUS N AR F p-value Map F p-value
Mean SD Mean SD

Baseline 32 | 65.32 17.93 68.95 15.05

interface (B)

SA-supported | 32 | 88.64 7.85 34.06 <.0001* 81.38 13.43 15.75 .0004*

interface (S)

*p<.05

Tablel7. Group Means of ASQ Ratings on AR and Map Interfaces

ASQ N AR F p-value Map F p-value
Mean SD Mean SD

Baseline 32 4.83 1.37 4.57 1.40

interface (B)

SA-supported | 32 6.45 0.69 32.51 <.0001* 5.89 122 16.40 .0003*

interface (S)

*p<.05

4.3.3.2 Map Interface

H8: There is a difference between the two Map interfaces on SUS score.
A Wilcoxon Signed Ranks test indicated that usability, as represented by SUSascoreéng to

condition, was higher on Ssupported interface condition (3)idn= 82.50) than on baseline interface
(B) (Mdn=70.00), Z = 3.42p<.0001*. The means and standard deviations of SUS scores for Map

interfaces are presentedTiable16.
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H9: There is a difference between the two Map interfaces on ASQ rating.

A Wilcoxon Signed Ranks test indicated that usability, as represented by ASQ ratings adoording

condition, was higher on Sgupported interface condition (3)Idn= 6.67) than on baseline interface
(B) (Mdn=4.67), Z = 3.72p<.0001*. The means and standard deviations for Map interfaces are

presented iTablel7.

4.3.4 Correlation

Correlation between 2 usability questionnaires

Correlation between SUS vs. ASQ on AR interface

A Speamwmandsal cul ated for interface ARdNg

SUS

positive relationship between SUS score and ASQ rat#@.74,p<.0001%), indicating that an interface
receiving a high SUS score also tended to receive a high ASQ (Ritdnuge27).

Correlation between SUS vs. ASQ on Map interface

A Speamwmandcsal cul ated for interface MapoOs

SUS

positive relationship between SUS score A&f) rating {+0.68,p<.0001%*), indicating that an interface
receiving a high SUS score also tended to receive a high ASQ (Rignuge28).

AR Interface SUS Score (Points)
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Figure27. Correlation between AR interface ASQ rating with SUS score
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Figure28. Correlation between Map interface ASQ rating with SUS score

Correlation between usability and SA represented by task query completion time

Correlation between SUS and Task query completion Time on AR interface

A Speamwmandsal cul ated for interface AROGs task quer
a moderate inverse relationship between task query completion time and SU s (p=.0002%).

This finding indicates that participants with high task query completion times tended to show lower

usability scoregFigure29).

Correlation between SUS vs. Task query completion Time on Map interface

A Speamman bdsal cul ated for interface mapds task que
a weak to modate inverse relationship between task query completion time and SUSiscOrd(
p=.0010%). This finding indicates that participants with high task query completion times tended to show

lower usability scorefFigure30).
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4.3.5 Qualitative Results
This study also includes qualitative findings, which are represented in the stated preferences and feedback
that users provided regarding the AR-Sdpported interface, AR baseline interface, Maps8pported
interface, and Map baseline interface. These qualitative resufisoarded inTable18throughTable
21
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Tablel8. Advantages and disadvantages ofstdyported AR interface

Advantage/ Fr.
Disadvantage

SA-supported AR
Interface

User Comment/Quote (*Note)

+ 20  Sorted information "It is super easy to know that which one is closest to me, an
presentatiorfsorted by ~ how to sort through distances". "It's easy to rule out things jt
distance; could sorted bY by knowing the shorter things are first." "More direct and
multiple options) straightforvard, if I'm looking for restaurants nearby" "l just

want to look for something within 10 minutes. | just open it u
and scroll instead of opening up all bubbles."

+ 19  Organized information  "Have all the information together in front of me"; "More
practical” "More easy to use", "It's a good way to communici
all the information™” "You don't have to click for everything ya
doit."

+ 14  Detailed information "If you're not looking for garticular place, this one is so muc
easier, because you have all the information in front of you
immediately.

- 11 No direction "For the list, you don't necessarily need to see thetibrg if
communicated [or the  you see the distance, you get a general idea of where's in tr
direction indicator was  radius. | don't think direction matters that much"
not evident to users]

- 8 A | ack of a Onclusterview, | can see where things are quickly; wherea:
Vi ewo the list view, | cannot see thatiickly. | have to scroll to see."

- 7 No economical use of "I could be looking at a restaurant right in front of me, but |
screen real estate may not know it immediately, because | see this big black b«

to choose information."

- 7 Unclearperspective AThe perspective radar does
radar how far things are away and

"When you get towards the edges, you can't really tell how f
away things are" [This might be changed when theraction:
hold upright or flat to switch between views]
Suggested AThe arrow direction indica
changes: because it's crowded with @

be smaller. All the text fonts are appropriate.” "Eaenera can
be held vertically, so you would see more information.”

Total preference: 19

Conditional 7
preference:

If there are many POls;

Preferred only when searching information;




Tablel19. Advantages andisadvantages of baseline AR interface

Advantage/ Fr. BaselineAR Interface User Comment/Quote (*Note)
Disadvantage
+ 14  Direction clear "You have a general idea of which direction it is, instead of
having a little arrow."
"| like this in general withreality, the general direction the
restaurant is in."

+ 9 AOverall wvi "You can still see everythi

me. 0 Altds intuitive.o

+ 7 Distance clear Alt has the distance ver yo ¢

me . O

+ 5 Visually-interesting "| like the bubbles, it's visually interesting."
presentation

+ 5 Conditional preference  "When there're fewer bubbles, it's easy to use. If there're mc

it's messy."

- 18  Againstthe principleof @Al tinlesk onsumi ng. 06 "You have t
motion economy every information.” "There're multiple clicks to get more

information." "It's wasting a lot of motion."

- 15  Disconnected spatial "It's confusing the way it's laid out." "It takes a lot of space,
relationship between because it's spread out . "
physical objects and "It's lower, | think it's closer. It's higher, | think it's farther awe
realized objects But it didnét work out that

helped make sense of how close things are."

- 8 Not easy to compare "l always forgot which one is which after | clicked on several

"It's a lot harder to compare."

- 8 Incapable to sort Al candét sort information. @

too much information to process."

- 5 Unstable interface Ailt could be really sensiti

ruling something out that | don't really want to rule out."
"(When the camera moves) if things keep in and out, that cc
be confusing.

- 3 Disconnected between "I didn't see the connection between the way that they are Ie
realized objects in AR out on the screen and they're on the map [radar]."
viewer and on the radar

Total preference: 10
Conditional 4 When there are a few POls;
preference:

When time permits;
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Table20. Advantages and disadvantages ofstfyported Map interface

Advantage/ Fr. SA-supported Map User Comment/Quote (*Note)
Disadvantage Interface
+ 32  Good for spatial Altoés ood to estimate the
estimation are. o "It helps me know hov
gives me a very easy idea of what the distance will be betwe
each place, | don't worry about exact time it takes."

+ 16  Good for comparison "It's a lot easier to compare." "It gives you an overall view of
how long is going to take to walk to somewhere, so you can
automatically rule things out.” "When I'm walking around DC
it's really hard to know how far something is on the map.

+ 11  Goodfor directional "I really like how it blacks out the ones that you're not facing

reference and highlights certain ones that you are." "It knows and shoy
you which direction you're facing.” "When it doesn't show thi
direction you're facing, | often turm@und and I've no idea
which | should go to find the restaurant."

+ 7 Good for locational "A quick and dirty reference point of where you are, compari

reference to the restaurants”

+ 4 Good for viewing a "l like | can click on some of the rings and just show restaur:

collection of POls within a certain distance." "Good for knowing the number of

(compared to single POI restaurants within a certain distance from where you are"

+/- N/A  Mixed feedback on "Accuracy would be beneficial, &8ng as it doesn't get too out

accuracy* of control. For example, when it doesn't have concentric ring
like 2 different rings, it gives it away." (*Most people don't ce
too much about 17 minutes or 20 minutes. An approximate
distance would work for them.dBne canmenedthat the
representation dhe exact, accurate distance, might not be
aesthetically pleasing. But some brought up the accuracy as
issue and commented on the surrounding factors might be ¢
factor that might impact their decision. Thereby, futsttedies
would be needed if want to decide on the accuracy factor.)

- 3 Learning curve Al't might take them a |itt/]

Suggested (*It should have the scale of the time or the distance to switc
changes: user's will (time: subjective, but quickly made sense; distanc

objective but for some people difficult to interpret))

(*It could change the dots to signage that can represent a c¢
characteristics of the POI, ratings, dollar signs, etc.)

(*Rings should be on/off at will)

Total preference: 32

15¢



Table21l. Advantages and disadvantages of Baseline Map interface

Advantage/ Fr. BaselineMap Interface User Comment/Quote (*Note)
Disadvantage

- 21  Againstthe principleof il have to click through al
motion economy
- 9 Increased mental Al have to remember all the
workload
Suggested (It could changéehe dots to signage that can represent a cert
changes: characteristics of the POI, ratings, dollar signs, etc.)

(Rings should be on/off at will)

(If clicking on the 2@minute ring, it could show everything
within 20 minutes, instead of clicking twice.)

Total preference: 0

4.3.6 Concept Evaluation

Five design concepts were individually evaluated, including (CD) 1: an image recognition feature, (CD)

2: dynamic pedestrian flow (assddieamted ywi  hviao yaln
search within the mobile AR viewer, (CD) 4: Visualized information/ thetieed information of a POI

regarding its dynamic and interactive aspects, and (CD) 5: trend that reveals or confirms information to

establish a trendf experiences. Results were presentebaible22 throughTable26.

16C



Table22. ConcepDesign (CD) 1: an image recognition feature

Conceptual Advantage/ Fr. User Comment/Quote (*Note)
Design Disadvantage

Browsing + 16  "That would be very, very useful for exploring, but
not having a goatask."

Registration + 26  "The device can extraatformation for me about the
environment." (*Especially good for information
centric places e.g., museums.)

Path indicator + 29  "The path is very useful. If | look at a normal map,
often get confused with, especially the very crowd
place, very densegity setting. | can't tell which stree!
is which, like the signage may be far away." "l wot
use the street all the time, because it's really hard
find street signs.”

Attribute + 23 "That's a cool building, | would wonder what's

information inside." ¢Integrated with the place into)

Multiple layers + 21  "If you've seen a bus going by you, and you want 1
take the next one. You can see when the next one
coming." (*Layers can be preetup.)

Uncertain use - 3 "l could just walk around instead béaving it tell me

what everything is, because | can just walk next to
and figure it out.” "But maybe when you have it, yc
will use it."

Suggested
solutions:

(*Should be transparent, should not affect your
perception.)
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Table23. Concept Design (CD) 2: dynamic pedestrian flow (associated with local events)

Conceptual Advantage/ Fr. User Comment/Quote (*Note)
Design Disadvantage
Traffic + 15 Al can see it myself f.

but if | can see how many people in another
attraction, because | could not go if there is a ton ¢
people. o Al want to avi
very helpful if I'm doing something in a hurry."

A @ly when the crowd/traffic is so bad, got to find

di fferent route. 0

Alt would be helpful t
where should | go. o0

(*Most people wouldn't mind walking in crowds if it
does not associate with an event. Some claimed tl
may havigataway the traffic, some may choose th
crowd path to go, because they don't want to go tc
the alleyway that looks a little bit abandoned.")

Time estimation + 9 (*Can have more accurate estimated time
considering pedestrian flow.)

Limited usage - (*Most people found this feature with limited use
cases.)
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Table2d. Concept Desi

gn

(CDh) 3: ASearch &

viewer

Conceptual
Design

Advantage/ Fr.
Disadvantage

User Comment/Quote(*Note)

Perception aid + 28

"I'm not being able to see with my naked eye, upo
first glance, which my phone can pick up the data
around for me, | think it's convenient.”

"It would be very useful, if there were a specific
target in mind."

"Especially in acrowded place like this, with so
many things tightly packed together. | may miss a
store, because they might not have a signage, or |
may just completely miss it."

Economical + 7
motion

"Without me having to physically walk to every
point to findinformation about it, whereas | would
give me where I'm standing all information | need.’

Table25. Concept Design (CD) 4: Visualized information/ the #téak information of a POI regarding
its dynamic and interactive aspects

Conceptual
Design

Advantage/ Fr.
Disadvantage

User Comment/Quote (*Note)

Reattime view + 25

"If it's absolutely packed, | usually wouldn't want tc
go." "l would rather go to somewhere that doesn't
have a huge line, not waste my time, standing in li
hold on." "l don't want to spend 45 minutes in line.
"That'll be super helpful, that'll be helpffor the
dining hall here."

(*Not useful for static information, e.g., what a sho
sells.)

Multimedia + 19
fistatico

information

(*Show uniqueness of a POI, gourmet food store,
gift shop, etc.)

"l want to know what it looks like before | go"

(*Good forenvironmentrelated information, like to
integrate a video clip about the inside view. Acces
specific POI attributes that cannot be easily descri
textually.)

(*Customerds privacy ci
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Table26. Concept Design (CO: trend that reveals or confirms information to establish a trend of
experiences

Conceptual Advantage/ Fr. User Comment/Quote (*Note)
Design Disadvantage
Aggregated + 17  "This saves time."
review

"Don't have to go through all the reviews."

(*As long asthere is a lot of them 2; and someone
still scroll down to browse quickly through the first
or two power "user "individual reviews to see if it's
justified, in their own individual voices.)

(*Reviews on some specific items, not only providi
general statment, may help.)

Trend figure - 21 AThe number of custome]
me anything. o

(*Ratings represent a general performance of the
restaurant; a general rating idea is sufficient; unles
there is a huge drop;)

"If they don't have the same or similar size of
reviewers, that distribution may not matter to me."
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CHAPTER 5 DISCUSSION AND CONCLUSION
5.1 Overview

This chapter will discuss the results of two sequential studies desigmegstigate the following areas

of inquiry: the SA development process, SA user requirements, a process for examining and validating

the effectsof SAsupported interface design on usero6s SA an
for evaluating aonceptuallydesigned SAsupported interface. Specifically, the research utilized two

successive studies to explore the following three research questions:

1. RQ1: What process do users employ to develop situation awareness in the context of mebile AR
enalked urban exploratory navigation?

2. RQ2: What are the specific user situation awareness requirements in the context of mebile AR
enabled urban exploratory navigation?

3. RQ3: What are the differences between the proposed situation awsseppssedVOBILE AR
guidance interface and a currently availabl e i
and b) the usero6és perceived wusability in urban

The first study, which was designed to answer RQ1 and RQ2, looked at situation awaremgssan t

the processes that an individual employs and the essential requirements needed to develop SA in the
context of mobile ARenabled urban exploratory navigation. From the findings obtained during Study 1,
SA-supported design implications for a mobR guidance application were developed in order to
evaluate the applications of an extended prototypical SA theoretical cognitive model. Sobgetine
second study proposedsystematic, twgart method for validating findings, which involved two
applcations of the transformed Sgupported interface design, and evaluating five conceptual design
concepts obtained from Study 1. Results of Study 1 are provided in SectionSettion 4.1.4, and

results of Study 2 are provided in Section 4-:5Skction 4.3.6.

5.2 RQ1: The SAprocess in Mobile AR versus SA processes described in prior research.

RQ1: what process do users employ to develop situation awareness in the context of mobile AR

enabled urban exploratory navigation?

As can be seen in this prelimary cognitive modelKigure14), stimuli consisting of both environmental
and digital cues are taken in and then processed in the sensory store, which progoesgeperceptual

processes, comprehension, and projection processes. The sequence results in decision and response
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selection, and finally response execution. Accordingly, three issues are central to research on situation

awareness: 1) the perceptual msg, 2) comprehension (pattern recognition), and 3) projection.

Perception

Level 1 (L1) situation awareness refers to information that is perceived by an individual; in other words,

L1 comprises oneds perception @vVelevell SAfonenhgste nvi r on
perceive the status, attributes and dynamics of relevant elements in the environment (Endsley, 2000).
Perception, the first stage in the sensory store, involves associating sensory stimuli with meaning. It is the
process througtvhich environmental objects (environmental cues) and realized oljéaldé AR

cues), as well as other formats involving digital objects on a screen, are given meaning. As described in

prior research, one of the connections between a realized objihet screen and an environmental

object in the environment is its spatial relationship. An important component for determining a spatial
relationship isattention According to Endsley (1995), howevar, per sonés ability to p
sensory sthuli in the perception process presents certain inherent limitatidresmain one is being able

to accurately perceive multiple items in parallel. This represents a major hurdle in achieving SA.

As observed in Study 1, a user in the mobile AR contexalilyifocused attention on the exploration

task, while at the same time having to deal with many possible distractions and perception competition
including competing tasks and noglevant events (e.g., avoiding pedestrians and minding curbs). Thus,
focusal attention (mostly in the visual channel) was applied to an exploration task on the mobile screen or
a source of environmental information. In most observed cases, the user employing the current version of
a handheld mobile AR guidance application stopphiie browsing on the phone, focusing attention on

either the mobile screen or a source of environmental information. In instances when a user is walking

and checking the mobile AR application at the same timkshealternates between the two tasks

(walkki ng and checking the mobile AR application). TI
turning oneb6s att en t(Wickens & NMcCGarley,02607F whictafar khis stully anot her
required users to visually scan from the mobile AR screen to environmental factors. In addition, because
human memory isnperfect, users tended to switch attention between the physical environment and

information on the mobile AR screen multiple times when engaged in a single task.

Nearby objects

In general, the human brain cannot efficiently process all the information delivered through a mobile AR
viewfinde® which proved to be the case for this study. For nearby objects, users assumed they would

have no problem seeing objects in front of thgesein the physical environment. However, observations
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from this study confirmed that users typically ex
information about the physical environmental viewed through the viewfinder. The principal reason fo

this deficit is that realized objects and environmental distant objects cannot be exactly overlapped on the
viewfinder due to natural constraints in connecting the two. Inattentional blindness is a phenomenon

wherein an unexpected objéctegardlessofh® pr omi nent it might be in one
surroundingd is overlooked due to an overload of sensory stimuli or because the individual is otherwise
engaged. For example, in this study some participants were struggling to find a restaurant or shop on the
mobile AR viewfinder, and as a result failed to observe the physical restaurant directly in front of them.

It should be noted that with the mobile AR platform used in Study 1, the mobile AR viewfinder could

only show objects in one type of display (thestér view); it could not accurately register nearby

environmental objects. Nonetheless, there were no cues to assist users, and they were not expecting to see
the objects in their immediate surroundings a result, users tended to misperceive nearlgctshin

their immediate surroundisgeven when they might have been directly in front of them.

In summary, the findingd={gure14the preliminary cognitive modethowed that with the current

handheld mobile AR platform, users could succeed at multitasking only by switching between tasks.
However, if a mobile AR application were able to accurately register and represent nearby objects by
actually processing them parallel (i.e., simultaneously achieving an exact overlap (i.e., display with
conformal imagery) between the realized object and the environmental object), the user may succeed at
multitasking (e.g., checking the application while walkimgeeing the enronment objects and the

virtual representation) and there was redundancy(§dickens, 1999 In such asenario, the use would

be better able to successfully divide his or her attention between different stimuli, which is discussed in

the following paragraph.

This parall el processing scenari o i nvoltvieosnd wo | e
means that an individual is successfully perceiving and understanding information from a mobile AR

guidance application, while at the same time looking through the mobile environment background. At the
perceptual level, successful divided attentiayrimvolve the parallel processing of two aspects of a
stimulus(Wickens & McCarley, 2004i.e., the overlapping image of the realized object and the

environmental object). A quick glance at a widkigned mobile AR viewfinder for accurately registered
nearby objects may r eveal drtaneattrbuds (eg., neroeoacatéegoryn , di r
of POIsP all understood within the single perceptual experience (all at the same time). However, the

findings from this research on current handheld AR platforms suggested that users tended to be slowed

down (up to3 minutes in the observation) by switching their attention back and force on realized objects
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on the screen and environmental objects in the physical surrounding environment. In addition, the
literature suggests that divided attention is usually falssar & purely serial allocation of selective
attention(Wickens & McCarley, 200, which has implications for designers of mobile AR devices.
Therefore, for exploring tasks conducted in the mobile AR context, an accurate registration of nearby
environmental objects may facilitate perception and should be encouragequick processing in the
mobile context. This conclusion may also be extended to similar discussions on wearable mobile AR
devices.

Distant objects

Realizing distant environmental objects (i.e., objects viewed not in the same stereo depth plane) that are
not easily registered accurately (in a spatial sense) on a mobile AR viewfinder may present some inherent
limitations in representing a 3D physicaiv&onment onto a smaticaled 2D mobile AR viewer (limited

screen real estate).

To facilitate good SA, a system should help people direct their limited attention in efficient ways to the
most taskrelevant andmportant informatiorio gain sufficient awenesgEndsley, 2000 The mobile

AR used in this study failed to provide an accurate spatial relationship between environmental objects and
realized objects on the scréemxcept for its ability to indicatgeneral direction. In terms of actual study
outcomes, the user often felt confused and misperceived the clustered view, where one cluster expands to
an array of multiple individual items when tapped, while the other clusters remain. Moreover, users often
felt the view did not convey important tasldevant information to theénexcept for a directional

indicator, which was somewhat redundant given that they were facing in that direction at the time
Elements

In terms of elements of awareness, Endsley (20§83l several essential elements of awareness needed

for a crew: (a) current state of the system (including all the relevant variables); (b) information and

knowl edge required in support of the edlstafbs curre
current goal (s); (e) predicted state in the fAnear
support anticipated finear 0 f utaugmentecrealitgnabbed usban I n

exploratory navigation, elements afvareness consist of both environmental elements and digital
elements, which can also be categorized as elements that require high attention allocation and ones that
require low attention allocation, respectively. The elements that require high attéiotatian can be

further categorized into a single element or a collection of elements with resgest compositionlt

must be noted, however, that not all of these elements aaalbe=don the egocentric view (the mobile
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AR viewfinder); thusmolle AR guidanceapplication is a system that could and should be integrated
with other embedded views (e.g., maps, Wamkdliniature (WIM), Web browser, etc.) (Pyssysalo et al.,
2000; Wagner & Schmalstieg, 2003; Schmeil & Broll, 2004d|, Btollerer, & Faner, 2002).

Based on study findings, elements that required high attention allocation weoingdl of Interest(i.e.,

single locatiorbased elements such as buildings, events/activities, restaurants, shops, landmarks, etc.).
Moreover, these singledationbased elements were comprised of four components: a spatial component
(i.e. location and direction of a PQI), a temporal component (i.e. dynamasabciated aspects of a POI
and spatiatemporal information changes based on motion/navigationjlesutity component (i.e.
staticallyassociated aspects of a POl and dynami@aBociated aspects of a POI), and a social
component (i.e. social integration and collaboration). In contrast, elements that required low attention
allocation included the #ironmental atmosphere, as well as pedestrians in the surrounding area who
were moving about on the street and seen in the background of the mobile AR viewfinder. It could be
related to peripheral vision, which has a low spatial resolution and is gdetkating motion, or that

humans are simply very adept at processing visuabcpgacipally because our eyes move rapidly and
constantly (about three times per second) focusing our fovea on selected pieces of our environment
(Clark, 1998. The selected pieces of environmental information in this instance are theradotvened
taskrelevant information. Conversely, elemetitat are less importaiti.e., less relevant to the task at

hand are less well attended

Comprehension

Once perceived by the senses, information needs to be combined and interpreted in working memory.
Level 2 SA relates to comprehension of the curretdistavhich is achieved through the integration and
synthesis of the information achieved in L1 SA. In this stadyeral suiprocesses of the

comprehension phase were identified with respect to a single element and a collection ofthasaitbn
elements These include acquiring an overview, acquiring patterns, quantifying/estimating amounts,
acquiring relations and comparisons on statieafigociated aspects and dynamicabgociated aspects

of POlIs, discovering order (e.g., ranking), and interpratif@rmation on the connection between real

and virtual information. In these sybocesses, users go beyond simply being aware of the elements that
are present in their environment, to an understanding of the meaning of those elements in light of their
current goal(s). As described by Endsley (2000jetch comprehension, the individual must possess an
understanding of what each element means in relation to his or her situation aédngostly in the

working memory system, which goes beyond perceisimgple information that is presented in a given

situationFor exampl e, Level 2 sitwuation awareness woul
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el ementds position or a collection of elements re
processing of display information to convert the absolute position of an element (or elements) to an
understanding of its relative position to the user himself. Such an understanding of the relative position

of each element to the user relates to goals arttgs of searching, for example, restaurants within 20

minuteswalking distance.

While attention directs the acquisition of information essential for Level 1 SA, in the process of Level 2
situation awareness it is lotgrm memory knowledge, which isosed in the form of a mental model or
schemata, that directs attention to support Level [V8ikens, 2008 For example, if someone already

has some knowledge of a particular landmark or a historic seefshewill pull from long-term memory

to recognize or recall the relevant information aboutplate when visiting another similar location.
Knowledge of structures (e.g., expectancies) aids understanding and comprehension of thedowa top
processes. I n this process, a userodos attention (d
environmental and digital cues, which are based on task goals and past experience in the form of mental
models or schemata. In Level 2 SA, the user integrates pieces of information, as well as prioritizes the
perceived information and meaning as it relategotals and objectives. In addition, findings from this

study also confirmed that major constraint of SA is limited working memory, or working memory losses
(Jones & Endsley, 1996Sometimes, users were not able to remember where information was initially

perceived when turning the mobile AR viewfinder to different directions orrmétion acquisition.

Projection

As the third component of the situation awareness, the user projects the likely future status of a given

situation (i.e., exploratory navigation), which involves predicting the anticipated state of individual

elements whin the current environment. If an individual can anticipate and envision the future status or

actions of elements in the environmédr/shewill be more likely to predict what might happen next. As

Endsl ey (1995) noted, t heansngdfthat infordation in @rcirdegrptede hendi n
form, comparing it with userds goal, and providin
valuabl e for decision maki n-gnablef grbalexkploratory hamigatioh,e ¢ o n
toxchieve L3 SA, projection typically relies on a u
similar places/activities), regiime information (e.g., redlme view of a queue situation), and perceived

patterns (e.g., spatial patterns of POlsatternative paths).

Decision and Response Selection
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Decisionmaking (e.g., where to go, what to do next) and action execution (e.g., physically navigating to
the place of interest) are downstream from SA. This study confirmed that deueskimy can beiewed

as a downstream human information process of situati@reness formation, which was originally
proposed i n Endg4qHndslkyesal., 209FErfdsley, 18O5bendsley & Garland, 2000
However, other influencing factors might impact decisiwaking on exploratory navigation decisions,

suchas the occurrence of an unexpected incident (e.g., getting a phone call from a friend).

5.3 RQ2: SA User Requirements

RQ2: What are the specific user situation awareness requiremenésdontext of mobile AR
enabled urban exploratory navigation?

Theuser sd SA imtermsuof speeiatized use in mobMR enabled urban exploratory

navigation tasks were geaiaged and are listed ifable12. This table wasrmganized and categorized

based on the process that users employed to develop SA: perception (subcategories, including searching,
locating, orienting, recognizing/identifying, noticing), comprehension (acquiring overview, acquiring
patterns, quantifying/dghating amounts, acquiring relations and comparisons), and projection (projecting

based on past experiences and projecting based etimmeahformation).

The components of SAidentified and categorized as Spatial (Sp), Temporal (T), Attributes (A)alSoci
(So)p are shown in the Components column of this table. For these interface support requirements, the
components of SA were not identifiable; therefore, the components column is not applicable. These
requirements were then translated into twessiaportel interfaces (interface design/devateent can be
found in Section 42 Additional discussion about specific SA user requirements, together with results

from Study 2, is pvided in Discussion Section 5.4.4

SA Components

It should be stressed that tteope of this research was not designed to provide a complete profile of what
each component should include in terms of design implications, but rather to identify and exemplify
aspects of SA in the context of mobile ARabled urban exploratory navigatiémurther studies are

needed to complete the profile of each component for more detailed information. To reiterate, situation

awareness in the context of urban exploratory navigation is associated with the following components:

Spatial component
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The spatial component helps mobile users to be aware of and understand places in the surrounding
environment. This SA component involves being cognizant of spatial boundaries, location, direction,

distance to places, and a general awareness of moving abjecand per sons (including
surroundings. The concept of spatial boundari es
zones of interest, which simply means that SA elements closer to the individual may be more important

than elerents further away. In other words, these zones correspond to areas of immediate, intermediate,

and longterm interest of the individugM.R. Endsley, 1988 The spatial component also follows the

principle of locality, whichstates that the relevance of a context is maximal for the location of its origin,

but then decreases with increasing distance from the origin; after a specified distance from the origin the
context no longer has any relevariBeichenbacher, 200%chmidt & Gellersen, 20Q01Requirement

No. 5 n SA user requirement¥gblel2) st ates the following: fA5(a) Pri
information,upoa r equest, about POls that are directly vi:
Aiscano activity; includes an option to reveal add
request, about nearby POls that are not directly or conpigsible from the AR viewfinder; includes an

option to reveal additional information; and 5 (c) Less detailed information, upon request, about distant

POls that are visible but vague from the AR viewfinder; includes an opti@véal additional

informa i olnn. daddi ti on, requirement No. 16 -diréceed es t hat
exploration, users shall be able to have and adjust the information range at wilbbileaAR viewer 0

Similarly, Julier (2001) applied this proximity pripde in a system he called BARS (Battlefield

Augmented Reality System) to provide soldiers with situation awareness of their surroundings. BARS is

able to present the immediate environment to the user in great detail. However, when the distance

between theoldier and a given landmark increases, the system provides progressively less and less

information about that landmactRulier et al., 2001

Temporal component

The temporal component of SA corresponds to awareness about past, present, and future activities that are

i mportant to a mobile userés goals and tasks. Tem
because it helps users align their own acttores log of past activities, to current activities, and to the

anticipated future flow of activities. Both the perception of time and the temporal dynamics associated

with events play an important role in the formulation of SA (Endsley, 2000). Similizudynds from this

research suggest that the temporal component of SA consists of three aspects: 1) the dynamically

associated aspects of POls, 2) the perceived time available to oneself, and 3) the association of spatial

motion with time. Their impacts dhe user are as follows: 1) the usage of a mobile AR guidance

application, 2) on exploratory navigation decisimaking, and 3) on behavior of exploratory navigation.
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For example, a mobile user who has several hours to spend in the center of thentityamigo use a
mobile AR application to check out places around her and plan later activities when she has sufficient
time to explore the surroundings. Her decisions could be based on how much time is available for
activities, the timing of an outdoor meert, queue information, seat availability, location, tiededting

status, scheduled information update, wparerated redlme social participation and collaboration, how
long it takes to reach the place, and so on. She then adjusts the allocatenfof those activities,
determines activity schedules (e.g. visiting sequence) and identifies upcoming events of interest in the
nearby regiod or on the way to the main destination depending on, again, the dynamic aspect of the
destination and the tinevailable to her.

Identity component

The identity (attributes) componefitable13 helps mobile users to be aware of where something is, the
nature of that somethn, and what i s happening in the surround
findings, the identity component consists of attributes that are statically associated (e.g., factual

knowledge about a POI), as well as those that are dynamically associatesigielg) of a local event).

These attributes can be applied to a single element (i.e., POI) or a collection of elements (i.e., POIs).

When this concept relates to the identities of a collection of elements, recognizing patterns, sorting and

rankingcouldbé mportant in developing a userbds SA

Social component

The social component of SA plays an important role in exploratory navigation. Results of this study
showed that the social component of SA is connected with social collaborations. These social
collaborations can be further categorized into tssenmoned information and information inquiry. User
summoned information could be further divided into tgemerated digital information and user

generated physical information. An example of tggaEmerated djital information as mentioned by
participants is pedbased social network information such as tweets and Facebook postgebeseted
physical information has to do with, for example, observed crowd flow. In an increasingly digitally
connected world, dwever, these two types of information are often interwoven. With respect to seeking
information, participants tended to interact with friends, locals, or other visitors about POI information.
This finding suggests that interactions between-pased saal networks and unacquainted individuals
commonly occur in the context of urban exploratory navigation. And indeed, this finding is supported by
the literature, which indicates that (1) serendipitous social networks are sicetitric, where the

travder interacts with unacquainted individuals instantaneously, or (2)b@eed longerm social

networks provide opportunities for interactions between friends and acquaintances based on existing
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social tiegJang et al., 20)1Both of these venues provide opportunities for information gathering, such

as recommendations, opinions, factual knowledge, question fopicih include places, restaurants,

current events, and shoppifigorris et al., 201 Researchers have also indicated that mobile users like

to send live queries to locallyased individuals near a place of interestuery them about their

experiences in that regiq@aonkar et al., 2IB). Types of information people usually exchange include

the following: where people are, social events, w

pl aces, whatoés happening wo(CoundswiFidner,2008not her 6s t ho

Important to note is that there could be some crossovers among above identified components. For
example, dynamic pedestrian flow, as an example ofsisamoned information, is gerated as a

combined function of the spatial component and the social component. Approaching and moving to a
destination is a combined function of the temporal component and the spatial component. Some crossover

examples are provided ifiable27.

Table27. Crossovers among identified components

Spatial Component Temporal Component Identity Component

Temporal e.g., approaching and

moving
Component
Identity e.g., collection of POIs  e.g., queue information
spatially located
Component
Social e.g., usegenerated e.g., synchronous or  e.g., reviews and
trendy information asynchronous social  ratings
Component .
collaboration
ContextualFactors

Situational impairment factors

As reported in the literature, in a mobile context the user is not always fully engaged with the device
(Pascoeetal.,20p0 a rel ated finding is that a usBauHis cogn
et al., 200%. In this study, when users were browsing information for surrounding POIs on mobile AR

guidance application, all of them tended to stop or pause in a convenient place for at least a few minutes
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to minimize any distracting factorsiich as pedestrian traffic flow, excessive sunlight that created visual
difficulties, or disturbing traffic noise. In fact, two participants only operated the phone in a shadowed

location to avoid screen reflection/glare and to maximize the contrast wifthimation on screen. Thus,

our results confirmed that contextual factors influencing obtaining SA information using a mobile AR

device include ambient noise, distraction, body motion, and walking vibr#teore, Wobbrock, &

Smith, 2008Lin, Goldman, Price, Sears, & Jacko, 2RJther examples suggested from prior research

include divided attention, weather (e.g., rain water, cold temperatures), restrictive clothing (e.g., gloves
causing Afat fingerso), uneven terrain ¢nénedy., st a
or crowded spaces, and so fofitane et al., 2008.in et al., 2007 Nicolau, 2012 Pospischil et al., 2002

Wobbrock, 2006Yamabe & Takahash2007, Yesilada et al., 2030

Ergonomic constrainis

Reports from users indicated that during the process of browsing information on their mobile AR viewers,

they had to hold the phone up in the amgla it uncomfortably upwards, or turn it around in different

directions. These ergonomic constraints were due to the design of the camera on the opposite side of the
display. Comments from five participants on these difficulties indicated their negegiiregb toward the

devi ce. Some participants felt they were fAsomewh
because they attracted othersé6é attention in publi
simply because SA is mediateg &ccessibility to the device. In other words, if accessibility is perceived

to be difficul® thus standing in the way of task completion, the user might not be using the application as
often as they would otherwise. Similar constraints have also bearbddday other researchers

(Kurkovsky et al., 201.2Tokusho & Feiner, 2009some of whom have also suggested ergonomic
solutions: Aifreezingd the augmented view to allo
(Tokusho & Feiner, 2009adopting a multimodal solution (e.g., haptic feedback from the device without
requiring users to look at the devig¢dacob et al., 20)2or even designing a nantrusive wearable

solution (e.g., headiorn, glasses, contact lens).

5.4 RQ3: Effect of SA-supported Interface Design

5.4.1 Overview
RQ3: What are the differences between the proposed situatioaresssupported mobile AR
guidance interface andacurrerddlyv ai | abl e i nterface in terms of a)

and b) the userds perceived usability in urban e

17¢



Hypothesis 1 Effect of SAsupported Interface Desigm GA
Hypothesis 2 Effect of SAsupported interface Design on Usability

To sum up, hypotheses and results in connection with RQ#@riled inTable28. Also important to
note is that there was a moderate inverse relationship between SA (measured by task query completion
time) and usability (SUS scores) on AR interfaces, and a waakderate inverse relationship between

SA (measured by task query completion time) and usability (SUS scores) on Map interfaces.
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Table28. Results summarfrom Study 2

Construct No. Hypothesis Result
Hypothesis 1: AR interface:
Situation H1 H1: There is a difference between the two AR Interface Not Supported
Awareness ontask query completion time

H2: There is a difference between the two AR Interface

H2 Supported
dependent oRoints of Interest (POIs) ortaskquery PP

completion time

H3 H3: There is a difference between the two AR interface Not Supported
onresponse accuracy

Map interface:

H4 H4: Thereis a difference between the twéap Interfaces Supported

ontask query completion time

H5: There is a difference between the two Map Interfac

H5 Supported
onresponse accuracy

Hypothesis 2: AR interface:

Usability H6 H6: There is a difference between the two AR Interface  Supported

onSUS score

H7: There is a difference between the two AR Interface
H7 . Supported
on ASQ rating

Map interface:

H8 H8: There is a difference between the two Map interfac ~ Supported

on SUS score

H9: There is a difference between the two Map interfac
H9 , Supported
onASQrating




5.4.2 RQ3:Hypothesis I Effect of SAsupported Interface Design on SA

5.4.2.1 AR Interface

Study 2 was designed to evaluate two&#fported interfacésone AR interface and one Map interface.

One important goal of this study was to investigate the effects& 8 port ed i nterface de
SA, measured by task query completion time. Rests s ug ge st 0 dsimeasured bytasker 6 s S A
query completion tim@ was affected by interface type (SApported interface vs. baseline interface)

depending on the number of POIs presented. Specifically, the advantage of the effect of interface on

u s 8 $ADas measured by task query completion time, becomes larger when the number of POls

increases (3, 5, 7, 12). With the same number of POls fixed on AR interfaces across all levels of number

of POls, the SAsupported interface was better than the basdtiterface in terms of task query

completion time. Although an interaction effect between interface and the number of POIs was present

these findings still demonstrate the positive effectofsSAppor t ed desi gn on a user (
examined results fahe AR interfaces, there was no significant difference betweesupported

interface and baseline interface in terms of response accuracy. The number of POIs, however, did have an
effect on response accuracy. This outcome could be due to the factrtltapgnts were instructed to

focus on accuracy and had no time limits on task query complétiemossible that the participants

experienced a speexdtcuracy tradeff. This effect is suggested from a more restricted variance in

accuracy scores.

Both tested interfaces provided the same set of information (e.g., name and distance). The only difference
between the SAupported interface and the baseline interface was the information preséntat®owas

in table view (the SAupported interface), whitbe other was in cluster view (the baseline interface).

The table view interface feature was designed based on the concept -ohagdaverlap, which stemmed

from claim analysis on user requirement No.13, No. 26, and N&#kadix S).

Qualitative feedback obtained frgmarticipants Table18 andTable19in Section 4.3.psuggests that the

table view feature was good for firanked informat.
a defaulto (Fr.=tRx°09no fAoFyganl2zed amdofidnat ai |l ed i nf
(Fr =14). There were some downsides, however. Some users commented that the direction arrow
indicator was not obvious (Fr.=11). Des prithee t hat
list, you don't necessarily need to see the direction, if you see the distance, you get a general idea of
where's in the radius (in the mini radar) . |l don'

research on study alternativesésommended to further explore visual details with respect to the
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direction indicator in table view. In addition, participants also commented that there was a lack of an
foverall viewd (Fr.=8), because onhavihggoscdllpst er vi

and down on the table view.

Another point of concern among some users had to do with @esigth specifically the inefficient use of

screen real estate (Fr.®7as evidenced by the comment: "l could be looking at a restaurant righmtn

of me, but | may not know it immediately, because | see this big black box to choose information." This
statement indicates that regardless of whether the physical objects can be accurately registered as realized
objects on screen, users might jusfpr to see more s¢krough background of the physical

environment on the AR giverto keep the redime live feed sense. Another negative comment had to do

with the perspective radar, although this feature was not related to the task query in iheeexp@ne

of the users commented, AThe perspective radar do
away and the relative distance in between. o As no
preferred by participants.

Bycontrast, on the AR baseline interface, users th
foverall viewd on screen (Fr.=9), Avisually inter
the baseline interfade tihreclpudend itpH at oift mwas ofma geaio
participants had to individually c¢click on each | a
relationship between physical objects arem realize

confused about the presentation of the labels in terms of attributes of real physical objects. In addition, in
contrast to table view, participants had some difficulties with cluste@vieainly because this format

made it more difficult to make compsons between POls (Fr.=8), as well as to rank POls (Fr.=8). Lastly,
due to testing constraints using PowerPoint mockups in a lab setting, some participants worried about the
stable presentation of labels (Fr.=5). For instance, one commented, "(Wham#ra moves) if things

keep in and out , $Spedfitusa quatésdre pravided Tmbld l8andTabp 19

Section 4.3.5).

User preference on AR interfaces

When the 32 participants were askedndicate their preferred interface, 19 stated that they preferred the
SA-supported interface, 10 liked the baseline interface better, and 3 had no particular preference. More
interesting, among the 10 participants who preferred the baseline intdrizfdbem indicated that they
would prefer the cluster view when just a few POls were presertatiwhen more were available, they

liked the table view better. Based on prior research, one reason for this finding could be that the cluster
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view layout mighffacilitate global perception (i.e., preattentive or holistic proces$\d). Wickens,

19990 incontrast o t he more Al ocal 6 processing of a singl e
table view. Because global processing is preattentive and automatic, it can reduce attentional demand as

one processes a multiement displayWickens, 1999 However, according to Wickens (1999, 2007), to
utilize oneds gl obal per cept icontexttoutibze theoantdmatici ons h a
holistic processing. First, the Gestalt principles (e.g., proximity, symmetry) or related information

principles must be used to produce groups or emergent features (i.e., a global property not evident as each

is seen ingolation). Second, the organization formed by the proximity of different elements on the mobile

AR viewer must be compatible with the environment

representation of them.

Therefore, when considering the gtitative and qualitative results in total, we would recommend an

integration of the two views (cluster view + table view) to provide the advantages of each, while

minimizing the individual disadvantages of both view types. Furthermore, on cluster gigw, dgobal

perception should be promoted by 1) utilizing the Gestalt principles (e.g., proximity, symmetry) or related
information principles to produce groups or emergent features; and 2) forming the proximity of different
elements compatible with thdapy s i ¢ a | el ements they represent (e.g.
representation of them. With this recommended redesign (e.g., a dual view solution), integrating a table

view that supports local perception of taskportant information with a clisr view that promotes global

pere pti on can support a userdb6s SA.

5.4.2.2 Map interface

The findings from this study suggest that with ti@p interfaceshere was a significant difference in

situation awareness, as represented by task query completiénwiitheSA-supported interface taking

less time than baseline interface. In terms of the response accuracy, results suggest that there was a
significant dfference between the Sgupported interface and the baseline interface. We suspect that this
outcome has to do with the fact that users paid more attention to response accuracy instead of completing

the task query as quickly as possibles they were inaticted to dos.

Both tested interfaces provided the same set of information (e.g., name and distance). The only difference
between the SAupported interface and the baseline interface was in the provision of spatial cues, which
were shaped as concentricobés originating from the location of the user. This spatial cue interface

feature was designed based on the concept of-nagiaroverlap, which stems from claim analysis on user

requirement No. 20, No. 27, and No. 2ppendix S). Qualitative feedback obtained from peigants
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(Table20andTable2linsection4.3p suggests that the spatial cue f e
estimationo (Fr.=32), fgood for comparisono (Fr. =
location a | referenceo (Fr.=7), fAgood for viewing a col
(Fr.=3). Specific user quotes are praddn(Table20andTable21in section 4.3.5).

As a possible alternative in claims analysis (No. 20 proposed irtiomaesign feature iAppendix S),

the accuracy of spatial information received mixed feedback. In claims analysis, one of the proposed

design feature alternatise was fApr ovi di nnpp averlapobotdistgried toocatcommodhie r
environmental factors, e.g., geographic factor an
of the feature in claims analysis indicates that having an accuratercontdiu ncr eases Vvi sual
complexity, and may not be vi s uainténgive nierlacesadding . 6 Be
visual complexit$ which could result in visual clustérscould become an issue of preventing users

from accessing tasknportant information. The importance of being accessible was considered to out

weight the importance of being accurate in a more leisure context for which this application was

designed. As one of the participastboogmmenieddo@
too 6out of controlé6é it gives it away. o0 Since p
could be developed to develop a sort of Amiddle s

addition, a future studgould be conducted to evaluate which concept (approximate spatial cue vs.
accurate spatial cue) can provide better situation awareness in terms of task query completion time as well

as userds subjective preference.

User preference on Map interfaces

With respect to their interface preference, 32 out of 32 partitsgareferred the SAupported Mp
interface over the baseline interface. As discussed previously, a more detailed study is needed to compare

the approximate spatial cue and accurate spatidhdeemsofues r 6 s SA and wuser 6s pref

5.4.3 RQ3: Hypothesis 2 Effect of SAsupported Interface Design on Usability
Based on results from both the SUS scores and the ASQ ratings,-8uwpfdtted interface was
significantly different than the baselimgerface with respect to perceived usability. Thus, Hypothesis 2
was supported. To further explore the relationship between SA and usability, two correlation tests were
conducted. First, correlations between the SUS score and the ASQ score for bdRhatte: Map
interfaces had a strong positive relationship. This finding indicates that the two usability scores were
positively correlated, and internal validity of usability as a construct was strengthened. Second, another
correlation test suggested thagnd was a weak to moderate inverse relationship between task query
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completion time and usability score on the AR interface; and a moderate inverse relationship between

task query completion time and usability score on the Map interface.

Usability as a coneuct incorporates varying dimensions and is assessed by a wide variety of measures,

such as effectiveness, efficiency, satisfaction, errors, attitude, learnability, accessibility, operability,
acceptability, flexibility, memorability, ease of use, usefish utility, playfulness, enjoyment,

acceptability, quality, reliability, attitude, security, aesthetics, utility, memorability, content,

attractiveness, and so (@oursaris & Kim,201L I n t hi s study, participants
perceived usability of the interface was assessed using standardized questi(Baai®eé Lewis,

2012.

In terms of SA, as an internal construct of the human mind, &ndsl ( 1 988 a) stated that
conceived of as the pilothsemiateanal poodel i oft i me
essence, SA represents the current state of the mental fiwoReEndsley & Garland, 2000Within the

context of this research, exploratory navigation is a complex behavior. Processing surrounding

information such as visual landmarks, subtle environmental cues, digital information about distant objects
provides users with information to browse, observe, and select between alternatives based on their goals

or interests. Accordingly, in contrast to perceéivesability, an SAsupported interface is a configuration

of SA taskimportant information and the interface that presents it to the user. This means that a
moderate correlation between user 6s SAoublbed i nterf
used as a preliminary result to generate more research questions in the domainuSabdityrelated

research.

5.4.4 Concept Design¥aluation

Five concept designs (CDs) were evaluated with specific features, as follows. (CD)1: An image
recognition feature: (CDh) 2: Dynamic pedestrian f|
ldentifyo / varying types of search within-the mo
time information of a POI regarding its dynaraitd interactive aspects, and (CD) 5: Trends that reveal or

confirm information to establish a trend of experiences-s@éxific results are listed below:

(CD)1, image recognition, received positive feedback. Participants welcomed this feature by positively
commenting on its capability of enabling browsing surroundings, registration, and path indicating,
information seeking, and layers to filter. Only thpagticipants were unsure what they would use it for
until they had it.
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(CD) 2: Providing a dynamic pedestrian flow associated with local events received mixed feedback,
principally because in most situations where time is not an issue, participantsirdica t hat t hey wo
mind walking in crowds, and a few stated that this feature could help them estimate time more accurately

in exploring a place.

(CDh) 3: Providing a AiSearch & I dentifyd feature r

as a perception aid and Amotionodo saver.

(CD) 4: Providing reatime view of dynamic and interactive aspects of a POI received positive feedback,

and multimedia Astatico information was wel comed

(CD) 5: Trendrevealing information, providing agggated reviews, received positive feedback; in
contrast, trends that figure about the performanceAppendix Rreceived mixed feedback. Participants
expressedhat they would pay more attention on the figure unless a dramatic change occurred in its
performance (e.g., a dramatic drop). Otherwise they would just look for the average indicator (e.g.,
overall rating) to anticipate their future experience.

More specific user quotes are providedection 4.3 in Table22 throughTable26.
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Table29. Design principles for designing systems for fé@m Endsley (1993)

SA Interface Design Principles

Interpretation

Example(s)

Principle 1: Organizenformation

around goals

Information should be organized in terms of the

operatords major goal s.

The SA requirements analysis provides the inpy
needed to determine which information is requir

for addressing each goal.

Principle 2: Present Level 2
information directld support

comprehension

As attention and working memory are limited, the deg
to which displays provide information that is processe
and integrated in terms of Level 2 SA requirements w|
positively impact SA.

Directly portraying the dewgtion between a currer
value and its expected (or required) value is bet
than requiring the operator to calculate this

information based on lower level data.

Principle 3: Provide assistance for

Level 3 SA projections

Displays that allow operators émticipate possible

occurrences have been sh

own ability to create accurate projections.

A trend display, graphing changes in a paramet
over time, can be very useful for helping operat(

project future changes in thaparameter

Principle 4: Support global SA

In many systems, a global SA display that is visible af
times may be needed. Global SA is critical for accura
determining which goals should have the highest prio
and for enabling projection of futureents. Detailed

to t

information related

interest should be provided as required.

Excessive menuing and windowing often obscu
information on other windows that should signal
operators to attend to other, more important
information.

Principle 5: Support tradeffs

between goatiriven and datadriven

Designs need to take into consideration bothdown

and bottorrup processing. The design of the system

As environmental cues with highly salient featur

(e.q., flashing lights, bright colors, loud sounds)
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processing

around operator goals (Principle 1) will support goal
drivenprocessing. The big picture display that suppor
global SA (Principle 4) will support datdriven
processing by directing the operator as to where to fo
attention to achieve high priority goals. The key is to

ensure that these two approaches complegsmtt other.

will tend to capture attention away from current
goal directed processing, these characteristics
should be reserved for critical cues timaticate

the need for activating other goals, and should

avoided for noncritical events.

Principle 6: Make critical cues for

schema activation salient

Those that can be verbalized and are known to be
important should be coded on the display siitient

cueing that supports operator decision making.

If particular fuel levels trigger different classes o
situations, markers should be placed at these

ibreakpoints. o

Principle 7: Take advantage of

parallel processing capabilities

System designs thatpport parallel processing of

information by the operator should directly benefit. SA

Designing involves using visual, auditory, and

tactile designs to increase SA.

Principle 8: Use information filtering

carefully

Information filtering deprives peopl# the global SA
they need to be predictive and proactive; the operatof
needs to be able to respond to not only immediate cri
but to look ahead to what is coming up in order to
identify developing situations (Level 3 SA); individual
differences must beonsidered with respect to the

formation of information filtering schemes.

Type of information filtering approach can
actually seriously degrade SA (Endsley & Bolstg
1993).
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5.4.5 From SA User Requirements to Sfipported Design €&ommendations

In this research, the proposed SA design recommendaticarssformed from SA user requirements) can

be interpreted as a specialized supplement to design principles for designing system for SA proposed by
Endsley(1993) Table29) . As can be seen, Ends |-level,ighySA desi gn
extracted set for designing complex systems fod Svkich may deter designers anglvelopers from
incorporating them in actual systems design for ¢
(1993) are primarily derived for and applied to SA interface design for complex systems. However, based

on the concept Endsley provided issed previously), designing for SA could have broader

implications and more applications in system design, without strictly restricting to designing for complex
system. In contrast, the proposed-&#oported desigrecommendationsere intended to beraore

specialized and detailed set that could be used by designers and developers for creating le€s complex

but more dimensional mob#eAR guidance applications for urban exploratory navigation.

The way this research work derived desigh recommendatiomsufser requirements was to empirically
evaluate the concept, either through a quantitative experiment or a qualitative evaluation. Among these
evaluations, qualitative evaluation is considered as more of a first step to aupliguantitative
experimentalthough in this research both methods are used to transform the set of user requirements to
design recommendations. This research (study 2) is considered as an initiation of a validation of the
extracted user requirements and of a translation from egairements into a set of design

recommendations. This method is shown to be useful in other HCI research to translate user requirements
to design recommendatiofisessel, Bdmer, Krdner, & Kriger, 2012. As can be seen frigure31, in

this research fowsteps were involved in this translation.
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Figure31 Translation process from SA user requirements tes@gported design recommendations

Step 1: Based on the extracted SA user requirements, this prog#ged several design activities to

produce specific SAupported design strategies via claims analysis and information/interaction design
scenarios (i.e., contexff-use) via scenaribased design.

Step 2: Based on results from claims analysis andaediscenarios, this step involved producing
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prototypical SAsupported design implications, resulting in two concrete design implications and five
design implication concepts.

Step 3: Subsequently, the third step involved investigating concrete desigpnsdhy evaluating two

design implications in a quantitative experiment and evaluating five design implication concepts in a
gualitative evaluation.

Step 4: Last, based on the results from the evaluation, preliminary design recommendations were distilled
by confirming the applied design strategies from design implications. Specifically, (1) based on the results
from the experiment that there is a significant interface effect, the corresponding informed SA strategies
are proven to be effective in suppogtin us er 6 s SA, and thereby the under
translated to preliminary design recommendations. (2) Based on the results from the qualitative evaluation
that design concepts received positive feedback, the corresponding user requitemardéed in

informed SA strategies, are shown to be effective (to a lesser degree comparing to a quantitative
experimental evaluation). It has to be noted that future studies should build concrete prototypes and
conduct more rigorous quantitative exantio@, similar to the process used in the abmentioned

guantitative experiment, to empirically examine the underlying SA user requirements. Likewise, for the
concepts that received mixed feedback, such further evaluation is needed because sometipastparti
stated that they do not have a strong need or they do not need certain features but affirmed that they
would use the feature if it was integrated into an evaluated prot(itgpsel et al., 2032

Due to the constraints in this research (e.g., time), only a part of user requirements was translated into
concrete design solutions in two interface design implications (i.e., AR and Map interface), and
subsequently were empirically evaluated in studgtn in Table 30). Specifically, in developing the

AR interface, user requirements No. 13, 26, and 34 were applied. In developing the Map interface, user
requirements No. 20, 27, and 29 were applied. In regards to designing implication concepts, positive
results were obtained for concept 1, 2, 3 and 4, which involved, respectively, with user requirements 5a,
6, 7, 8b, 8c, 8g, 9, 10, and 33; with requirement 47, requirement 17; and with requirement 18, 19, and 49.
Mixed results were obtained for concepthich associated with user requirement 48. No negative

results were obtained from any of the concepts evaluated.

Once all the requirements in the set have been empirically assessed, the set then can be distilled and used
as a set of validated design recnandations. In other words, once the evaluation process of the
requirements is complete, the set of preliminary SA design recommendatiosest afspecific design

recommendations to add value in guiding-8#4oported mobile AR guidance application design

In addition,the proposed preliminary cognitive model entails different stages of information prodassing
18¢



the environment of mobile AlRnabled urban exploratory navigati®A user requirements, subsequently
transformed tanterface design recommendats are tightly related to the proposed model regarding

various aspects of information processing.

In this research, a validation process was initiated for the extracted user requirements, which included
conducting an interface evaluation of SApport aplied interface design, evaluating SApport concept
design, and examining related research findings from the literaiaipée 30 provides a summary of this
effort, with SAsupport applied interface design (AR & Map interface);ssport concept design

evaluation (CD 15), and examining related scholarly research figsli
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Table30. A summary of an initiation of validation

Info Sub- SA User SA-supported User Requirements Comp. Design Concept Related Research Findings & DesigiRecommendations
Process categories Req No. Applied  Evaluation from Literature

g Goal 1 For exploratory browsing and geal N/A

3 directed exploration, users shall be

©

5 supported with different layers or module

>

of informationto select at as they wish
(P2:68;P4:40;P1:224;P3:148;P5:235)

Goal 2 For exploratory browsing and geal N/A
directed exploration, users shall have
personalization options to set up
preferences and add personal or cultural
related POIs (P1:191;P5:163;P2:81;P2:9

Goal 3 For exploratory browsing and geal N/A
directedexploration, users shall have an
option to express and describe their neel
to the system (P1:118;P2:33;P5:126).
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Recognizing
/ identifying/
locating/

orienting

For exploratory browsing and geal Sp AR
directed exploration on mobile AR viewel

usersshall be able to identify or recognize

their own location and orientation, as wel

as obtain information about relevant POI

in their vicinity

(P1:271;P4:243;PF2:44;P3:63;P3:75;P3:
8;P4:78;P4:233;P5:249).

Recognizing
fidentifying

*For exploratory browsing and goal
directed exploration, users shall be
supported the following specific ways (5¢
C) to assist their recognition and
identifying process (P1:246;
P3:171;P4:224;P5:235;P5:238):

5a.

Prioritized and more detailed information  Sp
upon request, about POls that are directl
visible from the AR viewfinder, to assist
userbd6s fAscanod acti

to reveal additional information;

CD1

5b.

Less detailed information, upon request,  Sp AR
about nearby POls that are not directly o

completely visible from the AR
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viewfinder; includes an option to reveal

additional information;

5c. Less detailed information, upon request,  Sp
about distanPOls that are visible but
vague from the AR viewfinder; includes ¢ A
option to reveal additional information.
Recognizing 6 For exploratory browsing and geal Sp CD1 Information browsing provides users with locati@ierenced
fidentifying directed exploration, users shall be information about objects in their surroundings, where
supported by an image recognition featui A information takes many different format®.g., other images
in order to identify and highlight the ot her sd c o muoreated isformation,tei@.and @
requested POls that are directly visible tc be selected for mre detailed informatiofFrohlich et al.,
the user (P1:164;P2:232;P6:285; P2:242 2006 Rasinger, 2009Reitmayr & Schmalstieg, 2004a
P1:285;P5:28;P5:27R5F:107;P5F:124). Schmalstieg et al., 2097
Recognizing 7 For exploratory browsing and geal Sp CD1
/identifying directed eploration, users shall be

supported by information on "attention
catching" POls that stand out in the
environment (P3F:37;P2:208); and/or
those that are goaélated (P4:327;P3:265
P1:355;P3:267;P6:366).
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Recognizing 8 Forexploration and navigation, users she
/identifying be able to keep track of the following
environmental cues (8a):
8a. street information (e.g., street Sp CD1
numbers/street signs)
A
(P1:83;P2:115;P3:57;P4:74;P3:57;P4:34
4:59);
8h. store signs andompany logos Sp CD1
(P4:58;P4:74);
A
8c. location of oneself (P5:87); Sp CD1
8d. direction to destination POls (P1:94); Sp AR/
Map
8e. distance to destination POls Sp AR/
(P1:94;P4:127;P5:94; P5:87); Map
8f. estimated time needed reach a POI by T AR/
taking into account various environmente Map
factors (P1:94;P2:115;P5:94;P2F:78;
P4:230);
8g. dynamic pedestrian traffic Sp CD2
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(P1:133;P2:115;P5:94);

Recognizing

lidentifying

For exploratory browsing and geal
directed explorati
more information aboutisual landmarks
shall be supported on/from mobile AR
viewer (P2F:36;P2F:42;P3:57;P3:225;
P4:252; P4:255; P4:256).

CD1

Recognizing
fidentifying

10

For exploratory browsing and geal
directed explorati
more information aboutognitive
landmarksshall be supported on/from
mobile AR viewer
(P1:69;P2:134;P4F:127;P6:85).

CD1

Recognizing
fidentifying

11

For exploratory and navigation, users shi
have a consistent and interlinked interfac
among insight view and overview
(P2:89;P5F:176).

Search

12

For exploratory browsing and geal
directed exploration, users shall be able
perform varyingypes of searches within
the mobile AR viewer with returned

searching results

Search mechanism that provides access to relevant
information(Frohlich et al., 2006Rasinger, 2009 Mobile
search has been categorized into four main areas both-for
the-go uses or for stationary ugghurch & Smyth, 2008

Navigational search refers to a class of queries where the
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(P3:58;P2F:69;P6:265;P4F:56;P5F:107;)

immediate intent is to reach a particular site, such as a
company. Transactional search occurs whenever the user
seeks further interactions such as shopping, gaming, or
downloading files (e.g.niages, videos, music, aduélated
queries). Information search involves situations in which
users attempt to find information online, while leisure sear
has an orientation towards entertainment and discovery
options to or gani(Westluad etals e r
201D).

Interface 13 For exploration and navigation, users shi  N/A AR
be able to quickly scan information on
Support mobile AR viewer to minimize the time
spent on screen
(P2:73;P5:150;P2F:75;P2F:114;P3F:83;l
F:132;P5F:59;P6F:50).
Interface 14 For exploratory browsing and geal N/A The system should provide personalized recommendation
S , directed exploration, users shall be adapt the presentation of information depending upon the
uppor

supported with an adaptive interface that
constantly adapting to the user's behavic
and buildup profile
(P1:187;P2:55;P4F:89;P6:54;).

patterns of human motion, such as usage history (e.g.,
information that visitor h
patterns through an aread geographic layout of the space
(Ludford et al., 2005 the time of day, duration of stay,
amount of preplanning(Ludford et al., 2005 on inferences

of a userdés | ikely current
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user profiles and patterns of past user behgtéelotti et al.,
2008, to deliver messages in ways that fit patterns of hum
motion(Cheverst eal., 2000. For example, the system
should narrow the information delivery radius for stationan
users; if the visitor makes a return visit, the information
should reflect that and adapt its presentation, such as
providing a welcome back messg@heverst et al., 2000
The system infers the inte
behavior and presents relevant augmented information ba
on such behavioral information. If the user shows further
interest in the AR content, the system detects it and provic
progressiely more informatior{Ajanki et al., 201} This
functional requirement is one of the solutions to the
information overload problem when the user may not have
explicit query in mind or may not even be searghin
Therefore, the mobile AR system will display information
based on the systembés infe
(Ajanki et al., 2011 However, the disadvantage associatec
with implicit input is that it neesla complete and thorough

user profile and an accurate model of user behaviors.
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Spatial 15 For exploratory browsing and geal Sp Locationbased applications will identify and adjust to

boundary directed exploration, users shall be able crowded areas and traffic patterns because traffic patterns
receive spatial information that is di stractions in dense urba
automatically adjusted based on perception of distancg.udford et al., 2006 For example,
envirormental factors (P1:188;P4:327). these applications will deliver messages that take into acc

the locale, where dense urban areas feel smaller.
Spatial 16 For exploratory browsing and gb Sp Users should be able to see locations within a certain rang
boundary directed exploration, users shall be able the current position (immediate surroundings), such as

adjust the information range at will on a
mobile AR viewer (P4:327; P5:133).

accessing the name of the POI and the distancéYauiity,
2011. Users might need to access other information in the
surroundings, such as transportation information (e.g., for

mass transit riders).

Recognizing 17
fidentifying

For exploration and navigation, users shi  Sp
be supported by a concept of "search &
identify," enabled by an image recognitio A
and identification feature in order to help

users identify POls at request, thereby
assisting the natural humarsual

inspection activity (P1:164;P2:232;P6:28
P2:242; P1:285;P5:28;P5:274;
P5F:107;P5F:124).
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Recognizing
/identifying

18

For exploration and navigation, users shi A CD4
have an option to

visualization information, if applicable

(e.g., reattime view, or photorealistic

pictures) (P4:269; P5:276).

Recognizing
/identifying

19

For exploratory browsing angbat A CD4
directed exploration, users shall have an

option to access specific POI attributes tl

cannot be easily described textually, if

applicable (P3F:112;P2F:67;P4:193).

Locating/

orienting

20

*For exploration and navigation, users Sp
shall be supported by an interface to
quickly check oneb
location/orientation and a desired
destinationbés | oca
applicable (P2:154;P4:247;P5:145).

Noticing

21

*For exploration andhavigation, users T
shall have an option to be aware of the
ongoing status of events or activities in

their vicinity (P3:186;P4:234;P5:101).
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Interface

support

22

For exploration and navigation, users shi
be supported with multimodal input and
output to alleviate having to engage both
hands in the mobile context
(P1F:109;P1F:119;P2F:183;P6F:120;P4|
130).

N/A

In addition to a visual interface, in an outdoor environment
other interaction models (e.g., speech and voice recognitic
will occur (Schmeil & Broll, 2008. Users will be more
cognizant of the surrounding environment as a result of
delivered informatiorthat users can perceive and
comprehend, such as audio drapticnotifications(Frohlich
et al., 2006Jacob et al., 20320ther modalities have
potential in mobile AR navigation interfaces, such as aadic
haptic navigation guidance, and animated guides using bc
gestures to direct touri€bchmalstieg et al., 2097
unobtrusive implicit input from the userspecifically, eye
movement patterns (e.g., selecting icons by looking at the
(Schmalstieg et al., 20p@and speech and other implicit
feedback dath can be usetbr information filtering(A.

Ajanki et al., 2011

Interface

support

23

For exploration and navigation, users shi
have a mobile AR interface with a glare
free screen, operating properly under

varying light conditions (P3F:56).

N/A




option to perceive an overview on a mob
AR viewer (P2F:89;P2F:165;P2F:86).

Interface 24 Users shall have accurately tracked, N/A
support registered and displayedigmentation on
mobile AR viewer
(P2F:75;P2F:114P3F:83;P4F:132;P5F:5!
Q Acquiring 25 For exploratory browsing and geal Sp AR/ One study shows that the combined use of egocentric anc
g overview directed exploration, users shall be Map exocentric views in naviga
% supported by an overview gpatial A of a location(Grasset et al., 2005T o0 extend on thistwo
5, patterns and rel at So general types of interfaces are identified combining these
5 vicinity regarding some aspects of different views together: spatial and temporal methods
attributes (Grasset et al., 20)1The spatial method is used to show
(P3:196;P4:243;P4:248;P5:260;P5:47;Pt more viewpoints from the u
44:P4:28;P5F:50;P4F:85;P4:243;P5:260 method is used to provide a mechanism to switch success
6:272). between different viewpoints
Acquiring 26 For exploratory browsing and geal Sp AR
overview directed exploration, users shall have an
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Quantifying/ 27 For exploratory browsing and geal A AR
Estimating directed exploration, users shall have a
amount way to know theamountof POIs sharing
one or more attrib
vicinity
(P2F:44;P2F:52;P4F:49;PAF:54;P4F:57;
F:65).
Interface 28 Forexploratory browsing and geal N/A AR
directed exploration, users shall be
Support supported with a progressively disclosed
interface to gradually receive information
upon request (P1:66;P1:75;P4:90;P6:13¢
Quantifying/ 29 For exploratory browsing and geal Sp AR
Estimating directed exploration, users shall be able
amount have a way to know thgpatial A

relationshipf the POls sharing one or
more attributes under query
(P2F:103;P3F:70;P4F:145).
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Acquiring 30 For exploratonprowsing and goal A
patterns directed exploration, users shall be
supported with information that locatly S
based individuals uniquely possess
(P1:52;P5:61).
Acquiring 31 For exploratory browsing and geal Sp AR
relations and directed exploration, users shall be
comparisons supported with a ranking mechanism tha
can rank POls based on one or more
attributes at request
(P2F:70;P5:163;P6;94;P3:211;P1:305).
Acquiring 32 For exploratory browsing and geal A AR
relations and directed exploration, users shall be able
comparisons have an option to compare alternative P(
under query in a quick and easy way
(P2F:70;P2F:180;P3F:64).
Interface 33 For exploratory browsing and geal N/A CD1 Urban environments are rich in potential targets for
Support directedexploration, users shall be annotation(Tokusho & Feiner, 2009 An interactive mobile

provided with an interactive AR view witF
augmentations enabling direct
manipulation (P1F:18;P2:94;P2:273).

AR view could serve as an interface to additional, more
detailed information about a POI via amdi databasg®avies
et al., 1999Kahari & Murphy, 2006J. Wither et al., 2009

Wither,2009. In addition, users can interact with the
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information presented to them byeating, adding, editing,
deleting annotations to specific physical locations and obje
(Frohlich et al., 2008 in formats of visual textual annotatior
(Feiner et al., 1997Thomas et al., 1998lor multimedia
information(Hollerer, Feiner, & Pavlik, 1999or multi
modal interaction (e.g., accessing by voicevatibn)
(Gabbard et al., 2002

Four types of interactivity with respect to mobile AR
annotation exisfWither et al., 200p 1) static and offline
(e.g., hyperlinks); 2) int
editable; 3) editable; and 4) useeated annotation. For
example, for textual annotation only keywords are provide
Selecting ae provides more detailed information in a popu

window (Schmalstieg et al., 207

Acquiring 34 For exploratory browsing and geal Sp AR
relations and directed exploration, users shall be
comparisons supported with a view by which users cai
browse information semantically in a
categorical wg (P1F:75;P3F:75;P4F:85).
Acquiring 35 For exploratory browsing and geal A The option to filter information or layers based on several

relations and

comparisons

directed exploration, users shall be

provided with a filter mechanism

factors, such as user interests (e.g., weather and terrain,
distance) to present information in an uncluttered way so t
it is easy to interact witpAjanki, 2011, Gabbard et al., 2002
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(P5F:124;P1F:18;P2:273).

Julier et al., 2000Tsai et al., 201R A set of rules of
prioritization should be generated. Specifically, teslated
data must prevail over neutral data, nearby information mt
prevail over distant information, and more important
information must take precedence over minor information
(Neuhofer et al., 202

Acquiring 36 For exploration and navigation, users shi  Sp
relations ad have an option to access alternative patt
comparisons along with corresponding POI informatiol A

to the destination (P3:211;P1:305).
Acquiring 37 For exploration and navigation, users shi  Sp
relations and be made aware of POlIs of potential inter
comparisons based on a prestablished user profile, A

which could serve as alternative paths to

the destination

(P5:163;P2;94;P3:211;P1:305).

38 For exploratory browsing and geal T The tourist may miss out on important or interesting

directed exploration, users shall have an
option to set up and receive locatibased
(spatial) reminders of POls of potential
interest on their way to the destination
(P5:163;P2;94).

information, especially in informatierich urban settings
(Cheverst et al., 20Q0Rasinger,2000 fA Pusho n.
has a role to play in locatidmased systems, where

i mmediately relevant infor

virtual reminders are associated with physical locations fol
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spatially or temporallyrelevant information, such as sdcia
messaging (e.g.,-Braffiti), community announcements (e.¢
GeoNotes),venue information (e.g., PlaceMail) ortifétical
information in the battlefieldGabbard et al., 2002This is
also called opportunistic reminders, which provides a early
filjdnstti meo -io-pl &¢ge@d8tprompt ar
telling the user to take spatially or temporally relevant actic
(Ludford et al., 2006

Acquiring
relations and

comparisons

39

For exploratory browsing, godlirected A
exploration and goatirected navigation,

users shall be provided at will with
information about POls sharing one or

more attributesr alternatives (if

applicable) (P1:231;P1:368;P2:333;

P3:320; P4:389;P4:295;P3F:71,
P4:295;P5:289;P6:401).

Acquiring
relations and

comparisons

41

*For exploratory browsing and goal Sp
directed exploration, users shall have an
option to be informed dhformation about

POls in their current vicinity and in the

vicinity of their destination(s).
(P6F:101;P4F:123;P4F:165;P6F:101).

A system should enable people to discover new places
because tourists may wish to explore available informatior
about their surroundings with or without pitefined task
(goal/criteria)(Ajanki, 2011 Yang, 201}.
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Acquiring 42 For exploratory browsing and geal A The system should enable visitors to control their pace of
relations and directed exploration, users shall have interaction with the system, for example, stopping or
comparisons information with a uniformed layout, interrupting the tour when need@@dheverst et al., 2000
variedfor different types of POlIs Freezing the camera image (mobile AR view) when desire
(P3:183;P5:105). while keeping the overlaid graphics live, support
manipulating the interface and visualization without having
keep the device pointed at the scene. Once the displa
frozen, direct manipulation (e.g., touching the screen to sh
information) is useful.
Interface 43 Users shall be able to interact with mobil ~ N/A
support AR viewer analogous to interactions with
touchscreerbased camera
(P8:89;P5F:107;P5F:124).
Interface 44 *Users shall be able to save POls for late  N/A
support access at will (P2F:70; P2F:180; P3F:64
Context 45 Users shall be supported via personal N/A The system needs to create a personal context for every L
support context information in their vicinity (Suomela & Lehikoinen, 20Q0Personal context needs to b

(P1:221;P3:164,;P4:208; P2:1#85:219).

consider ed: visitorodés inte
vi sitords current |l ocati on
technical background of the visitor, and their preferred

reading laguageg(Cheverst et al., 2000
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Interface 46 *Users shall be able to make changes ar N/A
support adjustment quickly on path and destinatit
selection (P2:94;P3:74).
o Projecting 47 For exploratory browsing and geal Sp CD2
é‘ directed exploration, users shall have an .
S option to be informed of redime
crowd/pedestrian flow associated with A
local events
(P1:133:P2:115:P3:57:P3:225). So
Projecting 48 For exploratoryrowsing and goal T CD5
directed exploration, users shall be
supported upon request with trends that A
reveal or confirm information that can be  gq

used to establish a trend of experiences
one POI to assist in making projections ii
their (near) future visit
(P1:1D;P4:376;;P4F:130P5F:110;P5F: 7"
P5F:114;P5F:119;
P5F:120;P5:330;P5:339).




SETe)

Projecting 49 For exploratory browsing and geal T CD4 The system needs to stay informed about the current phys
directed exploration, users shall, upon environment (e.g. via dynamic information retrieval from
request, be made aware of the taale A application servergHollerer, 2004. The system should alsa
information of a POI regarding ith/namic So support information that user requirestbe-fly (e.g.,
and interactive aspect$iereby enabling a randomly picked opening hours, local weather, traffic new:
user's projections of its future state. which cannot be supplied in advance and thereby needs t
(P1:100;P1:363;P1:370;P2:44;P3:225;P: capable of dynamic chan@@heverst et al., 20Q0Mavies et
37P3:320;P4:322;P4:391;P5:339;P5:32€ al., 1999. For example, in visiting Lancaster Castle, the ca
6:144,;P6:392;P6:380;P6:407;P1F:72;P1 was closed initially to the public because the courtroom
82;P2F:169;P4F:145;P4F:152;P5F:112;F (situated within the castle) was in sessidhé court session
F:114;P5F:1%). were to finish early, the visitor would then be notified that t

castle was open to the pub{i©avies et al., 1999 Dynamic
mobile AR content can be accessed using the system and
delivered at appropriatémes (e.g., before the place, not aft
and published and updated frequently (e.g., newspapers,
brochures, public displays).

Social 50 For exploratory browsing and geal So Mobile AR can also support collaboration among mobile

directed exploration, users shall have an
option to interact withocally-based
individuals or other users for spontaneou
or planned social interactions
(P1:334;P2:66;P5:110).

usersSuch interactions can also support collaboration ami
mobile users, which cdre achieved by sharing information.
A mobile collaborative augmented reality application is on
that allows multiple users to share an AR experience usin(
their mobile devicegReitmayr & Schmalstieg, 2001The

AR content can be shared among fazéace or remote users

at the same time (synchrorsooollaboration) or at different
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times (asynchronous collaboratidjllinghurst & Thomas,
201]). Examples are BAR&ulier et al., 2001 Shared Space
project(Billinghurst, Weghorst, et al., 1998Human Pacman
(a collaborative mobile AR gaméheok etal., 2003, the
Augmented Stroll (a mobile collaborative mobile AR servic

to archeologists in field works).

Temporal 51 For exploration and navigation, users shi T (*Related research was provided in Req. 38)
have an option to set up and receive
temporallyrelevant information reminders
at will (P3:81;P5:116).

Attribute 52 *Users shall be provided with safety A
information about neighborhoods/areas ¢
an unfamiliar place under query
(P5:87;P6:101;).

Requirement with * indicated future empirical evaluation is needed to confirm the corresponding requirement.



5.5 Limitation s

The firstlimitation of this research is that Study 1 relied on the input of participants who all happened to
be college studerisand thus represented a more homogenous group with respect to age and experience.
Although the researcher endeavored to elicit the petiyes of participants with diverse experiences and
knowledge in terms of using mobile AR guidance applications, the diversity of participants could not be
maximized in this study due to time and budgetary constraints. Future studies should include a more
varied group of participants so that differing levels of knowledge and application familiarity are included.

For example, an expanded study could include professional mobile AR designers or developers.

Furthermore, Study 1 used an existing mobile AR guig application (Wikitude) as the principal
interface for contextual i nquiry. Although the ap
consideration during the course of data analysis, the risk of relying on a single application does present
someinherent limitations in contextual analyses. Therefore, using multiple mobile AR applications may

help to expand findings. The risk of pursuing this rrattplication, however, is that it may distract users

from focusing on assigned tasks and activitieasd i nst ead evahdliatod& 0t aspmect & K

the application.

A third limitation of this research is connected with the outfield observational study. Given that it

occurred in a specific locationertain environmental factors inevitablylignced study results. In other

words, alocatiors peci fi ¢ observational study could easily
exploratory navigation works in general, as well as influenced their situation awareness in exploratory
navigation. Foexample, using mobile AR guidance applicatidn a less crowded, less busy town is no

doubt different than exploring in a busy metropolitan city. In spite of study design efforts to mitigate the
influence of regional differencése.qg., during the followp interview session a metropolitan city
intersection (i .e., busi er and more crowded t han
participants and to solicit their SA requireménexisting field characteristics may still have influenced

the cata obtained in this study. Future studies on different degrees of field characteristics could possibly

supplement findings from this study.

Last but certainly not least, interface mockups with mixed fidelity utilized in Study 2 posed a restriction

in evaliating SAsupported interfaces. Specifically, a hyperlink (which was used to create an interaction
flow) was added to a shape on a PowerPoint slide. However, the system automatically changed the color
scheme of that shape to make the hyperlink obvious.cidhor change may have influenced a

participantés perception of those interfaces. For
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fifcancel & button and clusters of items appear some
other testinglatforms featuring more advanced components or other more specialized testing platforms

are recommended to minimize the influence posed by the testing platform utilized herein.

5.6  Contribution of the Current Research
The anticipated contributions to thierature are foufold:

1. Extending the application of situation awareness theory in a preliminary cognitive model in the
environment of mobile ARk nabl ed urban exploratory navigatio
processes and requirements for explorat@vyigation tasksHigure14 andTable12);

2. Initiating a validation of the apipation of the extracted SA user requirements in the environment
of mobile ARenabled urban exploratory navigation by adopting a systematic appiedita (

30);

3. Detaling how the extended theory can be used to inform mobile AR guidance systems design
(Section 4.2); and

4. Providing a set of preliminary design recommendations regarding mobile AR guidance systems,
which could be used by designers aedelopers in the desigphasef mobile AR guidance

applications.

The contributions of this study have further implications. Supporting situation awareness in the mobile

AR navigation environment will not only be benefidiadecisioamaking processes for public use

devicede.qg., in leisure tourism), but may also shed light orsBpported mobile AR systems for other

domai ns. For exampl e, it could be refined for us e
relief, emergency response, or hazard abatement. Fan@estmaintaining awareness of the environment

and of incoming messages would be essential to law enforcement personnel engaged in mobile patrol
tasks(Streefkerk, McCrickard, EseBussemakers, & Neerinc012. For these emergency response

domains, the use of mobile AR navigation guidance systems can help professionals react faster while
providing a good situation awareness of their surroundings. Such capabilities would also be extremely

useful in a nurber of other domains: (1) the battle environment, where mobile AR systems can assist

with a commander és situation awareness of militar
based dynamic information of a patient can be displayed to ajdaties; and (3), as mentioned above,
policefirefighting work, where firstresponders can rapidly assess hazardous, changasgedis

situations.
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5.7 Conclusion and Future Direction

In this research, the SA theory is extended from a highly strict informati@inonment, primarily
military environment to a more generic and mainstream information environment. Thedkeorgling
environment in this research work, specifically, is a realitymented urban environment, built on a
vision that an increasingly sigicant amount of information will be (if not yet) created in a-faaste
usersummoned way. In addition, to extend the SA theory, this research work providga®sebses for
each of the three SA processes (i.e., perception, comprehension, proj€cgduitus research in

traditional SA theornyapplying domains did not specifically identify these-pubcesses. However, based

on the findings in this research, the identificat

producing SAsupported dsign strategies.

Furthermore, this researafvestigated the design of an SMpported interface, which resulted in a
numberofSAs upported strategies extracted and transl
situation awareness. Based on stigi$results and qualitative data generated from thisstwdy

research, it is clear that designing anS#ported interface is possible when systematic approaches are
implemented. Even though most of the-Sdpported design changes suggested in thity sire restricted

to interface design chandgegrincipally due to the experimental design in comparing ars@#oorted

interface to a baseline interf@acéhose design modifications turned out to be helpful based on user

performance in the experiment andp@sses in the posiession interview.

With these points in mind, the transformed system requirements, which are based on extracted SA user
requirements, are proposed as a set of preliminary recommendations for designing mobile (specifically

smartphonéasd) guidance applications in the context of mobileéRbled urban exploratory

navigation. Continuing this avenue of inqd@iralong with additional validation from subsequent

empirical studies on SAupported interface and implementation of the validegedmmendatiors is

l' i kely to facilitate the continued i mprovement

information requirements needs, as well as encourages more human factors research in this field.

In terms of future directionsypically, a new domain for a construct will initially be studied at the
shallow levels, after which research on the domain will gradually move to deeper levels. For example,
research on usability was initially studied to explore effectiveness and efficiencygfaugarticular
website; in recent years, most research on this domain in HCI has focused on identifying various
dimensions of usability, such as satisfaction, learnability -ekaee, utility, quality, etc. The most

recently usability studies have stdtto be applied to the settings of, for exampleommerce mobile

site design, gaze and gestural control, and ubiquitous computing. Hence, the big heading directions for
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future research on SA as a construct include pushing existing domains deeperedbigratichy to study
SAb6s relationship with other c¢onst-supportedintefface g. us a

design applications.

Addition to the general directions to promote SA research, the reminder document lays out some of these
more immediately accessible avenues for future research. These future research directions are organized
in Table31 based on the outcomes resulted from this research work, and are categorized into four
principle groups: to reduce limitations introduced by the method used and by the process involved, to
continue on theurrent research, and to explore future applications of the outcomes. Subsequently,

discussions on several most promising directions are offered in more details.
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Table31 Future research directions categorized based on outcomes resulted from this research work

Outcomes

To reduce
limitations

introduced by
the method used

To reduce limitations
introduced by the
process involved

To continue on the current
research

To explorefuture
applications of the
outcomes

(RQ1) SA Utilize less - Conduct observations it Continue to investigate - Apply to other mobile
cognitive intrusive two (or more) locations tc specific items in each sub AR guidance platforms
model observation reduce the influence process of &tage process (e.g., wearable);
methods and less introduced by the éld (e.g., searching, identifying,
constrained tasks characteristics; noticing); - Extend to other
(e.g., Natural handheld AR guidance
observation); - Involve a group of domains (e.gmilitary,
target participants with a tourism, navigation, and
more diverse mobile AR entertainment;
experiences;
(RQ2) SA Same as the Explore and implement Continue to complete the  To be applied with
user above; other alternativelesign  evaluation of each SA user modifications to ther
requireme solutionsor design requirements to produce a mobile AR guidance
nts solutions resulted from  set of validated SA platforms or handheld
the remaining SA user  supported design mobile AR guidance
requirements; recommendations; systems in other domain:
(RQ3) Quantitative Produce testing mockups - Continue toevaluateother  Employ the systematic
Evaluation experimentand using a more advanced alternative design solutions approach used itis
results of  qualitative prototype platform; or design solutions resulted research work to design
the evaluation for from the remaining SA user and evaluate SA
informed alternative design requirements; supported interface
interface  solutions resulted _ strategies;
designs from all user - Continue to explore a

requirements;

combined solutiomtegrated
table view into cluster view
(e.g., a dual view solution
combined table view with
cluster view) on SA
supported AR interface;

- Investigate accuracy of the
spatial cues used on SA
supported map interface;
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This research work introduces the SA theory as a
his/her surrounding environment in a realitygmented context. It lays out a theoretical foundation of
studying user 6s i nt singmaabieiAR guidamde syistenss.uBecausauSA dsia widely u
accepted cognitive construct, it simply does not confine itself to the research domain of tourism (which is
the testing bed in this research work). Thereby, researchers should continue to expomiting

construct in various domains, such as military, navigation, and entertainment.

For example, a recent paper presented a proposal of an awareness tool to display relevant information
surrounding a person in an emergency situation based on amnovagygregation of information types

(Siu & Herskovic, 2018 It integrated information about distance, direction, and the type-stoden

POlI, allowing users tquickly assess the relevant information surrounding the emergency site. This
research approached and presenceadarenessaliomry usergte obfainr st r e
information about the presence of others or objects, and helping userstamd¢heicontextand find

emergency site's information. However, based on the SA defirfiesence awarenessid

the contextcould be viewed as parts of a user's SA. If the research adopts the SA cognitive model resulted
from this research, more-ttepth analysis could perhaps be offered. For instance, the author could

investigate such type of awareness from a SA thtage perspective and target specificssfyport

design techniques for each stage. Such analysis may lead to a richer understandingor st r es pond e
awareness with surroundings in an emergency site using a mobile AR device. In addition, because the
systematic method used in this research work to extract SA user requirements, design and evaluate SA
supported interfaces is shown todftective, the researcher could utilize the same procedures to yield

more alternative design solutions for such AR devices.

The SA cognitive model introduced in this disserte
SA development processtine mobile AR environment. Much research remains to be done on topics

related to the handheld AR systems, such as wearable mobile AR systems. This topic can be studied by
adopting the proposed SA theoretical model with certain modifications. Specifgzalyel SA model

would still hold simply because the fundamental and original research on SA theoretical model still holds.
Certain modifications are expected. For instance, this model can be studied by modifying level 1 SA (i.e.
perception) in SAcognit# model to reflect an expected change f
fisuccessful divided attentiono (a.k.a. a parallel
of having a more accurate registration between environmental ®bjetirealized objects on wearable

AR viewfinder. This modification is expected simply based on attention research in human information
processing that attention behavior is influenced by the degree of image conformity. The rest of the model

would, assumdby , still hold unless an individual 6s compr
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projection process (e.g. making a projection based on a prior experience) would change based on the

pl atformbs change.

Third, one of the limitations of this reseAnwork is the constrained function and interaction technique
embedded in the interface mockups. We advocate that future research utilize other more advanced
techniques or platforms to create mobile AR prototypes for-tabisomparison experiment, suchaas
prototypical 3D environment for prototyping of AR applications interf@mrning et al., 2013 If a more
advanced mobile AR prototype platform is used,

precisely with fewer unwanted distractions introduced by the protdsglé
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APPENDIX A IRB APPROVAL LETTER

m V\r L] L Ted.l Office of Research Compliance

Institutational Review Board

2000 Kraft Drive, Suite 2000 (0497)
Blacksburg, VA 24060
540/231-4606 Fax 540/231-0959
email irb@vt.edu

website http://www.irb.vt.edu

MEMORANDUM

DATE: April 2,2013

TO: Tonya Smith-Jackson, Na Mi

FROM: Virginia Tech Institutional Review Board (FWAQ00000572, expires May 31, 2014)

PROTOCOL TITLE: Extending Situation Awareness Theory in the Context of Mobile Augmented
Reality-Enabled Urban Navigation

IRB NUMBER: 13-236

Effective April 2, 2013, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the New Application request for the above-mentioned research protocol.

This approval provides permission to begin the human subject activities outlined in the IRB-approved
protocol and supporting documents.

Plans to deviate from the approved protocol and/or supporting documents must be submitted to the
IRB as an amendment request and approved by the IRB prior to the implementation of any changes,
regardless of how minor, except where necessary to eliminate apparent immediate hazards to the
subjects. Report within 5 business days to the IRB any injuries or other unanticipated or adverse
events involving risks or harms to human research subjects or others.

All investigators (listed above) are required to comply with the researcher requirements outlined at:

http://www.irb.vt.edu/pages/responsibilities.htm

(Please review responsibilities before the commencement of your research.)
PROTOCOL INFORMATION:

Approved As: Expedited, under 45 CFR 46.110 category(ies) 6,7
Protocol Approval Date: April 2,2013
Protocol Expiration Date: April 1, 2014

Continuing Review Due Date*: March 18, 2014

FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposals/work statements to the IRB protocol(s) which cover the human research activities included
in the proposal / work statement before funds are released. Note that this requirement does not apply
to Exempt and Interim IRB protocols, or grants for which VT is not the primary awardee.

The table on the following page indicates whether grant proposals are related to this IRB protocol, and
which of the listed proposals, if any, have been compared to this IRB protocol, if required.

Invent the Future
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APPENDIX B PARTICIPANT RECRUITM ENT FLYER 7 STUDY 1

Hello,

We are looking for individuals to participate in a research study and would like to include your opinions.
If you qualify for the study, you will be invited to participate in a study that will take place on [DATE] in
530 Whittemore Hal. The study will csist of one outdoor session and @meone interview lasting

about 35 1 hour each. The outdoor session will take place on street in downtown area of Christiansburg.
Interviews will take place in the Assessment and Cognitive Ergonomics lab, 530 WhattdaibrAt the

end of the interview, each participant will be compensated for their time by monetary compensation (a
$25 gift card) or research credits. All of your answers will remain completely confidential and will be
used for research purposes only.

For this particular study, we are looking for people who match specific criteria, so | would need you to
meet four requirements so that | can determine yo

- Age- age between 189;
- Smartphone- have owned and used a Smartphone for at least 6 months;

- mobile AR app - have experience on any Mobile Augmented Realitplfile AR app (e.g., Wikitude,
Layar, Google Goggle mobile app, Acrossair, etc.); and

- Consider technology as necessary in thaitydives.

Thank you for considering participating into this research. Your response will be valuable information in
designing a cell phone that is easier to use for older adults and for all individuals.

If you have any questions, please feel freeaiatact me by phone at 5857 7-9153or by email
atna8@vt.edu

Sincerely,
Na Mi

Ph.D candidate

Dept. of Industrial Systems Engineering
Virginia Polytechnic Institute and State University
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APPENDIX C

INFORMED CONSENT FORM T STUDY 1

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Informed consent form for participants of Research Project Involving Human Subjects

Title of the Project:

Extending Situation Awareness Theory in the Context of Urban Navigation Using Mobile
Augmented Redlity

Investigators: NaMi, Dr. Tonya Smith-Jackson
I. The Purpose of this Resear ch/Project

The purpose of this project is to understand how you conduct urban navigation tasks using a type
of smartphonebased application, called Mobile Augmented Reality (MAR) guidance application.
We would like to elicit your thoughts about tasks you might undertake by observing you conduct
conducts.

1. Procedures

If you choose to participate in this study, we will ask you to sign one informed consent document
(this document). Youwill keep a copy for yourself. We will then ask you to complete a
demographic form, which hdpsusto categorize our data to make comparisonsas needed. After
signing the informed consent form, you will be asked to complete a demographic form. We will
ak you to participate in one 1-hourout-filed observation session and 1 hour in-lab interview
session in the Assessirent and Cognitive Ergonomics lab, 530 Whittemore Hall, Virginia Tech,
and attimesand datesthat are convenert for you. Transportation will be provided by the
researcher.

Session 1: Out-field observation session (approximately 1 hour)

In this session, you will be asked to do some tasks on the provided MAR application and the
moderator will ask youto talk out loud while doing the tasks. The moderator will d escribe task
scenarios for each task After the tasks, you will be asked to answer some open-ended quedions.
In the observation session, you will berequired to wear abasebdl hat attached with a small-sized
head-mounted video camera. The observation session will be video and audio-taped.

Session 2: In-lab interview session (approximately 1 hour)

After an out-field session completed, an in-lab interview session will be scheduled. In this
sesson, you will be asked to describe your past experiences of urban navigation tasks in the past.
Then you will be akedto describe what you would do and think in some smulated task
scenarios. The moderator will desaibe detailed task scenarios for each task. This session will be
audio recadedand transcribed by the researccher.

Ill. Risks

Risksto you for participating in this study are minimal. It is possible that you might experience
fatigue or muscle strain of the arm, while you are holding up aMAR application in your task
completion. We encourage you to take breaks atany time.

Virginia Tech Institutional Review Board Project No. 13-236
Approved April 2, 2013 to April 2, 2014



V. Benefits of the Project

You will probably not gain any direct benefits as aresult of your participation, but you have the
knowledgeof having benefitted efforts to enhance theindependence of individuds with severe visud
impairments.

V. Extent of Anonymity and Confidentiality

We assure confidentiality to all participants. However, anonymity cannot be guaranteed, because
we will need to have your signatures on the Informed Consent document. However, this
doaument will bekeptin alockedcakinetfor 1 yearand your name will notbereleagd At the
end of the 1-year period, we will destroy thedoauments. Y our name will notbe associated with
the content of this observation, but you will be assigned athree- digit number to protect your
privacy. Yournumberis___,andthis number isasoon your folder.

All datawill becollected by theresearcher only. No oneother than theresearcher will have access to
the data, unlessit is aggregated first. All responses will be coded so as not to include the name of the
paticipant. The information you provide will have your name removed and only athree- digit
participant number will identify you during anadyses and any written reports of theresearch.

It isimportant for data collection in this project to show videos of your movements, words, and facial
expressions while using MAR interface. At no time will y our name be released, but your face with
blocking will be shown as needed to provide information for interface redesign.

This study is being conducted solely for educational and research pumposes and theresulting data
and interpretations will also be the part of the reseacchersbacaemc work. Consistert with these
acaemic purposes ary resultswould be freely publishable. However, to protectyour idertity,
neither persond nor ingitutiond names nor site names or distinguishing information will be used
in any published works.

VI. Compensation

Compensation for participating in this study is $10.00 per hour, for atotal of $25for an observation
and aninterview session altogether.

VII. Freedom to Withdraw

Paticipation in the study is voluntary and the decision about whether you wish to participate is
strictly your own. Y ou may discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. Withdrawal from the study will notresult in any
adverse effecs.

VIII. Approval of Research

This research project has been approved by the Institutional Review Board for Research Involving
Human Subjects at Virginia Polytechnic Ingtitute and State University and by the Department of
Industrial and Systems Engineering (College of Engineering).

IRB Approval Date IRB Expiration Date

Virginia Tech Institutional Review Board Project No. 13-236
Approved April 2, 2013 to April 2, 2014
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APPENDIX D BACK GROUND QUESTIONST STUDY 1

Background Questions:

1.

Age and gender
Age:
Gender: Male Female

Where do you currently live?

How long have you been living in the current place?

Less than 1 year 17 2 years 27 3years More than 3 years

How often do you go to downtown Christiansburg?
Daily Weekly Monthly Once in 2 or 3 months  Twice in a year

Do you consider technology as necessary in your life?
Yes No

Smartphone Usage
a. What type of Smartphone do you own?
b. How long have you owned a Smartphone? years months

Mobile Navigation Tool(s) Usage
a. What mobile navigational tool(s) have you ever used?

Mobile Augmented Realitynjobile AR) Please specify:

yearly

Mobile maps Please specify:

b. What mobile navigational tool(s) do you often use?
Mobile Augmented Realitynfobile AR Please specify:

Mobile maps Please specify:

c. [If selectedmobile AR
i. How often do you useobile ARapp?

Less frequent than once every 6 months
Every 36 months

Every 13 months

Once a month

Every 23 weeks

Every 12 weeks
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Weekly

i. How long have you been usimgobile ARapp?
iii. Inwhat situation would you usaobile ARapp?
iv. For what activity would you usaobile ARapp?

d. [If selected Mobile maps]
i. How often do you use mobile maps?

yearsr

Please specify:

Please specify:

Less frequent than once every 6 months

Every 36 months
Every 3 months
Once a month
Evey 2-3 weeks
Every £2 weeks
Weekly

ii. How long have you been using mobile maps?
iii. In what situation would you use mobile maps?
iv. For what activity would you use mobile maps?

e. [If selected both, please answer both fields]

Leisure travel activities

Please indicate which leisure travel activity (activities) have you done in the past 1 year:

Visiting afamiliar city/townin US
Visiting afamiliar city/town outside US
Visiting anunfamiliar city/townin US
Visiting aforeigncity/town outside US
Hanging out with friends on street

Seeking for leisure activities on street
Others

yearsr
Please specify:
Please specify

months

months
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APPENDIX E FIELDWORK OBSERVATIO N SCRIPT

Mobile Augmented Reality

Situation Awareness Requirement Elicitation

Fieldwork Observation Script 2012

Participant Profile: Participant Profile (from screener)i Has used/how
long/how often:

- Name: - Wikitude

- Smartphone odel - Acrossair

- Age - Layar

. Gender - GoogleGoggles

. ) . - Others
- Leisure tourism activity

Session:

Location

Participant ID;

Date
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Participant Instructions

Thank you for participating in this study. We have scheduled this session to run approximatelyfichduay | 6 m
going to ask you to demonstrate how you do some tasks using a Mobile Augmented Reality applicatiord | |

also ask you a few questions before and after the tasks. The goal is to understand the way you use such type of

mobile ARapplication,asyowoul d normally do as if 1 6ém not here with

During the session, Il will ask you to do several tasks.
about what youdbre thinking, what yo u.dhiswillheponkbetteg at now,
understand what youdre doing and what youdbr ®onhbBinking

feel awkward or have any negative feeling about anythi
my purpose isonly to understand.Af t er t he tasks, 16l1 ask a few questior
Youdl!|l be wusing a Mobile Augmented Reality app on a pr
involved in the design or development of the d@ppe thing needstobecletré m not testing this ap
Smartphone, but 1 6m more interested in | earning what vy«
with such type of apps, and what you would expect to see or to be able to do with such type of apps. Sotryt

behave | i kdeelfr@ertomovetarolne, tike walk and stop, as you want.

I'tés also important to know that we ar andtheoetisnwsutchc hi ng vy
thing as a wrong answer or silly thoughtam recordinghe session today with a voice recorder and a-head

mounted camera you see here. 1611 ask Rgcording thesessienar t hi s

allows me to review or risten the material if necessary. Please be aware that atiftrenation that you provide
will be kept confidential and only will be used for research purposes.

Do you have any questions before we begin?
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Introductory Questions [5 mins]

[Purpose: This part of the session shouldlearmup section to put the participant at ease and provide the research
with relevant background information about the participant.]

Past Experience

I 6d | i ke to ask expenencasn osingmohslecARapplioation.y o ur
1. Whatmobile ARappdo you use?Pirom screener]
2. How often do you use it?
3. Can you tell me about the last few times you used it?
4. What are the reasons for using tiniebile ARapp rather than others?
5. What are the reasons for usimpbile ARapp rather than other types of navigational tools, such as maps?
6. What types of activities do you usually do by using suoiile ARapps?|f the described activities are
not covered, ask 3 task scenarios: 1) finding a nice place to eat; 2) findingpdecevto eat; 3) trying to

decide what to do next in the nearby region]

Task Identification [10 mins]

Own App + Street Views + Task Diagram

1. [The participant uses his/her own a@Kay. You said you usedraobile ARguidance application before.

2. Could you show me the way that you have used this app before? (Could you describe an experience in
memory where thismobile ARguidance application was used and what it was used for?)

3. What kind of tasks have you ever done usingntiobile ARapp?

4. [Task dagram elicitation]Think about what you do when you do exploratory navigation (i.e. exploration)
on street in a city or a town. Can you break this down into less than six, but more than thrgersieps?
the users do not delve into minute details]

5. [Street Views]|Here are other views of streets. Take a moment to picture yourself into the view. Imagine
you are new to these places. You had planned for t
| 81l show you a v er yacebDescebEe whateyauenight wantitooda in thase plaees?c h  p |
[open 4 Street Views, elicit task scenarios as exhaustive as possible]

Performing Task Scenarios [2530 mins]

Here is another mobile augmented r eaibn[opyn \WkpupeonNeow | et 6
Smartphone and give it back to the participant]l n doing so, youdll be asked to i
youbre |l ooking at and what thoughts are in your mind.

you might need but it isndét there; or what you need is

anything in your mind, you say it.
1) [Explore surroundingslmagine this is a new place to you. You have a plan to come to visit here several

months ago. Before you came out, you have found a good restaurant selling authentic local food. So your
plan was to go to find that restaurant and explore the streetg dilithfter your meal. So you took subway
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and managed to be here, where you thought you were close to the destination restaurant. But somehow you

just couldnét find that place after several tries.
So now you need to find another one after exploring nafa@ut your surroundings. Show me what you

would do.
2) [Find a nearby placeLet 6s say you still/l canot the destinatio

somewhat hungry.
So now you need to find a place nearby to eat. Show me what you would dottefjpldce that you want

to go.
3) [BlockingviewlLet 6s say there is a place called Custard Co
you know itbés around here. But you canét see it dir

Show me what you would do to make decision.

4) [Three quartermiledl et 6 s say you are interested in Crab Creek
about three quarter miles from here. Youdre debatin
Show me what you would do to make your decision.

5) [EnvironmentlLet 6 s i magine now itds ear | ytimefotseefriendima you a
caféshop. He is new to here too so he asked you to pick a place for you two to meet. You want to pick one
place that has a quiet and causal atmagpivh some live music playing in early afternoon.
Show me what you would do.

6) [Customer traffic flow]l magi ne this is a new place to you. Let 6
hanging around here about 2 hours. So you wanted to take a rest anchetiting. You already found a
particular restaurant with a restful environment to have dgme pick one]f o o d . It says itéos

from here. But you concern that when you get there, the waiting time might be longer up to 30 minutes.
You really want to go to that place, but if you have to wait that long, you would rather pick another
restaurant instead. Show me what you would do to make your decision.

7) [Shopping scenariosYou came here to visit one of your close friends, but he just called you he has
something to finish up and will meet you in about an hour. So you decided you want to buy a sports
souvenir for your friend at home. You think it could be a baseballcap witb¥ Ho ki eés bird | og
Show me what you would do.

8) [Activity scenario]lmagine after shopping, your friend has not come yet. He called you he got stuck on his
work and will be here in about another 2 hours. So now you wanted to explore your surrounding more to
find something to do to kill the time.

Show me what you would do

Imagination Tasks [510 mins]

Now i magine that you have fAmagic eyeso6o, fimagic gl asses
through the viewhand the Smartphone with an active camera view to the particDescribe to me what you

would do now, what information you would need to see, hear, feel, etc., and what you expetiithé\R

application can do for you.
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Postobservation Questions [510 mins]

1. Generamobile ARTechnology Experience

1. Based on your experience, how do yoimkiof mobile ARtechnology in general?
2. For leisure activities, what, if any, do you do witlobile ARtechnology to explore surroundings that you

couldnét do other wise?
3. For leisure activities, how effective do you thimiobile ARtechnology is in terms dfelping you conduct

tasks?

2. Particulamobile ARapp Experience (Wikitude)

1. Let me now turn to your personal likes and dislikes about this particular app, what are some of the things
that you have really liked?

2. What about dislikes? What are somethipgsu dondét | i ke so much about this

3. Now I 6d like to ask you about your recommendations
about this app, what would you make different?

Thank you for all that valuable information, isthereanyt hi ng el se youb6d | i ke to add b

Thank you for participating today!



APPENDIX F INTERVIEW SCRIPT

Mobile Augmented Reality

Study 1 Interview Script

10 Oct 2012

Participant Profile:

- Name:

- Smartphone wdel

- Age

- Gender
- Leisure tourism activity

Participant Profile (from screener)i Has

used/how long/how often:

- Wikitude

- Acrossair

- Layar

- Google Goggles
- Others

Session:

Location

Participant ID:

Date
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Overview

The purpose of this interview is to obtain information requirements regardingniabile AR users
conduct urban navigation tasks in different situations in the contextobfle ARenabled environment.

The findings will be used to 1) refine situation awareness theory in the context of urban exploratory
navigation and 2) to inform futumaobile ARprototype design solutions.

Participant Instructions

Thank you for participating in th study. We have scheduled this session to run approximately 1 to 1.5
hours. Please mute your phone during the interview.

The purpose of this interview is to explore the role of mobile AR in your interaction with surrounding
environment in an unfamiliarrban context in general, and how you interact with mobile AR to explore
and make navigational decisions in an unfamiliar place.

The procedure goes | ike this. First, 106m going to aslik
experience of exploringlaces, finding places, and doing these things with and without the help of mobile

AR and other tools. Then 161/ ask you to describe anc
achieve a better performance on some simulated task scenarigs. Lhsb | | ask you some quest

your thoughts and opinions on mobile AR guidance apps.
|l 6m not testing you. |l 6m more interested in |earning

| am recording the session today with the recorder and camera you sdeenerging the sessionl@ais
me to review or rdisten the material if necessary. Please be aware that all the information that you provide
will be kept confidential and only will be used for research purposes.

Do you have any questions before we begin?



1. Background Questions [5 mins]

[Purpose: This part of the session should be a warmiscussion to put the participant at ease and provide the
research with relevant background information about the participant.]

1. Tell me about some receatents and activities that you have done in an unfamiliar place? [Seek specific
examples.]

2. Tell me about some recent events and activities that you have done with the help of mobile AR?
3. When you think about what brought you to the mobile AR the first tiwhat kind of things come to mind?

4. What functions on mobile AR have you ever used?
a. What were you favorite functions?
b. What was it about these features that made them your favorites?
c. When do you find these features being most important?
d. How often do yowactually use each function? [Go through each function on their frequently used
mobile AR app and answer how often]
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2. Past experiences + Knowledge Audit [20 mins]

Okay. Since our focus is about mobile AR. It is to help you explore an unfamiliar fitece,place, make
decisions, but in order to understand how to desighile ARto help you do that, we need to understand how you

do

that without any aid or with some kinds of aid. Webol

about vhat you do first.
Here is a Street View (Time Squares New York). If you have traveled this place before, try to recall the last time

you

were in this place. I f you havenodt, try to recall

place you have recalled might not be as busy and crowded as this view looks. This view is only used to help you
recall and create a feeling of fAbeing thereo. Picture
past experience3. h e n  lydulsdme gugstions about the place. And | know some of the questions may sound
repetitive or overlapping, but itdéds important for me t

your thoughts.

1. Places
1. Have you been to some similalaces? Where is it?
2 How do you define fAexploredo a new place in your own
3. 6 Agetting to knowo a place?
4. é Nnawarenesso of a place?
5. ¢ fiexperiencedo a place?

6. When you say filém familiar with this placeodo, what t
7. Whenyousp i N@Tfamiliarwi t h t his placeod, what things come to
a. Explore = find more information about the place, find more information about a thing, find things

they could buy, find things theyfoecind d see t hat
restaurant in this place, find things they could do, find people they want to contact (talk/see
pictures virtually or in reality)

8. Can you recall a recent exploration in an urban context that you had a strong emotional reaction to? [If yes]

Pleag tell me about it.

2. Decision process

Now

|l etds talk about the decision process that you go |

decisions on site.

1.

[Past & Future] Is there a time when you go to somewhere or some streets likeutkagew where
exactly you were headed? Knew what you can do? Knew where your destination is?
a. Have you planned before you go to a new place?
(What plans have you made before going on the spot, if any, to better help you get to know the
place?)

b. Were thereany environmental cues that help you to know where exactly you were headed?
[Big Picture] Can you give me an examplendfat is the most importaaboutmaking a navigational

decisoorwhen youbre exploring an unfamiliar place?
Probe: And then think abothie big picturdor exploring a new place?

What are the major things in the environment you have to know and keep track of?
[Traffic and pedestrian, signs, time]
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a. What are the major personal concerns you have to know and keep track of?
[Safety, time]

[Noticing] Can you give me an example of experience, where you noticed things going on in your
exploration that others didn't catch? Why noticed that? How about scg@mmnevents, live shows, sales,
discounts for a limit time, etc?

[Task SmartsfCan youthink of an example, when you explored an unfamiliar place, you made decisions
about your future activity arrangement more quickly, lideere you want to go or what you might fdo
future arrangement?

a. Why?

[Opportunities/ImprovisinglCan you think of an example when you improvisedxploringor noticed an
opportunity to explore a destination in a different or special way?
[Street signs]

How about an example when you improvisedniaking a decision on where you want toiga different
or special way? [changed decisions?]

[Self Monitoring] Can you think of a time when you realized that you would need to change what you were
doing in order talecide where you want to o

Can you think of a ti me wbhokimyow exploritjiadlacé?t have a

(e. g., | KEA, i f youdre navi g amobila R what yoa would yow r e ,
do?)

If there is no a specific plan, some people have difficulties making navigational decisions on the spot, like
where to go and what to do, but others decide fairly easily. What kind of thinking did you have in making a
navigational decision on the spot in an unfamiliar place?

a. Inthis process, what particular things were you concerned about?

b. What was happening on strekéat stimulated your decision to go somewhere or do something?

Letédés talk about i f you had a mobile AR or a tool

wo ul

(
d what you have just told me be changed? Now | e

usemobile ARor other navigationabols, what have changed?

1.

3.

[Past & Future] Is there a time when you go to somewhere or streets likgithisjobile AR or some
kind of toolsyou knew where exactly you were headed? Knew what you can do? Knew where your
destination is?

a. Have you ever usmobile ARto plan?

b. Were there any environmental cues augmentetidiyile ARhelp you to do that?

[Big Picture] In terms of the most important things that you mentioned in exploring a new place, if you had
mobile AR or some kind of toolsith you, think ofa time, would there be any changes?

b
t

o =

navi

new

(O
S

a. How would usingg mobile AR affect hat whatdéds most i mportant about

What are the major things in the environment you have to know and keep tumikgmobile AR or
some kind of tool®
Traffic and gdestrian, signs, time,
c. What are the major personal concerns you have to know and keep track of using mobile AR or
tools?
Safety, time
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[Noticing] With mobile AR or some kind of toglfiave you had experiences where you noticed things
going on in youexploration that others didn't catch? What is an example?
a. Isthere anything that you found bging mobile ARb ut you woul dnét easily fi
[Attractions, Like an event, a restaurant, notice of different places or things going on. Hole in the

wall]

5. [Task SmartsfCan you think of an example, when you explore an unfamiliar place, you use mobile AR and
make decisions on your future activities arrangement more quickly?
a. lIsthere any decision that you madeusing mobile ARb ut y ou wo uakedothérwisez asi |y

6. [Opportunities/ImprovisingCan you think of a time bysing mobile AR or some kind of toglgou have
improvised inexploringor noticed an opportunity to explore a destination in a different or special way?
Can you think of a time bysing mobile AR or some kind of tqolou serendipitously found some place
that you wanted to go but you werenét aware of?
[ Don6t give them examples, Normally street signs, h

7. [Self Monitoring] Can you think of a time wheyou realized that you would need to change what you were
doing in order to decide where you want to gaubing mobile AR or some kind of to@ls
a. At what situation in which you wouldse mobile ARo decide where you want to go, instead of
other kind of tots?

8. [Device Mislead] Can you think of a time when you had to rely on experience to avoid being led astray by
the tool?

9. What things irexploring a placenight be different when you have or do not have a mobile AR aid? In
what way? What do you think acaas for this difference, for you?

10. What things in terms dielping you make decisions on where you want tongght be different when you
have or do not have a mobile AR aid? In what way? What do you think accounts for this difference, for
you?

3. Mobile AR: General Usage

1. What role do you think mobile AR play in your exploration when you were at an unfamiliar place?

2. Describe to m¢he physical locatianOn which part of the place did you use it, who was with you

a. Use:frequency, using times, who also dst functions used just by you, functions used by you
and your friends,

b. Difficulties: what difficulties did you have for using mobile ABither experienced or expected
but yet happened difficulties? How did you work around with such difficulties?

3. What strong recollections do you have of particular things that you saw on the mobile AR?
a. Why?

4. Describe for me, if you can, a typical using pattern of mobile AR.
a. When, where, how, (before on site, after using other tools, before using other tools, mgwalki
standing), what (general browsing, having what goals, searching, recognizing things), for how
long?
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[Focusing on using mobile AR, or using other tools, do they explore a place first and then make a
decision where to go? Or they have something to dloein mind first and then with that objective
explore a place on the way to the place?]

5. What things stand out for you from the place that you visited and used mobile AR over the past few times?

6. How do you feel when you use mobile AR to explore an unfamiliar place? Mobile AR ever evoke an
emotion?
[Seek for emotional words]
a. What things that you experienced mobile AR that make you feel XX?

7. Have there been any ways that mobile AR affected yxploeation and making navigational decisions that
we havenét discussed? [If yes] How? Would you el abo

3. Simulation [251 30 mins]

Wedve spent some time thinking back and talking about
your surrounding environment and make navigational deci
imagine yourself being into this place.

Here is a street view of a metropolitan area in Shinjuku, Tokyo, Japan, you can use the mousetaititehis
view on this screen to feel as if you are walking on the street.

I 611 ask you some questions about your view of the pl a
could assist you in exploration and making decisions.

SCENARIO

Now i magine this is your first time traveling abroad al
a central business district, one of the busiest and crowded blocks where most foreigners go for attractions, museums,
parks, entertainménshops, or simply hanging out experiencing the exotic culture. Now you just came out of
Shinjuku station by yourself and you have 3 hours to spend before you meet up with one of your friends. Since you
came here right after onpyoyr beemeater fionidohad,)| iydqué&vees
You know Shinjuku is large entertainment, business and shopping district around Shinjuku Station.

Since that you dondt know t oo much onethdpiaceeAtthio go or wl
mo ment, é.

TASK SCENARIO 1 [exploratory navigation]

You donét have anything planed out yet, but you |know t|
come here. You decided to explore it and discover some popatasmearby, like sights, museums, parks, arts
shops, and bars. You have to decide where you want to go and what you want to do now.

1. Awareness of place

1. How would you describe this street view in your words?
What things catch your attention? Whattithat catches your attention?
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How would you describe your surrounding environment at this point in time?
What 6s your overall feeling?
How do you define your surroundings?

| would be interested in learning about what might be the most important things you want to knoanabout
unfamiliar place One way to describe it is by drawing a graph. [Give the interviewee the blank paper and

pen] |l magi ne youbreienhan®hnghia phpsercobbpduhtke you
things about your surrounding environment, and draw anything you would care about in your surroundings
at this moment. You need to indicat edtownhraetthemfor i s and

me. Just indicate them by any name or concepts you come up with. [Give interviewee ample time to draw]
Now | 6d | i ke you t o italkidthroughitafloowduld.y our dr awi ng

What and where:

A No w likedydu to indicate an area where you would considsua®unding environment
A An area where you would considegarby

o Does it change if youbre not using a mobile
A An area where yowant to be aware of things

o0 Does it changeamobilepRPUDTIr e not wusing

A An area where you woulant to receive informatioan a mobile AR browser.

[Probe on any interesting finding from last Q] I notice that you consider _____. In general, what difference
do you see betweean area where you would considgerarby and an area where you would want to be
aware of things.

Based on what factors, the areas of your description might be changed?

(Is time a factor?)

In this scenario, could you describe what a good awareness of your surrounding environment neeans to y
at this moment?

What pieces of information led you to this awareness of surrounding environment?

(What are some things you might care about at this moment?)

In your opinion, in what way you could get a good awareness of your surrounding envirahhént
moment?
a. Inwhatwayyoucouldknowh at 6 s aatthissmodhent?0o u

b. Inwhat way you couldknowh at 6 s ayownd yay at ¢this moment? (e.g-@oing, upto-
date, soofto-begin activities, live events, sales, etc.)?

If you want to find something to do, first you need to find where you are. How would you locate yourself
on this street?
a. What kind of strategy would you use if you got lost to come back to this area? Such as picking a
starting point, that you could reftr the other reference points.
(What would you do to pick a starting point so that you can get back to this area after you done
exploring?)

b. [Only if maps] How would you make sense the map on you phone in your surrounding area?
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c. (ask at the Z'time) In a digitized augmented reality context, how wouldigcate yoursef

10. [How would you orient yourself? (might not need to ask this question)]
a. How would you find your sense of directions? (This way, or that way) Spatial orientation.
b. How do theyperceive direction? (In front, behind, left, right, that way, this way)
c. (wait) In a digitized augmented reality context, how would géent yoursel?

11. How would you identify the place where you want to go before you go?
12. How would you identify the place hen youo6re approaching it?
a. Choosing a personal preference one. | already know my interest.
b. Doing a visual search task. Where do | find things. How do I find those things.
i. How do you match that place that |1 &dm interes
ii. How do you recognize thatgde? (Anything looks familiar to you?)
iii. How do you find a mall?
c. (wait) In a digitized augmented reality context, how would you identify the place before you go?
d (wait) How would you identify the place when yo
13.Let 6s eseayeVYauwuéd and wal k around. Li ke when youdre s
other shops? How would you identify other alternatives?

a. (wait) In a digitized augmented reality context, how would you identify the place before you go?

14. How do you care about other options you have at thi
searching for parks, would you care about museums?

a. (wait) In a digitized augmented reality context, how would you identify the place before you go?

15.Letimagneyou have your ~@oileagyoucanddveasskand dl infermation as much as
you would |like to have. (Probing) Leté®l go through

Given that you have mobile AR or magic glasses, what wouldingythange?

2. Mobile AR

16. Could you describe the place(s) where you would most likely to use mobile AR to explore the place? You
can verbally say it or draw it on the graph.
Physical locations [l could have interviewee draw me graph.]

17. Suppose | am witlgou while you are using mobile AR. What would | see you doing? Could you describe
to me what you would behave more specifically?
Does your behavior change if locations change?

18. Some people say in exploring a new place, where a lot of things are gothgymjould say they would
care aboutreal i me vi rtual i nformation about things around
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places, attractions, other viewers comments, tweets, the places marked in your social networks, trendy
information, whileothers may not agree with some of these or at all.

agr e

ni

0 |

How do you think? On which do you agree? Dondt
19. In this task scenario, what kinds of things would you expect to know from mobile AR?
a. Features/functions
b. What kinds of things do you count on mobiR for?
i. Whatis that communicated to you?
c. How does time as a factor impact on this? (ample time/under time pressure)
20. If you want this information, how would you find out this piece of information? [Probing on actions]
a. How would that communicated to you?
b. When would you want that communicated to you?
c. Why this information is important?
21. In this task scenario, with the magic glasses, what kinds of things do you wish to have from mobile AR?
a. All that you wish to have, what do you think are the most importaimteresting features?
b. What do you think are the most undreamable features you would want to have on mobile AR?
3. SA elements questions
Youbve mentioned several things. Let me ask your opi
22. What do you thinlof __? [Continue to probe on important items]
Could you describe the items that you just said?
What is this information used for?
Now | 6&m going to ask you a few design features. None
t hought s. But |1 6ve got people tell me itds not wuseful i

said it could be useful in dain situations. Let me ask what you think.

23.1 n this task scenartiiane wd emiog htto o eaispnagim hyaallofengepd le 6 s

d e

youtoseetheredli me vi ews of the places that youbre debati

a. e.g, If you had known about tremospherabout the place before you go to that place, would
you have known?

24. In this task scenario, there is another design feature that could provide projected information, like after 30

minuets, how long the waiting time would be;

How about if you want to go to a series of places in walking distance, maybe a park, therabergrogd

then a museum, the device can tell you where you would be in a timeframe, how well you would enjoy
each one in a certain time period if you decide to go to these three places at a time. How do you think of
that?

TASK SCENARIO 2 [goal-oriented navigation: vague goal]

Along with your walk, you want to find some souvenirs for your friends.

1. Awareness of place [ask: does it change from previous answers in task scenario 17?]

1. How would you describe this street view in your words?
What things catclyour attention? What is it that catches your attention?



How would you describe your surrounding environment at this point in time?
What 6s your overall feeling?
How do you define your surroundings?

| would be interested in learning about what might leertftost important things you want to know abauit
unfamiliar place One way to describe it is by drawing a graph. [Give the interviewee the blank paper and

pen] |l magi ne youbre standing in this conpodamtcti on.

things about your surrounding environment, and draw anything you would care about in your surroundings
at this moment. You need to indicate what it 1is
me. Just indicate them by any namesoncepts you come up with. [Give interviewee ample time to draw]
Now | 6d | i ke you t o italkdthrough itdfloowduldy our dr awi ng

What and where:

An area where you would considegarby

> >

An area where yowant to be aware of things
) o Does it ¢ hanuggamdbileABu 6r e not
A An area where you wouldant to receive informatioan a mobile AR browser.

[Probe on any interesting finding from last Q] | notice that you consider . In general, what difference
do you see between area where you would congigeearby and an area where you would want to be
aware of things.

Based on what factors, the areas of your description might be changed?

(Is time a factor?)

In this scenario, could you describe what a good awareness of your surrounding environment yaeans to
at this moment?

What pieces of information led you to this awareness of surrounding environment?
a. What are some things you might care about at this moment?

[Only if Q6 different] In your opinion, in what way you could get THIS good awareness of your
surrounding environment at this moment?
a. Inwhatwayyoucouldknowh at 6 s aatthissmodhent?o u

b. Inwhat way you couldknowh at 6 s ayownd yoy atdsrmoment? (e.g. egoing, upto-
date, soofio-begin activities, live events, sales, etc.)?

If you want to find some souvenirs to buy, you might still need to find where you are. How would you
locate yourself on this street in this case?
o What kind of streegy would you use if you got lost to come back to this area? Such as picking a
starting point, that you could refer to the other reference points.
(What would you do to pick a starting point so that you can get back to this area after you done
exploring?)

a. [Only if maps] How would you make sense the map on you phone in your surrounding area?

b. (ask at the ?'time) In a digitized augmented reality context, how wouldlgoate yourseff
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10. [How would you orient yourself? (might not need to ask tjuisstion)]
a. How would you find your sense of directions? (This way, or that way) Spatial orientation.
b. How do they perceive direction? (In front, behind, left, right, that way, this way)
c. (wait) In a digitized augmented reality context, how would géent yourself?

11. Among shops, what information would you need to decide where to go?

1221 n this case, |l etbés say youbve decided a shop you w
to go before you go?
13. How woul d you identi frgachinditt shop when youbre app
A How do you match that shop that youdre inter
A How do you recognize that shop? (Anything looks familiar to you?)
A How do you find a mall?
a. (wait) In a digitized augmented reality context, how would you identify the place before you go?
b. wait) I n a digitized augmented reality context,

approaching it?

14. How would you identify alternative shops in your surroundings?
a. (wait) In a digitized augmented reality context, how would you identify alterrettives?

25. How do you care about other options you have at this moment in your surroundings?

15. How would you know your position with respect to these shops?

16. Once you decide,
a. How would you know th@ositionof the searched (shop/souvenir)?
b. How would you knowliedirectionof the searched (shop/souvenir)?
c. How would you knowyou are neathe searched (shop/souvenir)?

17.Let 6s yoaghave your sorhatyoucan bavesasykiadsobinfosnmtion as much as
you would | i ke t o Hioaghthe sarfieRjuestibris hege) [Gatleau@X®1l go t
emphasizing on Q104]

Given that you have mobile AR or magic glasses, what would anything change?

2. Mobile AR

18. In this task scenario, what kinds of things would you expect to know from mobile AR?
d. Features/functions
e. What kinds of things do you count on mobile AR for?
i. Whatis that communicated to you?
f.  How does time as a factor impact on this? (ample time/under time pressure)

19. If you want this information, how would you find out this piece of infaiior# [Probing on actions]
a. How would that communicated to you?
b. When would you want that communicated to you?
c. Why this information is important?

20. In this task scenario, with the magic eyes, what kinds of things do you wish to have from mobile AR?
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c. All that you wish to have, what do you think are the most important or interesting features?

d. What do you think are the most undreamable features you would want to have on mobile AR?

3. SA elements questions

Youbve mentioned sever alsabohntieathydof the tHingstyounmentiamedk your opi ni «
21. What do you think of __? [Continue to probe on important items]
Could you describe the items that you just said?
What is this information used for?
Now | &m going to ask you ahafebéeenddsigaed geh | whrdta bhearyais. None o0
thought s. But | dve got people tell me itds not wuseful i
said it could be useful in certain situations. Let me ask what you think.
1. Inthistasks cenari o, we miigrhd wWieswd nt @ diu myadng by allowngp!| eds d
youtoseetheresli me vi ews of the places that youdre debati
a. e.g., If you had known about tla¢mospherabout the place befe you go to that place, would
you have known?
2. In this task scenario, there is another design feature that could provide projected information, like after 30
minuets, how long the waiting time would be;
How about if you want to go to a series of plaicesalking distance, maybe a park, then an art gallery, and
then a museum, the device can tell you where you would be in a timeframe, how well you would enjoy
each one in a certain time period if you decide to go to these three places at a time. Howhitkyaf
that?
TASK SCENARIO 3 [goal-oriented navigation: some level of goal]
Now you need some information to help you decideg wheth
nightlife nearby, like clubs, shows, theaters, etc.
REPEAT QUESTIONS FOR SCENARIO 2
TASK SCENARIO 4 [goal-oriented navigation: specific goal]
Now | etds imagine itbés 6: 30PM. ltds the |l ast niight be
very popular local restaurant selling authentic local faadled Tai, that you heard before you came here. Ther you
plan to go to watch a | ocal show after meal. So it se
station. But youodre afraid of non batabbe 50 ywatidhetHe
you should go to this place to eat or maybe just find some other places.

Considering the current surrounding environment, the navigation, walking distance, the walking time, the traffic, the

waiting line, thesurrounding, the operating hour of the restaurant, the atmosphere, the location, the rush hour, the

menu, your typical preference, other similar types of restaurants, any other restaurants that may not sell the similar

food.

REPEAT QUESTIONS FOR SCENARIO 2
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4. Closing Questions [5 mins]

Youdbve told me your thoughts and information needs i n
1. Some people would argue that in an unfamiliar city, they would be more enjoyable to explore a place by
themseles without any aid of technology and make navigational decisions by simply checking out places
on their way by following a map, however, others would argue that technology could provide more useful
information about t hi ngsredttakaotvint melyeasiceway sothattheyst ed i n
could experience the place better and plan better. What are your thoughts on it?

2. Tell me about any recent information or news that vy
describe informatior news about mobile AR in general, i.e., technology advances, the new gadget in the
market, etc.]

3. How would you describe yourself as a mobile AR user? Why?

4, This question may be difficult to answethatyolrut | 6d |
imaged mobile AR in helping you explore a place and make decisions.
How do you think you might be different, if you have access to mobile AR as you described?
[Give the interviewee time to think about this.]

Okay. Youodve bAeedhere atteerthoughteor fpefingd you would like to share with me to help me
understand how youdre seeing XX.

Thank you for participating today!
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APPENDIX G PARTICIPANT RECRUITMN ET FLYER T STUDY 2

You Are Invited to Participant in a Study about Mobile Augmented
Reality Interface Evaluation

We are looking for individuals to participate in an interface evaluation study about
Mobile Augmented Reality (mobile AR) guidance application mockup(IRB 13-236).

1 The study will last 1 hour in lab 530 Whittemore Hall.

1 You will be compensated 10 dollars for your time.

Requirements:
1- You must be aged 18-49; and
2- You have used a touch-screen smartphone.

Pl ease contact Na Mi i f youbre interested:
na8@vt.edu

or

540-577-9153
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APPENDIX H INFORMED CONSENT FORM 1 STUDY 2

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Informed consent form for participants of Research Project Involving Human Subjects

Title of the Project:

Extending Situation Awareness Theory in the Context of Urban Navigation Using Mobile
Augmented Reality

Investigators: NaMi, Dr. Tonya Smith-Jackson
I. The Purpose of this Resear ch/Pr oject

The purpose of this project is to understand how you conduct urban navigation tasks using a type
of smartphonebased application, called Mobile Augmented Reality (MAR) guidance application.
We would like to elicit your thoughts about tasks you might undertake by observing you conduct
conducts.

1l. Procedures

If you choose to participate in this study, we will ask you to sign one informed consent document
(this document). Youwill keep acopy for yourself. We will then ask you to complete a
demographic form, which hepsusto categorize our data to make comparisonsas needed. After
signing the informed consent form, you will be asked to complete a demographic form. We will
ask you to participate in one 1 hourevauaion session in the Assessment and Cognitive
Ergonomics lab, 530 Whittemore Hall, Virginia Tech, and at times and dates that are convenient
for you. Transportation will be provided by the researcher.

Part 1: interface comparison

In this session, you will be asked to do some tasks on the provided interface mockups Yo ulé
give answers onthetask card andy o likietimed onthetasks. After the tasks, you will be asked
to fill out 2 questionnaires.

Part 2: design concepts evaluation

After acomparison session completed, you will be asked to evaluate several desgn concefts.
This session will be audio recorded and transcribed by the researcher.

Il. Risks
Risks to you for participating in this study are minimal.
V. Benefits of the Project

You will probably not gain any direct benefits as aresult of your participation, but you have the
knowledgeof having bendfitted efforts to enhance theindependence of individuds with severe visud
impairments.

V. Extent of Anonymity and Confidentiality

Virginia Tech Institutional Review Board Project No. 13-236
Approved February 2, 2014 to April 1, 2014
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All datawill be collected by theresearcher only. This study is being conducted solely for
educatonal and research purposesand the reailting data and interpretations will also be the part
of theresearchersdacademic work. Consgstent with these academic purposes, any results would
befreely publishable. However, to protect youridentity, neither persond noringitutiond names
nor site names or distinguishing information will be used in any published works.

VI. Compensation
Compensation for paticipaingin this studyis $10.00 per hour.
VII. Freedom to Withdraw

Paticipation in the study is voluntary and the decision about whether you wish to participate is
strictly your own. Y ou may discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. Withdrawal from the study will notresult in any
adverse effecs.

VIII. Approval of Research

This research project has been approved by the Institutional Review Board for Research Involving
Human Subjects at Virginia Polytechic Institute and State University and by the Departmert of
Industrial and Systems Engineering (College of Engineering).

IRB Approval Date IRB Expiration Date
IX. Participant& Responsibilities

Upon signing this form below, | voluntarily agree to participate in this study. | have no
restrictions to my participation in this study.

X. Participant& Permission

I have read and understand the Informed Consent and conditions of this study. All of my
questionshave been answered. | agree to participate in this project.

Paticipant sdignature Date

Should | have any questions about the research or its conduct, | may contact:

Ms. NaMi Email: na8@vt.edu Phone: (540) 577-9153
Dr. Tonya Smith- Jackson  Email: smithjack@vt.edu Phone: (540) 231-4119
Dr. David M. Moore, Email : moored@vt.edu Phone: (540) 231-4991
Chair, IRB

Virginia Tech Institutional Review Board Project No. 13-236
Approved February 2, 2014 to April 1, 2014



APPENDIX | BACKGROUND QUESTIONS i STUDY 2

Background Questions

9. Age and gender
Name: : Age: Gender: A Male A Female

10. Smartphone Usage
a. Forthe touchscreebased Smartphone, manufacturer and/or model
b. How long have you owned this Smartphone? y@ars  months

11. Mobile Navigation Tool(s) Usage
a. What mobile navigational tool(s) have yeverused (if any)?
A Mobile AugmentedReality (mobile AR apps(if any)Please specify:
A Mobile map apps(if any) Please specify:

b. What mobile navigational tool(s) do you have on your phone currently(if any)?
A Mobile Augmented Realitynjobile AR apps(if any)Please specify:
A Mobile map apps(if any) Please specify:

c.  What mobile navigational tool(s) have you ugedst oftencomparing to others(if applicable)?
A Mobile Augmented Realityngobile AR apps(if any)Please specify:
A Mobile map apps(if any) Please specify:

d. (If answered question c) Regarding the most often Mualle Augmented Realitynfobile AR) app:
i. How often do you use thimobile ARapp?

A Less frequent than once every 4 months

Every 24 months

Every 12 months

Once a month

Every 23 weeks

Every 12 weeks

Weekly

i D P i D D D

i. How long have you been using tiebile ARapp? yearsr months
iii. In what situation did use thimobile ARapp? Please specify:
iv. For what activity did you use thimobile ARapp? Please specify:

e. (If answered question c) Regarding the most often owwuile map app:
i. How often do you use thimobile map?

A Less frequent than once every 4 months

Every 24 months

Every 12 months

Once a month

Every 23 weeks

Every 12 weeks

> > D P > D
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A Weekly

i. How long have you been using this mobile map app? gears months
iii. In what situation did you use this mobile map app? Please specify:
iv. For what activity did you use mobile maps? Please specify:

12. Leisure travel activities
a. Have you done any leisure activities (e.g., travel to anathentry/city/ town, hang out on street,
try to find a restaurant) in the past 1 year?
A Yes A No

b. Please indicate which leisure travel activity (activities) have you done in the past 1 year:
A Visiting afamiliar city/townin US
A Visiting afamiliar city/town outside US
A Visiting anunfamiliar city/townin US
A Visiting aforeigncity/town outside US
A Hanging out on street (yourself or with friends)
A Seeking for leisure activities on street (e.g., events, live music, etc.)
A Seeking for faces (e.g., hotels, conference buildings, etc.)
A Others  Please specify:

24¢



APPENDIX J

EXPERIMENT SCRIPT 1 STUDY 2

Mobile Augmented Reality (Study 2 Script)

Date

Session: Participant Profile:
Location - Name:

- Smartphone odel
Participant ID: - Age

- Gender

- Leisure tourism activity




Mobile Augmented Reality

SA-Supported Interface Evaluation Script

Overview

The purpose of this session is to compare interfaces regardingrioddde AR users conduct urban
navigation tasks in the context wiobile AR-enabled environment. The findings will be used to 1) help us
understand which one works better in regards to usability and situation awareness (two measures) and 2) to
inform futuremobile AR prototype design solutions.

Participant Instructions

Thank youfor participating in this study. We have scheduled this session to run approximately 1 hour.
Please mute your phone during the period.

The purpose of this evaluation is to compare fourfioi@lity mockup interfaces to help us know which
one works bette and thereby design better interfaces for mobile Augmented Reality guidance application.

The procedure goes I|ike this. First, 106m going to aslik
using different interfaces. These tasks will be presktd you shortly.

As you go through several tasks, 16l time you and r ¢
Al t hough you dondét have time I imit on these tasks, yc
Donét feel awkwprmegat hae feeling about these tasks.
my purpose is only to evalwuate the interfaces, not yoc
fill out.

After completing taskshawnetyheui i andmmd mtcecn ddwmemgali nde g
considering to incorporate into the interface. Some
completely useless. We just want to have your honest opinions on them.

ltds also important to know that we are not testing Y
wrong answer or silly thoughtsam recording the session today with a voice recorder to help me analyze
after the experiment.

Agai n, | 6momot | Hensmong interested in | earning from yc

Please be aware that all the information that you provide will be kept confidential and only will be used for
research purposes.

Do you have any questions before we begin?
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TASK SCENARIO

SCENARIO

Now i magine this is your first time traveling tao
this place by subway, right after you just got here.

This is a somewhat business and entertainment district, one of the busiest and crowded blocks where most

for attractions, museums, entertainment, shops, or simply hanging out experiencing the metropolitan culture.

Now itds 6PM. kingamound te @héck dutithis @lacerantl planning out things that you can probg
do at night. Tomorrow your local friends will meet you and take you to continue exploring the rest of the city

Since you came here r i ght oalfbeenableyodo a littles hmmmesverk abaut thisi
pl ace before youdére on the spot. Also for that r

t his

people go

ably

eason

Tas k s c e nliketofod a résmuraiitdn your walking distance using this mobile app. Using the app, you

just fiteredd own your options to a few Italian and Japa

[Task queries begin.]

Feedbacks on interface (for each interface):

1. Interms of helping you understand your surroundings, how do you thihisahterface?
2.  Which one would you prefer?

3. Isthere anything you would want to change on this interface?

Thank you for participating in the study!
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APPENDIX K EXPERIMENTAL INTEREAIN STUDY 2
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