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ABSTRACT

Knowing the living environmestis an intrinsic part of human developmfantbuilding
self-confidence and meeting social requiremeRtsliferation of mobile devices hgseatly
changed our interaction with the physical environments. The problem for exisilvite
navigation tools $ that it only emphasizes the spatial factopfigring stepby-step route
directions not helps us better understand the pl&cehapproach is inadequate in situatidike
moving to a new city whe people neé to build comprehensiva@wvareness, rathénan a one
shot solution to the problerm thisresearchl propose a view to se®vigation as a sensemaking
process. |  placésensethakinih et ot errgnfoeEss oftmaintainimggvareness
and buildingcomprehensiv&nowledge of the enkdnment. Specifically, this wonlepresents my
effort in represering information that could transform our understanding of a physgadeinto
a vivid placeby taking advaratge of mobile technology amuhline resources.

To interrogate this topic, thisak practiced adilistic set of research methods:

First, | appliedworks in sensenking from information science ithe context of physical
navigation and propodea placesensemaking frameworBased on the existing literature and my
empirical work on satial information representation, | have developed a theoretical framework
that identifieghe core components makingsenseo f a pl ace, such as a per
task, internal spatial mental model, and external environmental informationnphdszes the
role of interactive information visualization and exploration in mediating the relationships among
the above components.

Second, based on this framewosik|popodede mpi ri c
design goal to support placeessmakingby providing not only spatiainformation, but alsehe

social and temporal aspects of the place.
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Third, targetingthe design goal | designed and implemented a mobile application on the
Android platformto facilitate placesensemakindyy integraing multipleonlineresourcessuch as
Facebook, FoursquarBanoramio, and Wikipedia

Finally, results from a field evaluation with8 participants in several weeks slealthe
benefits of our approach in suppoftcomprehensivepace exploration andesfationfrom space
a concept that focusesoreon the objective andyeographical properties of a physical
environment, tgplace a notion that embodies the physical features, individual spatial sense, and

social aspects of the environment.
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Chapter 1

Introduction

Knowing the living environments is a basic survival skill for human lseiRging
physically and cognitively capable of reaching a desired location is a fundamental source of
confidence for living creatures. Mobility is an intrinsiatpaf human development argl
essential to modern life. Finding our way around or being able to navigate our physical
environment is necessary for an easy life. However, modern civilization has complicated our
ability to navigate by building complex arbtditures and city plank1 comparisonour innate
wayfinding ability has not evolved mugNorville, 2005; Silverman et al., 200QYlore than 30
years ago, Passini suggested that navigation is a spatial pr@tdesini, 1977)nowadays, this
problem has become increasingly difficult.

Besides spatial features, as our travel range expands from small towns to the whole
world, quickly adapting to a new environment and knowing-spatial features of the place is no
longer an unreasonable demand. The notidPlatediffers fromSpacefor its recognizable
social meanings in the course of interac{iDourish, 2006; Harrison & Dourish, 199@he
intimate relationships between people and their physical environment make each place unique. In
addition to the geographic characteristics of a space, social, cultural, economic, and political
activity create a dynamic sense of place that evolves over time.

Various external navigational aids have been developed to support us to know the space,
including mag, signageandotherdigital aids. Traditional paper maps are the most familiar
navigation artifacts created and have been in use for thousands of years. With the development of
personal computing, networking, and Geographic Information Systems (Glif| digps enable

mapreaders more interactive actions than paper maps. Features such as zoom, pan, and dynamic
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gueries, provide an efficient and convenient user experience. Online digital map products, such as

Google MapsYahoo Maps, and MapQueate wickly used. Maps on mobile devices enabled

with positioning technology cater to the requirement of mobility and become an inevitable trend
of permeation today as personal computers were ten years ago. It is reported that 33.9 million
units sold in 2007 andow 10% of US drivers and 20% of European drivers own a navigation
device(Sterling, 2008)While maps, in general, provide the symbolic representation of the
environment with spatial context, how to connect such abstract symbols to the real world objects
is still a challenge for many peogl8treeter, Vitello, & Wonsiewicz, 1985)

Though mobile guidancenabled by Global Position System (GRBmsto ultimately

solve the wayfinding problem and emancipate peaplefm fiengagement of t he

(Leshed, Velden, iRger, Kot, & Sengers, 2008)etrimental effects of such electronic mediation
on our sense of place have been observed. GPS devices removed much of the cognitive effort
required to travel between two locatioMgith that, they also removed much of théogment
and fulfillment experienced by many who interacted with maps and the route to learn their way
from point A to Point B. By following the stemy-step direction on the small screen of the
device, an active explorer is actually degenerated into &pdeiower. The problem created
throughsuch cognitive easiness i(BarushhAuvia, RiErevd | e s s
2007) We become detached fraand unappreciative of our physical environmgaipfer, 2007,
Relph, 1976)Empirical research suggested that tlawesly of automatic tools could results in
degeneration in acquisition of spatial knowledBarush et al., 2007n extreme situations, such
habitually mental timeadness may even cause safety concerns. In situations where GPS devices
are out of access, malfunction, or simply give wrong directions, people may not be well prepared
to react to unexpected environmental conditions and find alternative action plans.

Ratherthan view theelectronic mediation as monster, | see the mobile devices providing

an opportunity that can help us better explore the environment througdrigsy of sensors,

of
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computation power, and connection to other information resourhas, this @éssertation work
represents my effort in using current mobile technology to support making sense of a place by

providing information from social, temporal, and spatial channels.

Challenges and opportunities

Sensemaking, a concept first proposed in 19B@svin, 183), was reproposed and has
become a serious field of stu(ilein, Moon, & Hoffman, 2006; P Pirolli & Card, 2005; Russell,
Stefik, Pirolli, & Card, 1993; Weick, 199%)ggered by an information explosion: we need to
find meaning of the world as quickly as possible regardless of the increasing data volume. The
challenge ighe same for modern navigation. Several models have been proposed to capture
sensemaking processes at both the individual and organizationdRegskll et al., 1993;

Weick, 1995) Though varying in details, most of these models agree that sensemaking is an
iteratively engaging process that tries to bridge the gap between observediitioramd

structured concepts (e.g. encoding data with schema, instantiating structure) to form a coherent
understanding. In such iterations, computational tools that provide proper external representations
are believed to facilitate sensemaking procebgeeducing transaction memory, influencing the

level of participation, providing manageable artifacts, and helping pattern recognition, which is
highly desired currentlyfFaisal, Attfield, & Blandford, @09; Klein, Phillips, Rall, & Peluso,

2006)

Despite physical navigation as a direct metaphor for making sense out of massive
information, few researchers approach navigation from the perspective of sensemaking and rarely
have designs been implementeahfirthis aspect. Analysis pfevious workn sensemaking and

navigation design indicates three major challenges where this work can contribute:
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1 Theoretically,no proper model exists for sensemaking in the context of physical
navigation. 8nsemaking, as@ncept or a set of theorstill lacks a widely
acceptedlefinition, which blurs its application boundary. Klein wrote two papers
on what is not sensemakifiglein, 2006)and what is sensemakiagcording to
him (Klein, Moon, et al., 2006)Though currently, there are several models and
many research groups are working on thisge umbrella, they are either too
broad or focusig on textbased information analysis. Applying sensemaking into
physical navigation (referred 8dace Sensemakihg a novel attempt to extend

the sensemaking application area.

1 Practically,when it comes to design, though various mobile applications are
available on the market, not a single application aims to provide direct support
for place sensemaking. Similarly, vast information resources exist online, but
there is little information that indicates what kinds of resources are useful to help
people uderstand the place. Balancing cognitive cost and spatial awareness of
the physical environment in mobile design is believed to@@ious problem
asit will not help building spatial awareness if just providing togaturn
directions like GPS and thesers will not use the mobile guidance if it is difficult
to use or ineffectivéForbes, 2006; Parush et al., 20@@ansensemaking theory
provide the guidance to saguch problerf If the answer is positivéhen in
what way? This work exemplifies the practice of this procedure by apptyiag
derived place sensemaking theories and findings in the structurgdrgitud
concrete design gaaland most importantly, materializitiye design goalinto a
functional mobile application by integrating selective information online

resources.
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1 Empirically, the outcome of sensemaking is difficult to evaluate, even in the
traditional textual analysis domain. No explicit ending point exists in the
sensemaking process. This differs from probsmtving, which could be tested
by the appearance/correctnesshe solution. For example, designs for a
traditional navigation guide that results shorter completion time in searching
tasks could indicate a better support. For sensemaking, the goal of sensemaking
is not welldefined and is evolving as the sensemakiragess continues. This
work adopts both quantitative analysis and qualitative analysis on objective and
subjective data to describe the richness (the true value) of the place sensemaking
process. The functional prototype serves as a test bed, on wisiai saultiple

metrics are derived to validate the place sensemaking theory in practice.

Dissertation objectives and scope

The overall objective of this woilk trying to answer this question:

How to supportii Pl a c e S e ros raohile Bevicegphore speically, in the
case when acquiring knowledge of a place is important (as opfmaazhetime visit), how can
we use properly selected online information, such as salient entities, temporally updated

information, and comments from social network site$elp people create sense of place?

Grounded in the cognitive sciences of wayfinding, sensemaking, and ‘oammguter
interaction, this research advances our understanding of situated spatial cognition in navigation
and informs the design of mobile ngational tools. This researatcluded establishing a
conceptual modeivhich views physical navigation in unfamiliar places for exploration purpose

as a sensemaking proceasd from this perspectivdevelopingdesign guideline®r mobile



navigation guilance. Next a prototypehat instantiates such ideaith a concrete artifadb
support maki n gvasidevelapedénally, thé propotyme @asested and evaluated

by human subjects the realworld.

Merriam We b s tpovides 12whin defiritiona and 38 sedbefinitions for

the nourfiplaceo. Rat her than purely linguistic (e.g. i
aspects (e.g. Anal | over the placeodo), tanam inte
be tracedkoanci ent Greek philosophers, | ike Aristot]l

the place of x is the first motionless boundary of the thing that contéasey, 1993)This

container view of place is too broad as everything is embodied by itself and all the thing we care

about is embodied in the universe. Such a philosophical defirafiplace is not practical to help

us understand the environment. A more methodological definition given by Casati and Varzi

defines place as a region in space having an address, which could be occupied by an extensional
entity (Casati & Achille C. Varzi, 1999Relph(1976 p. 30 emphasized the experiential flavor

of a place by adding the c¢omayewthit Sifilaryjt i med and
di scussi on of GagiaRamanOrtizs&Paatse2004)ormects the notion of

Aipl aced with a small set-tUkemenal pecbhpastavaé@co
in a certain place constitutes the identity associated: placeness gives public space a coherent
intelligible meaning; public space serves as a medium for producing explicit expressions of the

pl ace. As we c &afusi@anentahcencept but impdssible o give any

straightforward definition of it. To constrain the focus of our stlidglopt the defition from the
MerriamWe bst er di cti onary, item 3a: fa particul ar

nice place to visito as my definition of the p

L ywww.m-w.com



The focusof this researcks on investigating proper informationepresentations wit
limited display estate ia dynamic mobile contexThe scenarios of interests here are tlloae
require navigating an unfamiliar physical environment and a rich and quick understanding of
place. This research is not concerned witktime visits to aplacewhen physical guidance is
enough.The activity of interest in this work, physical navigation, is not whether or not arriving at
a named place successfully, but the exploring process. Thus, we care more about how people
differentiateinformation fromthe surrounding environment to make sense of the plaideg an
active exploration, rather than the result of physical moverBgmphysical navigation, referto
the cognitive process that people rely on to develop specific actions plans sidtaizee
througha given environmentJsually, wayfinding refers to finding a named place from origin,
while navigation has a broader meaning, which is the case in this work. Though most of the time,
these two terms can be used interchangg@ledge, 1999; Montello, 2009puring
navigation both internal factors, such as cognitive capabilities and acquired knowledge, and
external factors, such as spatial layout of environment,rg@malationships between objects
(e.g., street naming schema) and navigatioigial, are important to the learning process
Emphasiof this work ison the support of building navigational knowledge by offering

interpretive and nointrusiveinformationon mobile devices.

Dissertation structure

The remainder of the thesis is struetthas followsChapter Zeviews related theoretical works
in sensemaking and physical navigatiGhapter Fstablishes the validity of navigation as a
sensemaking proceby connecting th&ey concepts itraditional sensemaking theory to the
navigation proces€hapter 4derivesthe design goalbased on current technical solutions and

our user requirement analysis, which identifies the gaperehs possible opportunitiéer a
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new generation desig@hapter Slescribes the iteratiyerocess of technical implementation and
user interface design of a mobile application, Proximity Explorer, which is useatéialize the
design goal. Chapter @eports the field evaluation of the mobile hpation practice, which
provides empirical studies to elaborate the framework. Fir@hgpter oncludes the

dissertation work and points out future directions.



Chapter 2

Theoretical Foundation

Understanding theas and empirical results from related fields may providedtmun
guidance for designing mobile navigation systems. This chapter will review current theoretical
research in sensemaking and navigation (the information aspect), and try to find connections
between these two separate domains. Popular models and concepts in sensemaking will be
compared for their assumptions, coverage, and application fields. Empirical studies of navigation
in various contexts, such as virtual and real environments, indootdwaopfamiliar or
unfamiliar, and nale search or return travel, provide conceptual models of how human beings

perform the tasks and thus give direct references for designs.

Sensemaking theories and models

Sensemaking was first raised Dgrvinin 1983(Dervin, 183). According to her,
sensemaking is how people make sense of their worlds by bridging the knowledge gap so that
people can approach progress in time and sf{iz&evin, 1998) To her, it is an approach, or
methodology. This definition is broad in the setis® everything in our personal experience and
interaction to the external environment is treated as sensemaking. However, such a definition is
too general to provide manipulable components that could assist in concrete analysis or relevance
to design.

Later, Weick(1995)studied the phenomenon of sensemaking in the context of
organization levefrom behavior studiesThe sgnificance of this work suggests that sensemaking

not only happens on individual levélalso exists irgroup activitiesand esearchers havalled
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for new designs to support collaborative sensemdb@rguse of itBnportance to group
activities.Resarch has shown that group sensemaking often involves a tgzeomewho

analyze, share, and synthesize relevant informéRobinson2008; Schafer, Carroll, Haynes, &
Abrams, 2008)Pauland Reddy2008)argued the neefdr flexible representation switching

tools to address the gaps in sensemaking between individuals and groups. Qu an¢2088%en
suggestedhat shaed representations among group memhbegimportant to collaborative
sensemaking-or the interest of this work, | will take the perspective that collaborative
information sharing is an important aspect in group sensemaking and not further investigate th
sensemaking work between different individuals.

In addition to this methodological and behavior perspective, some groups define
sensemaking from a cognitive perspective, which is my interest here. PARC researchers defined
sensemaki ng awhicfiihdividualg (or orgamizaionsh gyeate an understanding so
t hat they can act i n a Spchataskoriemdd ddiinitiannadalson f or me d
suggested bilein, who defined sensemaking f@smotivated, continuous effort to understand
connections (which can be among people, places, and events) in order to anticipate their
trajectories and act effectivélyKlein, Moon, et al., 2006)An early paper by Russell et al.

(1993)studies how people learn new laser pringerd defines sensemaking as a process of
searching for presentation and encoding data in that representation with the aim to question
answernng.

Howeveri n contrast to Dervinés gener al embr ace
the scope of sensemaking studies only within the documentation analysis @@athiar, 2005;

Qu & Furnas, 2005; Russell et al., 1988y thus their understanding of sensemaking is strictly
constrained with these settings. For exampl e,

involve searching for documents that are relevant for a purpose and then extracting and
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reformulatingh f or mat i on s o 'Qiand Furngs studiacha topie corapsebedsive
task where participants were asked to collect information for preparing a talk on certain topics
(2005) ATompcehensi vdomihaat$yleoftsensemakingascenamitab studies.
In these studies, either participants are asked to study massive amounts of information, given
beforehand or the participants are asked tecsléct information to learn albban event or a
fixed topic. The participant@re then either interviewed or asked to develop a description of the
learning results without a specified format. In these tasks, the topic should be clearly stated and
the sensemaking equals information segkfiltering, categorizing, comparing, synthesizing, etc.

These definitions of sensemaking vary in scope and perspectives, which raised a widely
discussed question of whatsensemakg and what is not sensemaking, €kjein, 2006; Klein,
Moon, et al., 2006 When sensemaking happened? Some researchers suggest that unexpectation
triggers sensemaking,e. g essemaking is fAthe process by which
understanding in the (Kiem2@)7)orf whendherpisagagof i nf or mat
knowledge, people will begin to learn to bridge the gap, while others believe people encounter
sensemaking tasks everyd@hang, Soergel, Klavans, & Oard, 2008p taxonomy exists for
sensemaking tasks to indicate when and where sensemaking takes place. For example, as
indicated above, most of current sensemaking research investigated tasks that coeddired
using textual analysis. None of them systematically studied sensemaking during physical
navigation.Thus, there is a need to propossaking definition that could include other
application areas and my work will contribute to extend sensemakiidies to a new area:

physical navigation.

! http://Iwww2.parc.com/istl/groups/hdi/sensaking/glossary.htm
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Sensemaking: A tweway loop

Before proposing my working definition for sensemaking, | will review existing models.
For the interest of this study, | will only review sensemaking models raised from cognitive
perspectives.

Two kinds of conventional sensemaking models have been proposeivtopand
bottomup. Russell et gRussell et al., 1993)eneralized the stcture of sensemaking as an
evolutionary process of building (if the observation fits), or modifying (if there are many
6residues6) a schema and encoding the current
developing representations (schema) t@bize information seeking behavior (encoding). This
top-down approach is guided by previous knowledge (such as a schema). The work is one of the
fundamental theoretical works in sensemaking for two reasons: it identified key subprocesses in
creating repremtations for a given task and it suggested that finding the proper representations,
both externally and internally, is critical for the success of sensemaking. In coruttstyip
approaches demphasize the role of a priori representations in guisémgemaking, and adopt a
Aifrom data to wisdomo method focused on inform
knowledge schemat@ckoff, 1989) The strength of bottomp approaches is in the possibility
of new insights and discoveries of structures and relationshipsan dat

However, single direction, either deductive-tigoivn or inductive bottorup, will not
work in most practical sensemaking processes. With the overwhelming increase of information,
most of the time, we search and learn only because we have a clearkyl dgfad in mind and
need to find related information for solutions. In such situation, the intermediation between action
and understanding process happens. For example, when nurses take care of patients, they label
them according to their knowledge butatonfirm their judgment with recursive observation

and reflective thinkingTeekman, 2000)
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More recently developed models argue that neither purddom nor bottorrup
approaches are capable of describing the dynamics in sensenk@kiagampleijt has been
suggested that sensemaking is not awageprocess that encodes information pieces into
existing schemas, but rather a tightly integrated process between searching and st(@iwing
Furnas, 2005; Qu & Hansen, 2008hus, smehybrid approachesere proposed. Researchers at
PARC (e.g.Pirolli & Card, 2005)resented a Think Loop Model for analytical process th
involves massive data in intelligence communities. Theltapwn appr oach starts w
a Asensemakerd tries to establish a reasoning
reject presumable hypothesis; the bottgorapproach startsi t h ihowd when t he se
connects the collected data into hypothesis/theory building. According to this Thinking Loop
Model , Aactiond and @At hi n Koops godsisting mlledtivgmewe nds wi
data and testing hypothesis transitiesn different states, like external data source, shoebox,
evidence, schema, theory, $égure 2-1. Similarly, Klein et al. proposed a ddtame model
(2006)wher e fiframes shape and daaedate tha framdsehangeih e vant
nontrivial ways o0.-yearmesearchopmjestudymglexperiencedandtndvicee e
Information Operation officers sensemaking behavior in given scenarios in depth with transcript
coding (inferences, speculatioasid explanations) and Cognitive Task Analysis me{soeck,
Klein, Peluso, Smith, & Harri$hompson, 2004)More importantly, this model indicates that
sensemaking is actually a clodedp between mental model formation and mental simulation,
which signals that the result of sensemaking is to create a medal that can lead to problem
solving. Thesehybrid models addresensemakings a process involving both finding
appropriaténformationto suit given structures and developing structures based on available

information
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Figure 1. The Think Loop Model for the Analytical Process. In doing hypothesis testing, the analyst operates within
mmltiple nested “think loops” that integrate 3 bottom-np data-driven strategy with a top-down hypothesis-driven smategy. At
awy poinf in the process, the anzlyst must decide whether to accumulate snd collate data and evidence snd assemble it into a
theory or to search for new evidence in support of the hypothesis being tested.

Fmr mrm darnmm b cvwmrmmat e dirmrndid dhams The asaledoaal

Figure2-1 Think-loop model (from(Bodnar, 2005)

Zhang extended sensemaking with learning theories and created a comprehensive model
(Zhang & Soergel, 2009; Zhang et al., 2008)ismo& | i s a combination of
(1993)and Kl ein et al .(2008)ars adusirgutadk/knovgedge avith@utput
updated knowledge. The core of this model is theway hybrid iteration between structure and
data, which happened after identification of gaps. Tasks and existing knowledge influences gap

identification. Theultimate outcome is the updated knowledge in three forms: accretion, tuning
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and restructuringRumelhart & Norman, 1976Accretion means gradual addition within existing
schema; tuning means tailoring existing schema to fit or interpret data; restructuring means
radical change aéxisting schema or new structure creation. Zhang also considers the update
knowledge as mental model changes in front of situated new information. This model is the first
attempt to consider the losigrm effect, e.g. learning and knowledge, rather thmy ghortterm

cognitive activity in sensemaking.

Working definition of sensemaking

Based on existing sensemaking models, especially the extended one, | view sensemaking
asan active exploration process, influenced by existing knowledge and social backgnal,
to create a mental model of the given data by connecting fragmented information pieces
that could lead to efficient action towards given taskdHere, | adopt the broad meaning of
sensemakingvhich include the whole process of searching informatioteipreting and
structuring information (the sensemaking loop), and finally transferring to knowledga
updated knowledgd his view of sensemakingontrass with the narrowdefinitionsof

sensemakinthatonly includes information interpretation

Cognitive perspective of physical navigation

Literature on navigation and wayfinding is massive. | will only cover the spatial
cognition studies that focus on building cognitive maps in real wiinding a named place, the
most common task in physical ngation, is defined as problesolving by Passini1977)and
coined it agiwayfindingd. Completing navigationtaske qui res a persondés abil

constructarepresentation of an environmental setting and pelf into this representation
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(Passini, 1996)In one ofhis pioneer work, Passin{1984a) idertified three stages in

wayfinding:
1) spatialinformation gathering and processing;
2) decision making and wayfinding plaamd
3) decision executing;

In the first stagea navigator looks around f@anvironmental cuet® serveas thestarting
pointtomale a de cilseeahig,ntemectipn, whichshu| d | ead me t o t he
In the second stagthe navigatorwill make the actual traveling plan based on the alpati
i nformation lshauldbent edghte. gn Infihe thisd stagetheer sect i on.
navigator performs the pldiy either by using the real transportation toobgiinteractng in the
virtual world, which results in physical movement. Later reseascfmund that these three stages
could not be clearly segregated asvasfirst proposed. For example, Hay@sth & HayesRoth
disagred on t his or der an dhe prddetermirdton df mcewlse gféni n ni ng ¢
ai med at ac hi, whichisthe fiststage tfigpooaléntsolving proces$1979).
The second stage is to modify and execute the plan according to the actual situation by collecting
environmental information. Montello et 42004)indicatethe development of these three kinds
of spatial knowledge is in parallel rather than in strict order. él@w these three stages still

serve a® helpfulschema for computationally modelingman wayfinding behavior.

For the spatial information needed in the first step, it could be collected in two ways
classified by the perceptive view) can be construed from one standpoirb) needs a series of
views gained from different pointSpatial knowledge collected from the second view is regarded
ascognitive map, a mental structure procgaassini, 1996)or an internal representation of the
physical environmen(iGolledge, 1999)T o | man wused t he h¥48(948)c ogni t i v

This work considered to be a classic in psychology and has beemoitedhan Q00 times. By
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studying the maze behavior of rats, Tolman suggests that animals, including human, form a
Aitentati ve ,k ecormganpiot iofe t he environment by repeat
indicates fAroutes and ppstwhish figalydeteemneswhad n me nt al
responses. 0 He cont r-respdnsedonnettions fortatineals that needato st i mu
build up a more comprehensive understanding of the spatial relationship. Downs and Stea
formally defined the concept of cogivié mapping aga process composed of a series of
psychological transformations by which an individual acquires, codes, stores, recalls, and decodes
information about the relative locations and attributes of phenomengeryday spatial
envi r oimageyr(197%3)

The LandmariRouteSuvey (LRS) model is the classic theory to explain how to build a
cognitive mapThree levels of spatial knowledge in navigation widentified (Downs & Stea,
1973; Siegel & Whe, 1975) a)landmark knowledgés the memory of salient objects for their
particular shapes or individudlgreference; b) route knowledge (or procedural knowleidge)
formed by integration ahese landmarks into a path or a sensorimotor sequerioe mavigator
travek a route; c) survey knowledge is a spatial model of the space formed from many sequential
navigatioral experiencesr abstraction from majearning integrationSpatial learningvas also
describedas a process in which subjects movarfran egocentric (reféng to the body) to a
fixed (refering to fixed external landmarks) and then to an abstract or exocentrici(rgterthe
space coordinates) reference. Then another commonly used way of distinguish spatial knowledge
is: @) sequentl egocentric knowledge gained bfirat-person viewmovementp) survey
knowledge structured by repetition and coordinatldayd et al.distinguished these two
representations as internal peictpa and external perspective with the respect of referpnint
(Lloyd, Cammack, & Holliday, 1995)

A landmark is a salient objectahis used as a reference to help people memorize and

recognize routes, and locate themselves in terms of their ultimate dest{&aticows & Hirtle,



18

1999) Landmarks function as anchor pointsamarbitrary pathTraditional definitions of
landmarksausually refer to an individual salient building that is in contragts background.

According to different perspective of this saliency, Sorrows and Hirtle proposed three kinds of
landmarks: visual, cognitive, or structural landm@r899) The visual salient landmarks often
draw navigatorso attention by i buddingwitlr i ng shap
flashing billboard; the cognitive salient landmarks often have important or unusual function that
makes it stand out from the environment, such as the city hall in a small town; the structural
landmarks have a critical role or location ie tructure of the environment, such as a big
intersection of two main roadsandmark saliency of a feature is a relative property, which does
notdepend on its individual attributes but on the distinctiom attributes of close features

(Raubal & Winter, 2002aJ-or a certain object, the more it possesses these characteristics, the
more it qualifies as a landmark. Another classification based on the location of a landmark
includes choice point landmarks (at the decision ppiptstential choice point landmarks (at
traversing intersections), aoute landmarks, and efbute landmarks (distant but visible from

the route). A more general definition for landmarks does not necessarily require landmarks to be
only dotlike entities Hansen et a{2006)incorporate point, linear, and areal entities that stick

out of from the background as landmarks as long as they serve to ogjaatiabknowledge for
understanding or planning routes in the environments.

To facilitate constructingognitive map, structural repetition should be avoid and
identifiable principle for three dimensional cugsieededPassini, 1996)Landmarks serve as
navigational tools and helps concept organization in wayfin@itantello, Lovelace, Golledge,

& Self, 1999) It is necessary to include landmarks into the design of navigation supports to
enforce the function of landmarks. There are already calls and implation of adding
landmarks into current route directions. For example, Vifgamson, 1999)pointed out that

landmarks should be kept visible at all scales when he proposed guidelines for using landmarks to
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support wayfinding in virtual environments (VESs). Similarly, Steck and M&i@ad0)
emphasized that both glokaid local landmarks can facilitate the decision making process in
wayfinding in VEs. Raubal and Winté2002a)addressethe problem of only providing single
instructions at each decision pobytsupplemering the instructios with local landmark. They
conducted case studin Vienna Austriawhere theyautomatically extraetdlocal landmarks
from a database based on the measures of landmark saliency: visual, semantic, andlstructur
attraction.The instruction wa given by describing thegpppearancef a local landmark which has
a highest value calculated by above parameters. However, this phpaddmessed how
landmarks wer useful but didhot point out why single direction instruction is ffective.

According tothe LRS model, more conscious direct navigation experience leads to more
surveyknowledge while less experienieads to route knowledd&olledge, 1999)In fact,
survey knowledge calme obtained by both direct navigation experience iadiect learning
phasegThorndyke & HayedRoth, 1982) However, repeated exposueethe actual environment
(repeated route knowledge) Wiesult in more accurate and firirvey knowledge than learning
from mapgThorndyke & HayedRoth, 1982) The process of creating a cognitive map directly
from route knowledge is called environmental mapping, while the process of craeatiggitive
map from maps is called survey mapp{hgbben, 2004)Foraonetime experiment with limited
time, the results of two processes depend on fspéasks for the measureme@enerally, map
learning can produce better performance in tasks such as direction pointing and map drawing in a
short time, while direct navigation experience results better in orienting to unseen targets, route
distance estnation and route descriptiofRuddle, Payne, & Jones, 1997; Thorndyke & Hayes
Roth, 1982)

Another distinction related to roukmowledge and survey knowledge are two types of
structures in visual cognition: perspective structure and invariant strGilnson, 1986)These

two structures were derived from thiesr of wayfinding with visionsPerspective structure was
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interpreted as fithe constant \isaal anges praducédrby t he ¢
body mo (Shaihel999) or the perceived persdo-object relationship from an ego
centric perspectivdnvariant structure was information abemvironmentabbjects ofwhich the
relationshipgio not changes the avigator moves, or the objett-object relationship from exo
centric perspectivéSholl, 1999) Exploration is a process to gain information about perspective
structure, while a good understanding of the space requires the invariant structute as wel
Changing from knowledge of perspective structure to invariant structure is challenging.
Computational tools that support such transition could be helpful (e.g. coordination
transformation).

Maps,in either paper or digital formats, are designed froenviewpoint outside the
world, the execentric perspective. Cognitive mapping from maps only will get olbgeabject
relationship. However, when traveling in the 3D environment, a navigator usually needs to
execute the spatial decision by usingthebmdy r ef er ence, such as Ago f
At ur n r i g hnbpréadirfg requires ®nsiddrableognitiveeffort. This expenditure in
effort may be inefficientvhen compared to some welksigned verbal instructioifStreeter et
al., 1985) A dominant causation for such inefficiency is the translation matentriceference
in the map to egocentric reference of wayfinding action. Most verbal direction is given from the
individual sé view point, such as Aturn | eft/rri
pointas wayfinding activities and thus provides more direct affordance for completing a given
wayfinding task. In contrast, the translation from an extemoald to an internal ego asks for an
extra workload on spatial transformation besides the main wayfinding tasks and results in less
efficiencyin map use. To reduce this effect, mobile navigation systems usually allow users to
orientate the mapp with he approaching direction either manually or automatically

(Arhippainen, Rantakokko, & Tdi, 2005)



Chapter 3

Place Sensemaking: A Theoretical Framework

With the help of regular GPS systems, navigating to a destination is hothing more than
reaching a goal, which is normally solvable. Another value of reaching a goal as a process of
problem solvings to enhance the learning experience even though the problem is not efficiently
solved. Many theoriesind studies on navigatidacus on the goaleaching perspective of spatial
problem solvingas indicated aboyéut the contribution of the navigatigammocess tknowledge
accumulations underinvestigatedSensemaking is an essential parthef learning process. The
result of sensemaking, as defined above, is to
behavior.In this chapter, | definBlace Sesemakindyy applyingthe sensemaking theory into

physical navigation and propose a framework that identifies the core components.

Physical navigation as metaphor for sensemaking

Physical navigation is a direct metaphor for making sense out of massiwaatitm.
For example, Dervin uses a central metaphor of sensemadiihgmman beigs traveling through
time-spacecoming out of situations with history and partial instruction, arriving at new
situations, facing gaps, building bridges across those gagds,eat i ng out comes and
(Dervin, 1998 p.p. 39. Asimilarmég ap hor i s t h enfoiimateon searghingdates ng o i n
descr i bes -seasch bebabior aswpicking berries on the §uSB9) According b her
observation of how people search online information, end users begin with one relevant reference
and move through various sources. New information pieces will change the ideas and direction

for the next step in the query (reframing process). Thesseharch result is a collection of
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individual useful references identified at each stage, rather than a final retrieval dataset. The
activity istypical sensemaking with iterativepi-attime nature Ficking berries scattered on the
bushes as finding ate of interest in different places is a typical tourist activity as well.

Information foraging theory is another example using physical navigation to help explain
humandéds information seeking behavior &om foll ow
is equally useful. Pirolli and CaKd995)proposed information foraging theory for information
seeking based on anthropoyj i st sé6 opti mal foraging theory, wh
ani malsdé behavior of food seeking in the envir
similar strategies to seek abstract information (such as online websites) as real food: allocating
their attention to the resources based on the
iinformation scentso that foragers used for Ad
them on a balance of cdsénefit. An assumption of cebenefit is hat people tend to stay at a
place until they consume all the supplies before moving to another place. This theory is used to
evaluate tools that are designed to facilitate information collections. For example, does the
interface proviamrd epoagdntiniutt riini@amoobvi ous ma

immediate needs?

Navigation: a form of sensemaking process

This section will compare the core concepts defined in traditional sensemaking studies
(e.g. document analysis) with navigation preetiT he following analysis highlights the direct
mapping relationships.

First, like typical sensemaking activitiesavigation is a process of mentally
conceptualizing related information into imagery representations. Some previous researchers

already indtated that the result of sensemaking is a mental nfddBl. Anderson, 1996; Gentner
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& Stevens, 198). The mental modés an imagery representation of linked consdiite

pictures thashare the same structure of the objects represented, but in a symbolic manner. A
cognitive map is aabstract, or symbolic, representation of the surrounding envinonbynch
(1960)u s ed Acogni t i vhew imhabjiants interpreheenvipphnaemt witthis

pioneering work on imageabilityognitive majg characterize the way people create mental
pictures which consistof spatial primitives (paths, edges, districts, nodes, and landmarks).
Navigatorsamprove their cognitive mapsith more accuracy and comepeness as they gain more
knowledge of the environmeridowns and Stefl973 p.9def i ned such cognitive
process composed of a &df psychological transformations by which an individual acquires,
stores, recalls, and decodes information about the relative logatil attributes of the

phenomena in his every day spatial environndentL e v i (L$2)suggestethatthe

cognitive mapping process pksa mental copy of sequeally experienced landmarks and
preserves the metric informationtbilandmarks in relations to each oth&ccording to
Johnsor_aird (1983) a mental model works through manipulating internal representation as
symbols to understand external reality. Thesmning process is the derivation or inference based
on currently available information (mapped as internal symbols), or retranslation of new
information (e.g. confirmation). Such internal representations is intrigued by visual imagery
(vision, diagram) opropositional representation (verbal, discourse) and formulized by reasoning.
Thus, his idea of a mental model has same structure of the modeling objects or processes. In the
case of physical navigation, the mental representation of the place, or @gritly ishaped by

the environment itselfTolman, 1948) Another similarity betweea mental moel anda

cognitive map is their power for predictiaiental models differ from mental simulation in that
whether a good model is necessary for a good prediction. A representationally accurate mental
model of the objects/procesgdorman, 1983tould predict better for the subsequent behavior,

but both Johnscehaird and Norman agree that an incomplete, or an inaccurate mental model can
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produce a corre@utcome as long as the user has empirical experience. In navigatiog ha
complete survey knowledge of the environment improves navigational behavior, but simply being
there is good enough for giving directions.

Second, existing models for physical navi ga
stagedearning processyhich occurs in sensemakiagtivitiesas well. For example, the LRS
model mentioned abo®owns & Stea, 1973; Siegel & White, 19&lggests that navigators
first recognizendividual landmark information, as sensemakers identify discrete information
pieces; then navigators learn individual routes that link landmarks along the way so that they can
arrive from one location to another, which is to make a connection amongpifats finally, as
navigators experience multiple routes and form a netikeksurvey knowledge, which enables
them to navigate to places they haever visited. This process is similar to forming a mental
model of information for guiding future behavi

Third, previous knowledge constrains navigatm@haviors in the same ways as prior
knowledge does tother sensemakingtasise o pl e 6 s a s s «wnmaipphnmiemtal s of met a
knowledg may influence formation of their cognitive mapgkink asked childreto plan a city
layout as thg wished (Dijkink & Elbers, 1981) Some children placfarmsin the center city
streets and other children plagaublic buildings on city skirts. Children yoger than 12 years
old, who hadess previous knowledge of whatity slould looks like, couldhardly have helpful
presumable knowledge of what a city should look INavigationproducesan abstract,
imaginary indexing of the original, massive data, to guide future behdgnital representation
of the environment providessymbolic model aagreference that could lead further behavior or
evenhelp to makeredicatiors. In sensemaking, information collection and cue selection could
be highly based on individual preference, or bias. The ultimate goal of sensemakingds to fin

some sort of frame that plausibly links the events that are being explained.
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Finally, from a macraognitive view, the aim of navigation in most of the cases is not
only to find the place, but also to be able to navigate with confidence and engagedneliag
environment, which goes along with sensemaking as a method to gap the knowledge bridge. A
basic purpose ofesisemaking is to reduce uncertainty and cause emotional evanescence, a native
desire of human bein@Vilson, Gilbert, & Centerbar, 2003$uch uncertainty aversion indicates
the preference of lmownrisk over unknown ones. AkeEllsberg paradox suggests, people do
not make choice on possibilities, as expected utility theory indicated, but just choose options with
less uncertainty (e.g. bet on 30 red out of 90, rather than unknown number yeltufv@@uto
maintain high robustness against variafgakov, 2006) Gdting more information to fill the
info-gap results ithe satisfaction of being explainable and sahfiden, this, in turn servesthe
purpose of obtaining pleasure and reducing unexpeectied For example, when an individual
suddenly loses family member she feels depressed and deeply pdiiThen,shemay come to
understanavhy and how this happened. Af@relearnsthat Fer beloved hd severe heart
disease, whickventuallycause the tragedyshe isrelievedandsoothedecause of the
explanatio of inevitability. People feel anxious when they are not sure where to go. Similarly,
navigators make decisions with fAless than perf
chosen, at least, has an obvious advantage compared to other altefrativine view of the
decision maker. It is reported that during emergencesplptend to take familiar routes (the
route when they come jninsteadmaking useof marked exits designed for these situations
(Canter,1980) Anot her rul e applied in emePegmepay sel e
more weight on negative dimension of information than positive ones, whiahyusauses more
attention in normal activitie@Nright, 1974) For example, its reported that in fires, people do
not concentrating on positive aspects of options in comparison, such as the nearest path or less
crowded, but the negative aspect, such as prohibition pfogxiazards sign®zel, 2001) A

more advanced benefit of navigation as a sensemaking process is to engage in the environment.



26

As the scenario presented earlier, interacting with the emmieat consciously and constructing a

mental model of the environment is a social experience of the living environment for a valuable

life journey. Benford et a[2009)defined such a journey through places, times, roles and
especially with iiajtectf@arcyed. fRhlte | é mMiad cedle chsdifigirt
human become more engaged in the environment as indicdtegbidds argument$2007)that it

is the experience of the journey that matters more than the final destination. Such difference goes
back to the difference of problesolving and sensemaking wighdistinction between the

relatively clearly characterizgatoblemspaces of the simple seadtsipe problems and the less

well understood mental representationsnofre abstract conceptual domafigliward, 1983)

Definition and framework of place sensemaking

Based on the working definition of sensemaking proposed in Chapter 2, and the above
justification, | view knowing a plactiairough navigation is a valid sensemaking process and
specifically, | coin a term, Place Sensemaking, and defineait astive exploration process,
influenced by existing knowledge andackground, to create a mental model of the gained
information aboutthe environmentby filtering, connecting analyzing, and synthesizing
fragmented information pieces

As definedpreviously sensemakini a twoway iteration starting from tasks and
existing knowledge and ending with mental models of the informatiainestdior the given task.

A working framework derived from earlier workproposed for analysis purpose, as shown in
Figure3-1. The cognitive processes happened in sensemaking loops are two ways: theupottom
(inductive, data driven) approach includes information selection and cue identification, options
comparison, schematization and integration, while theltapn (deductive, structure driven)

approach includes fragmentation, hypothesis testing, and stratdgingppnalogy and
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inference sit in the middle of these two directions, which is influenced by existing frame and
encountered data. Other than the sensemaking loop, task requirement interpretation, hypothesis

formation, and model construction are also &emponents.

Task
(wayfinding) Task
performance
Existing
Knowledge
Task requirement Updated
interpretation Knowledge

Hypothesis

‘ fragamentation I

F
[
[

hypothesis
testing

strategy information
pplying

cue identification

Epatial Visualization <_2?

Raw Data

(Resources,
Events)

Figure3-1 A working framework of sensemaking

The first explicit investigation of navigation as sensemaking process was done hy Klein

who argued that the lost and recovery stage in navigatioid be treated as sensemaking
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processes based on his study using dermial interviewqKlein, 2007) However, this
investigations constrainedo thelost and recovery stage of the navigation process and is
preliminary in both depth and breadth of the study design and data collection. | will analyze the
similarity in this information process with resg to spatial information acquisition and internal
representation by decomposing the core components as information selection and clue collection,
options comparison at decisiomaking points, analogy and inference, fragmentation and
integration, schemaation, strategy applying, and hypothesis testing.
T Information selection and cue detectidriie most obvious cues in navigation are

| andmar ks. Reorgani zation of |l andmar ks

As mentioned ab ov e beirodiffgrencperspéctivesgMisiiab ncy ¢ «

cognitive, and structural saliend§§orrows & Hirtle, 1999jor different

purposes. The relative property of saliefiRaubal & Winter, 2002a)olds true

in common sensemaking task. For example, contrast of distinctions with close

features makethe landmeks standout while reoccurrence or emphasis make

important means pops out in textual sensemaking.

1 Optionscomparison:An actiorrdriven perspective of navigation could be

making decisions at each decision pgPassini, 1977)Picking the right route at

each intersection from other candidateexactly the case described in

information forage theory: people pick promising gdihsed on their judgment

either from current comparison, or from previous memory. The strategy

originally made by the navigator has an importaergacton their later

performance. Sincexternalenvironmental informatiors overwhelming,

navigators usually only select those instantly useful clues based on their

perception of the task. Several wayfinding strategies have been proposed by

previous studies, especially by atance of Virtual Reality technology. Least
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angle strategy is one of the commonly used strategies for route planning.
According to this strategy, navigator tries to shorten the travel distance by
choosing local directiathat hae the least deviatiofrom the direction of the
target(Homchmair & Rank, 2000)This strategy usualligadsto headingstraight
to the destinatigrwhichwill reducea detour. However, to ensure thane needs
to have a good sense of direction while movingtartthve a comparatively clear
sensef the local networkFor example, when finding waygthin multi-level
architecturespeoplemayapply different strategies baseddifferent situations
(Hdscher et al.2006) The central point strateggvolvesfinding one®way

based on welknown locations within the building he direction strategyvhich

is similar totheleast angle strategis used tahoose the route okest to the
direction of target horizontallfirst. The floor strategys to getto the right floor

at which the target is locateldlis foundthat the floor strategy is most usefulan
multi-level indoor environment.

Analogy and inferencd?eople buill abstract, symbolic representatidn

structure the dathased on the analogsi of familiar, existingnodels.Previous
experience in similar places may help navigation in an unfamiliar place by
providingvalid assumptions of tHayout of theenvironmentFor example,

major shopping centers and train stations are always presumably located in the
center of the city, while airports and shoppmnglets ardypically located in
suburban areaDevlin (1976)found that wives of military personnel, who move
frequentlyto similar places, were bettand quicketo learn new environments.
Fragmentation andntegration: Fragmentation and integrati are employetbr
efficient shoriterm memory in navigatigra phenomenon also seen in

sensemakingn sensemaking, fragmentation reduces the number of information
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pieces to be recalled and processed at each time, while integration combines
these segmesiafter being temporally process&inilarly, navigatorsalsouse
variousstrategg s t o0 segment t he i stfategy suggestso n .
navigator will first segment the environment based on region and start from local
judgment to make the de@dn (Wiener & Mallot, 2003) Contrast this with

fi c 0 ar s eroute planhindmatsydggests that navigatorergratea coarse

plan using higher leels of spatial representatioasdbefore producingletailed
plansfor each subsequestep. Bothof these two strategies support the idea that
spatial knowledge is hierarchically structured and st{@abwn, Kaplan, &
Kortenkamp, 1995)When Bailenson et a]1998) found thatwhenthe origin and
destinatiorare reversed, the navigateill select a different route. To explain
this, they pr op prea@pleahich iRdicates that peopielpliam g o
their route to leave the region containthgorigin as st as possible. The
fragmentation and integration happened subconsciously by appearance of
overload and obvious/subtle connections. Detection of these signs is subjective
and highly contextualized. Such idea of decomposition and synthesis occurs in
routelearning and route integration: navigation depends on associative links
between landmark&uipers, 1982)

Schematizationoriginally, schematization is defined fromfarmation

processing thatvolves three suprocesses: abstraction, idealization, and
selection(Herskovits, 1998)Klippel (2009)defines schematization as the

process of intentionally simplifying a representation beyond technical needs to
achieve cognitive adequacy. During schematizatmpological relationships and
hinge points are the key elentemeserved itonnecting route knowledge or

fragmented local survey knowledge into a complete image of the enviranment
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Finally, we should note thathematization is not a univergabcessjnstead, it

is highly contextualize@reksa, 1999)

Strategy applyingtinked landmarkg¢Siegel & Whte, 1975)andremembering
continuous transformations of overlapping scg@snell & Heth, 2000are the

most popular strategies to memorize ttecision sequence and facilitate route
learning. According to linked landmark strategyhen one landmark is visited

and recognized in a cognitive map, actions towards related landmarks could be
triggered because they are linked on theeseoute. Continous scenes strategy
suggests vivid landmarks are not necessary as long as the navigator remember the
sequence or has triggerable memory by onsite interaction. Sensemaking happens
in situatedcontext though people can plan beforehand, they often canrdd or

not plan every action in a poefined gquence. Instead, they improvisdocal
situations. Navigators need rotgkanning, but also response to local

information, e.gaoneway street.

Hypothesis testingteratively tesing and modifyinchypothess happens in

navigation, especially for exploration purposes. When people have certain
hypothesis, they will intentionally collect evidence for support or rejection. They
set up expectations to see the next intersection or a landmark to confirm whether
we are on the right track. Finding anpected object could be regardes

hypothesis confirmation and detecting the absence of an expected environmental
feature could be considered as hypothesis violation/reje(Sipiers & Maguire,

2008) Inspectinghesurrounding environnme either intentionally or

subcosciously as we travel through the space is a wagcgiiring information

and testing hypothes. Sch testing periods often stadfter turning into a street
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Summary

Based on the related literatures in sensemaking, pagaition and wayfinding
behavior summarized in Chapter 2, this chapter argued that navigation caulloriveof
sensemaking and proposed a framework that niegpsdre components in classic sensemaking
theoriesinto physical navigationOn the one handkarlier researchers have drawn empirical
experience of navigating in the physical worlds to develop sensemaking theories in the abstract
information world. On the other hand, both in
and macrecognitive pespective, making sense with documents and understanding of the
physical environments have many similarities. Hence, | defined place sensemakingctise
exploration process, influenced # existing knowledge andackground, to create a mental
model ofthe gained information about the environmentby filtering, connecting analyzing,
and synthesizingfragmented information pieces | also proposed framework to model how
people get insight of the environment as they navigate around through a lens wiakamge

theory.



Chapter 4

Design Goaldor Supporting Place Sensemaking

This chapter describes the pedeire to derive design gedb support place sensemaking
based on existing technical solutions arsructured stdy thatprovides understanding for
develging mobile applications conclude that to support place sensemaking, computational
tools need to provide information from social, temporal, and spatial dimensions. In each
dimension, | identify the factors that need to be considered, which will beasshiect reference

to identify the information resources.

Existing design solution

There are too many mobile navigation systems to be covered in a single review. | will
only select those with significant influence, or unique characters that are relatecbuld
inspire our design in supporting place sensemaking. Research and applications iravearext
mobile computing and geospatial visualization fall into this category. Mobile navigational aids
havepracticalimpact on useaily life that not oty draws attention of researchebsit also
attract booming of variousommercial products. Thus, available commercial technology and

services related to mobile navigation will also be reviewed in this section.

Spatial information in place sensemaking

Following the primitives of cognitive maps in the environments, | will review current

visual representations for landmarks, route, and surrounding information.
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Visual representation for landmarks

Landmarls, asananchor pointarean important concept in foring mental
representatiaiof the environmentProperly represeerd, such information could efficiently
supportplace sensemakirig navigation. Elias et a{2005)implemenéeda navigation system
basedorad at abaseddpyernideontt egener at i onwereimpledmanted: mar k s ¢
detecing what objects are landmarks from a database and gikante@and only extraictg those
landmarks on this route. However, in their implementation, whether an obgdanigmark or
not is predefined, which is difficult in real practice since different people may regard different
objects alandmarks. AlsoEli a s  adea ohstala@mendent visualization is just set LOD to
models and links different representation of a certain model, which is also difficult for real

working system because it is complex to divide scale levels.

Elias et al(2005)also poposed the following design protosdb make landmarks more

identifiable.

1. Usingcolor to highlight the lancharks;

2. Simplifying the background objects and prasngtheoriginal shape of the landmarks;

3. Mergingthe background objects and separating the landmarks;

4. Reducingackground and enlairgy landmarks; and

5. Assigning a heght to the landmark ardkecreasinghe height of background with

increasing height.

These desigideas tooladvantagef existingtheories in visualization, such as color is
the most dominant factor in visual perception for normal people. However, some of these may not
be propein practice. For example, using color to highlight the landmarks may cause confusion

when users try to match the represented objects with a bright color to the real world boéting
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is usually texturedA similar problem arises fromssigning heightotthe landmarkswhich may

alsopresentonfusion if the change is not well determined.

People tend to pay attention to objects with structural coherence and distinctive
appearancen the screerBy studying the dynamic processing demand for animatlomse
(2003) used animated weather maps and agia@ticipants to predict future meteorological
patternsTheir results show that animation andistgtaphics share the same vispatial
characteristis. Theauthoralsoclassified three types of chagyin animton: form changes
(Atransformati ongd@)n,s!lmdsdiotnisdny ,chhaammdgesnc(lfisi on ¢

appearance/disappearance).

As seenliteratures suggeshe design of navigation systems provide proper landmarks to
help users internally comptualize the environmertiowever the relationship of salient object
selection with the represented environmental f

studied.

To identify what salient objects people may need and what environmentaéfeatake
relevant objects stand out in different scales, | ltaveluctedan experiment on subjective
feature selection in an environmental exploration task with 42 participants. Participants marked
and ranked the objects that they considered most helpfulaps of different environments with
different scales. The results show that ptike landmarks (e.g., objects with distinct appearance,
intersections) are the most selected spatial references in wayfinding, though degree of preference
varies by map séa and environmental features. The results also show thdikeneandmarks
(e.g., streets with distinguishable features, buildings exhibiting linear paieensyjardednost
valuablein wayfinding tasksThese resultdeepen ouunderstanding of lamdark selection on
small screens and providesign implications for mobile navigation systefst the details of

this study, se@Wu, Li, Klippel, & Zhang, 2012)
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Visual representation for routes

Directional guidance can be given in eitpectorial format, such as maps,\eerbal
instruction, such aSPS. By following the guidance, users waontinuouslyto keep track of
where they arand findtheir locationon the navigation aid to use the toolseferencesThese
two formats mayproduce different resultsn helping wayfinding performance. Researchers
suggesthatpictorial guidancedcilitates the formation of survey knowledge better, while verbal
description &cilitates theformation of routeknowledge(Tversky & Lee, 1999)De<riptive
instruction does not work well on maps. Map readers rely on visual memory to learn and retrieve
spatial informationKullhavy et al.(1983)havecompared three versions of mafextonly, text
with mimetic symbols, and text with geometric symbols, in a recall task. Their shsuedhat
subjects perforied better wth text plus mimetic symbols geometric symbols than teghly
maps.In scenarios where the main taskjuiresconsiderableisual occupancy, such as driving,
verbal ascription is desaiblebecausét does not require users to allocate limited visual attention
to the guidanceAudio recordings o¥erbal instructiorare moresffective and efficienin terms
of trawel distance, travel time and number of navigation errors, for guiding driving in an
unfamiliar environmen(Streeter et al., 1985)

With theproliferation of GPSased mobile navigah units,stepby-step directionare
the most commonly used verbal descriptionanigation support. Sudatirectiors can largely
reduce workload of drivers and efficiently help peofahd their wayHowever,over automation
causes concern of taking th@inacto® theh u ma n  n aoutiofgha ¢tontrol lodp(Parush
et al., 2007)It deprives the decision making stage in wayfinding pro¢éssr$reliance and
trustonthe automated guidance coutucethe subjective monitang of the systends
performance and rekun poor situatioal awarenesdf automation fails, users who lose the skills

may be impossible to takever the task
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Parushet al.(2007)carried out an experiment &virtual desktop worldThe task wa to
find out a target in a foestorybuilding. The experiment testégo betweersubject factors:
continuous/byrequest position indication, with/without orientatiorizpes. The position
indication wa ona 2D overview map with a current positiovark. The orientation quiz asked
the subject to indicate his current position on the"#p. Each participant complet&@ trials in
one d these four conditions. There wan extra trial without any position indicator to test the
transitional effect at the end of the experiment. Excess distance, orientation quiz performance,
and judgment ofalative direction after the experiment were used as measurements. Results show
that wayfinding performandgneasured by excess distanconsistently better in conditisn
wher e t he qordimubus mositiomas indicdtedHowever, the excess thsce andhe
number of time that a participanmequess their positiordecreasewith more trials suggesting
that participants acquire more spatial knowledge and need less assistance in the process. The
performance in the orientation quizzes also imps@a&a function of wayfinding trials. The extra
trial in the final confirms the hypothesis that performance degradation will happen when
automation navigation disappears. With both position indicagiquestecnd orientation quiz,
participants shoedthe highest level of acquired si knowledge. This paper providse
importance of direct and active experience in effective spatial knowledge acquisition and suggests
two strategies to keep the users in loop: providing position indicator only by reqdestkamy
orientation ocasionally.

Admittedly, it is unreasonable to add this laborious enforcement all théaime
occasional navigators, bas Paruslet al.(2007)suggest that maybe important for some
professionals, such as takivers, military personnel, pilots, search and rescue operators, etc. For
them, it is not jusan exerciseacomplete this task but should be arféag experiencesupported
for further work. In the case ahemergency, professional rescueezd to enforce the lortgrm

retention and performance rather than just finish this one. To keep their own positional awareness
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and increase thiistorage strengthas well adiretrieval strength(Bjork & Bjork, 1992)is critical

to their future success of their duties.

Visual representation for surroundings

Route Aware Map§Schmid, Peters, & Richter, 2008)a combination of providing only
route information and classic maps that present global information uniformly. Design of such
maps is intend to help navigator recovering from lgsshiowing the alternative route at error
prone intersections, the regions along the route and essential landmarks. Implementation of Route
Aware Maps starts from the route itself and provide alternative routes at intersections that may
have two kinds of abiguity. The first one is local ambiguity, when an intersection has multiple
outlets that heading to the same direction as the route indicates. The second is global ambiguity,
when other similar intersections occur before or after the relevant decisiin@obreme
Analysis(A Klippel, 2003)is used to determine the degree of ambiguity for each intersection.
Regbon is an important conceptualized object in spatial recognition. Wiener and Mallot
(2003)have identified other thaime-space baseplaceconnectivity, navigation strategies are
based on regienonnectivity as wellTheir experimental investigation virtual environments
suggests that regions are perceived and encoded in the xlgrgtage of exploration and regions
serve as a higher level object in the hieratical structure of the (M&eaer & Mallot, 2003;

Wiener, Schnee, & Mallot, 2004)
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Figure4-1 Route Aware Mapsrom (Schmid et al., 2008)

Another approach to address this contmnitext issue is applying different scalkes.
contrast to conventional maps, whicave uniform scakeacross the whole map, usage of
variablescales can enlarge area of interest witrger scale while keémg the surrounding areas
present in themallerscreen. Harrie et al2002)demonstrate this idea by usiafisheye view in

the GiMoDig project, as shown Figure4-2. To avoidtheclustering problem on the edge,
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Rappo(2003)further simplifiedthe objects represented with radial generalization from thercent

towards the surroundings.

Figure4-2 Variable scale mapfrom (Harrie et al., 2002)

Social information in place sensemaking

The knowledge of a place is socially constructeglindicated earlier, place has been

definedinhumat o mput er i nteraction (HCIj)so@dak fia space

meaning, convaions, cul tur al under st andi ng ¢Hardsbm&u t rol e,

Dourish, 1996p.3. A What begins as undifferentiated
better and e n@uwan200ip. GWHumam expeari¢énesmdassociate social
attributes arethe main cheacters to differentiate place from space. The general social and
experiential concept in building the sense of place has a long history. Throughout the years,
various metrics to measure the sense of place have been proposed by human geography,
environmendl psycholog, and landscape architecture, such as place attachment, place identity,

place dependency, and place meaning. As some of these concepts requeetaegidential

spa
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interaction with the environments, the analysis here focuses on place meddtg;ould ke
devel oped qui ckl y iwithd@reaticlaadscapes ar intenseeerperigricesc e s 0
(Tuan, 2001)Steele (1981) treaplace from the point of a landscape architewdbelieves that
pl ace is fAcreated bwhath pesondrngstoilbnother wardsiboisomed wi t h
degree we create our own places, they do notexis n d e p e nSteele, 1981p.9). u s o

Currently, aghe amount of information exponentially increases onlirepfe are
connected with powerful personal devices to create a virtual community beyond the physical
space. With the maturity of spati al i nformatio
understanding and pervasive connectivity, theegiiend tovard information sharing among
individuals. The vision of ambient intelligence and ubiquitous computing that incorporates
sensors, human actors, and social keolgk infuses novel experiesderto aplace. Mobile
computing allows users to engage in actgtin different physical locations even though they are
not physically present, to access resources specific to the location, and to communicate with
others.

Social navigation, a concept first raised by Dourish and Chalib@ggl) wasdescribed
asi movement f r oatherdspmvoked as an attifact &f the activity of another or a
group of others... moving O6towardsé a cluster
have been examining them would both be examples of social navigatiohh e or i ani nal de
of social navigation was clearly associated with spatial navigation as it was first examined in
virtual reality, where the decision that some information might be interesting as a result of seeing
the clustering of likeminded individuals around it. la familiar realworld situation, similar
exploiting pattern can be observed as well. HCI researchers in Cornell University extends
Dourish and Chal mersé work and proposed soci al
Specifically, they developed Mohiilfys(Cosley, Baxter, & Lee, 2009)a webbased application

on an iPod Touch usirgClYU JavaScript Library, to integrate social tagging iatart
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museund space. MobiTags presents social tagging of museum objects, interactive mapping, and
extra information aboudrt objects to allow museum visitors to make sense of and collaboratively
explore the displayed artifacts. They examined how space and social tagging influenced
navigation and experience in a public space by
reaction to the art, which could be used to enrich further museum visits.

Online social network information can inform navigation design in three Wags;
friendScomments and visiting history can influence udtesrel plans. gidies in social
influence suggests that peof@®pinions and behaviors can be swung by otfiéamndl, 2006)
With increasiig online social interaction, network members influence each &loginions by
sharingcomments and reviews.nlike reviews generated by strangers, comments and visiting
history from peoplevithin o n esécil network are consideratbre trustworthyThus users are
more likelytomodi fy their behavior to br iFRogexampleem cl| os
large scale data shows that people tend to have close friends who live in the same geographical
regions on their online social netwqi&ackstrom, Sun, & Marlow, 2010)vhich suggests it is
quite possible that people may find usdébdali nf or mat i on from their frie
Secondto some extenpeoplds aggregated, explicexpression of their physical presence can be
used agneasurements of the physical plateenumber of chedclins reflectsthereaktime
popularitycrowdednessof a certain placéespecially true for entertainments venues like bars and
restaurants whichcannot be reflected iatraditional tour guideAmong various Locatiofased
social network (LBSN) mobile applications proliferated, Foursquaaevigely adoptednewith
10 million registered users (as of June 2011) and 3 million chreclaily(TechCrunch, 2011)
User s -iicchetcdk share their | ocat i ahhistborpThirdser endi p
virtual indicatos of physical presence bridgaline social network with real world lifevhich
may expose potential conversati®ar interactions among tHéurkero and thefblabbeb. Pultar

and Raubaf2009)show that new real world connections are created through LBSNs based on
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their study of CouchSurfing, a social network for exchange liodging between travelers cross

the world

Temporal information in place sensemaking

All activity is enacted in space as well as in tiBardram & Bossen, 2005)istorical
events are important for understandihg current situation and predicting future developments.
Such understanding and predics@an be used tmake informed decisionsPeople are attracted
by dgnificant and/or interesting evertts make decisions on whether to attend event to pursue
furtherinterestslt is quite common nowadays that peolglave traces of their attendance
electronically such agieor e f e r e n c ehdckinow e eotr sgentaggedphatas orweb
sitesor through mobile phoneBy mining such digital record®lated tahe presence of people
in different placest different time one can discover interesting facts from the modern history of
placesFor exampleAndrienko and Andrienk¢2010)proposed suite of visual analytics
methods for deting and reconstructing events by conibf geocomputations, interactive
geovisualizations and statistical methods to enable integrated analysis of the spatial, temporal,

and thematic components of the data

Context-aware mobile computing

Empowered by various types of sensors and connectmibile devices can detect the
contextual informatiomn reattime and infuse the online resources into the spot. In this section, |
will review existing works that leverage such power to provide information other than traditional

guides that emphasizeatjal information representation.
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The notion of context awareness is relatepla@e sensemaking@he general idea of
context is surroundings, the surrounding that defines a place where people can do certain things
but cannot do something tacitly. Howeve as Dransch i ndicated, it
since there are too many dimensions and param@&sansch, 2005)Sarjakoski and Nivala
(Sarjakoski & Nivala, 2005)resnts a framework to embody various factors related to mobile
navigation context besides location, such as time, purpose of use, physical surroundings,
navigation historyanduser/cultural/social elements. Some contaxire systems developed to
support naigators perform properly in that time, place, state of people, and the physical

surroundings.

When one has accessmassive spatial information, what should be presented and what
should not is the key issue. Providitig proper amount of information the first step to reduce
processing workload and help users focusing on crucial data that may help them understand the
main features of the environment. Schematized maps are developed based on cartographic
generalization and cognitive adequacy witbaim of simplifying information on maps so that
mapreaders can quickly get the main topological relationship of spatial objeersptes of
schematization procedures and algoritimage been proposéd convertnormal cartographic
mapsinto schematic mapss seen ifBarkowsky, Latecki, & Richter, 2000$0ome basic
schematization principles are summarize{Meilinger, Holscher, Buchner, & Brosamle, 2007)

as shown irFigure4-3.
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Schematisation principle
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Figure4-3 Selected schematization principlé&®m (Meilinger et al., 2007)

In fact, back in miel990s, CyberguidéAbowd et al., 1997jirst adoped such schematic
black and white maps with related information for predefined for navigation in indoor and
outdoor locations, shown Figure4-3. Though primitive in data collection and representation,
Cyberguick is regarded as the first attempt of supplying related information based on mobile
deviceds current |l ocation. The maps are static
information inabrowser instead of individually installed application, GUIpBject(Cheverst,

Davies,Mitchell, Friday, & Efstratiou, 2000% one of the examples that adopts seolient
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infrastructure with wireless LAN to provide geospatial information for tourist pug@ise
LancasterUK, seeFigure4-5. Thisdesign employs multimedia information such as pictures and

verbal instruction.
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Figure4-4 Cyberguide interfacdrom (Abowd et al., 1997)
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Figure4-5 GUIDE interface from (Cheverst et al., 2000)

However, survey knowledge and route knowledge gained from such schematic maps are
constrainedMeilinger et al., 2007)Sacrifice of Euclidean distance may result in less accurate
mental image of the environment, which may be necessary when accurate estimation of time and
distance is desirable.

Another disadvantage of du schematic maps is the cognitive workload since users have
to bridge the perceptual gap between abstract representations on the device-wibhlideal
objects. Some navigation designs are designed to increase richness of the representation, e.g. the
street view and satellite view @éoogle MapsThis kind of design aims to reduce the workload in
connecting symbolic representation on maps to the real objects in the world, which is one of the
main challenges for ma@ading. Some early attempts alreadyudel 3D models on mobile
maps. For example, TellMaris developed by Nokia Research Gimnégr, Elting, Laako, &

Coors, 2003¥tores 3D models of Tonsberg, Norway locally. This prototype was designed to help
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boat tourists find locations of interebi.their evaluation, a laptop with 800*600 resolution

display running a mobile phone emulator is used to awvagpatational limitation.

Figure4-6 TellMaris interfacefrom (Kray et al, 2003)

Later, a seds ofstudescompared 2D and 3D representations for navigational tasks.
Oulasvirta et al(2007)construceda working model of situated interaction for mapping problem
by comparing 2D and 3D maps. They asked particitarpoint the correspondent objects
between vitual and real world, thecomparedhe source of orientation (from virtual to real or
reverse), representation of maps (2D vs. 3D), task scale (proximal mapping to recognize a target

from the immediately perceivable surrounding vs. remote navigationgbeidto find a target
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in outof-sight areas). Measured by wayfinding performance, verbal protocol and subjective
workload reportTheir results show that 3D is superior to 2D maps, especially in remote
navigation tasksThe model that establishesnnectbn between the source environment and
target environment is presented. In this model, users identify 'cues' (a perceptual entity used to
establish the connection) in the source environment, encode it, match it with stored representation
in mind and search in the target environment. This loop can be itinerated thsiuser
swccessfully makethe connectionThe authors indicate thatobile maps should provideaps
with different dimensions
Some other studies suggest that 2D still results in bettégaigon performance. For
example, Dilemutt{2005)has compared aerial photos with simplified maps for pedestrians with
a handheld computer in rodtell owing tasks The results show thatore generalized map results
in quicker route completion and fewer navigation exror
Simply comparing the results is not fair for the effectiveness of 2D and 3D representation
because the difference in interface seting task requirement. However, from these studies, we
can summarize their differences in three aspects:
1 Alignment of representation and the represented space: 2D map readers need to
transform or rotate the representation to correspond the objects onontiags t
objects in the world, which needs mentapbysical effort.
1 Spatial updating: 2D mamould provide better references for users to update
their location avareness at different span level, while 3D sw@lpow users tde
better awaref their current location.
1 Focus and context: 2D maps provide informabtf both objects and its
surrounding areas, which facilitates users to recognize the landmarks and
understand the relationship, and thus helps nmgpgnd orientation in

navigation
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Selecting theroper representation for the corresponding task is still a challenging
guestion(Oulasvirta et al., 2007 rom a recent observation, Oulasvirta e{2009)get the
general conclusion that 2D maps lead users to use reliable keierdiet names and crossings
while 3D maps could assist rapid identification of objects anecegtric alignment.

Datarich multimedia and 3D transmissisrequire high speed netwathat haveéss
constrains nowin 2001, the LoL@ projec€Gartner &Uhlirz, 2001)developed a prototype for
tourists in inner Vienna usirg3G network. Universal Mobile Telecommunications System
(UMTS) is used for magervice. Map size could be adjusted automatically to fit the screen size.

Realtime location is the masmportant factor in mobile service for navigation. Location

Based Service (LBS) provide informational sergibasedomu s er 6 s current | ocat|

themobi l e networkodés identification of detoice
erable location and orientatioaware in mobile devices, such as mobile phones with integrated
GPS chips/AGPS and compass, with acceleromds@sed tilt sensors (e.¢phone). Most LBS
assumes a stable connection to a server, while in fact, there iSext pschnical positioning
solution for this. For example, the most popular GPS only works outdoors with vast enough area
where it can get satellite signals. Compasses and accelerometers based on electromagnetic could
be severely interfered with otheeaby electronics. Wireless LAN is limited because of the
current wireless coverage andytipoorly overlap. Positioning base on cell tower triangulation
(http://searchengineland.com/epthonetriangulationraccuracyis-all-overthe-map 14790)
seems to be pmaising for its comparatively wide coverage, but the position accuracy still
depends on the density of base stations. For a full comparison of different positioning techniques,
seehttp://www.gpspracticeandfun.com/positioningsystems.html

Interaction with the physical objects is another aspect of ceatexite design. Numerous
researches in tourist design focus on this aspdatnteris et al(2008)compares selected tourist

guides (some of thenht mentioned earlier) from the perspectives of architectmformation

t

e

I


http://www.gps-practice-and-fun.com/positioning-systems.html
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models, network infrastructure, positioning technology, map technology, input/output modality,
and unique services.

When the major task is important compared to learning the environment, such as driving,
current designs for iehicle triedto minimize the cognitive load by providing turby-turn
direction, as shown iRigure4-7. Tomtom announced IQ Routes techniques to calculate shortest
route calculated by the retine speed otheroad, which maye influenced by traffic situation

(http://www.tomtom.com/whytomtom/topic.php?topic=5&subject=3).

13"
202267 30™"

Broadwa

Figure4-7 Tomtom GPS GO520 interface
According to Mil gr amilgram &AKishirto,UL994)bhiegts c ont i nuun
represented in any particular display could be mapped onto an axis with one end as real
environments and the other end as virtual environment. For those environmentshgreated
combining the twpthe mixed information may facilitate the understanding of realdiby
leveraging virtual computational power. Recently announced 3D GPS Mapping systems by
Gizmodo is designed to better provide the connection of abstract representation with 3D
landmarkd Augmented Reality (AP) puts tligea ofusing3D objects intdhe extreme
Augmented reality mixes the real world witke virtual world to enhance the experience in a

uniform representation, which can redticesplit attention effec€Chandler & Sweller, 1992)

3 http://gizmodo.com/345907/3gs mappingto-cometo-us-at-last



http://gizmodo.com/345907/3d-gps-mapping-to-come-to-us-at-last
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Recently, Mobilizy anounced Wikitude Driveh{tp://www.mobilizy.com/drivg. Wikitude Drive
is a mobile AR navigation systewhich overlays pointo-point directions on a camexégew,
without the need for maph.has integrated voice command, like nhormal GPS, and now are

avalable for most mobile platforms.

Figure4-8 Wikitude Drive previewfrom http://www.flickr.com/photos/wikitude/38738823/in/set
72157622416440954/

Mashup applications and information integration

Information overload is significant on mobile devices considering the small screen, the
cumbersome interaction, and the moexistngg cont ext
integrated units of technology, glued together to achieve new functionality, as opposed to creating
that funct i on al(HatmannfDoarley, & Kfemer,22@0B) anaskup design
resolves information overload with tailored services. iGoogle and Netvibes are examples of

existing products on the desktop.


http://www.flickr.com/photos/wikitude/3873848623/in/set-72157622416440954/
http://www.flickr.com/photos/wikitude/3873848623/in/set-72157622416440954/
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Studies through interviewsiggest that users desire mashups both on the desktop and
dashboard design smgregate informationyhich provides inspiration to oapproach to ground
explorations inta unified platform PROTEUSC. Anderson, 2001 a mobile version of
Montage, a desktop appligat which consolidates information from different web pages based
on user preference and interactions. More recently, both researchers and practitioners have
created mobile fisocial dashboardso that combin
single application(e.g.Cui, Honkala, Pihkala, Kinnunen, & Grassel, 2010; Sohn et al., 2010)

For example, Linked Internet WCui et al., 2010aggregates social events from various social
networkingservices in a hub, and links to the original service through hypertexts. Users can
navigate to different information resources Wwi
i b a cThedurrentvork contributes to this body of research by extendingdéa of

information integration into spatial navigatiorhis is usefulvhen users need a unified solution

as they havémited time andesscognitive resources to switch between multiple specialized

applications in order to get a coherent idea of theiirenment.

Google Place exemplifies the idea of information fusion by integrating contact
information, address directiors, reviews, photos, opatinghours anda link to theofficial
website (when available) into a single application, which provideséime shop for such
information. This app ithemostrelevantto our research. However, the design of Google Place
does not provide personalized information about space, which is critical to establishing personal
connection with space in place senseimgk

Dietze et al(2009)proposed using Semantic Web Services (SWS) to address the
contextadaptation by enabling the comprehensive semantic capability descriptions. They defined
Mobile Situation Spaces (MSS), which describes theilmgliuation as members in geometrical

vector spaces and compathe similarity between situational contexts through Euclidean
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distance calculation. They exemplified this idea with a-vafed prototype, which allows users
to visit the potential point dhterests for its historical facts.

Tomaszewski and MacEachr&010)proposed a framework to support sensemaking of
documentsn crisis mamgement and humanitarian rehleith geographical, historical, and
thematic contex Their framework, called Gedistorical Context (GHC), has three suindels
(geographic, historical, and conceptual/thematic) in different forms as per the ideas of locality
(different view on the same world) and compatibility (interconnections existing with varying
degrees of detail). Gemaphic, historical (temporal), and thematic cover the aspect of information
source, while locality and compatibility describe the range of information needs in different
contexts. Context, as a formal structure for reasoning, is based on "local" facsd fflem a
global knowledge base and used for reasoning about a givefGiasichiglia & Bouquet, 1997)
Contrasthis with other applications in ubiquitous computing, context here not only prbvide
filtering function as predefined input, it also activelyotwed and thus determidéow users
forage information throughout the reasoning process. They also distinguished contextual
information with contextualized informatiowhile the formeris the relevant information
provided, the latter emphasizes on udatsrnalized meaning. The value of this framework
includes providing a formal structure for the theoretical and conceptual components to @escribe
definition of the context and serving as a conceptual template for structuring and representing
informationinstances ithe sensemaking proceskhey also designed a typical GIS prototype
application, called Context Discovery Application (CDARich integrates maps (e.g. Google
Earth) and annotation tools, and evaluated the tool with focus group and e>qetisgion (5
grads in the lab and 5 UN workers). A Consolidate Appeal Project scenario in Sudan was used.
Subjects were asked to review predefined material with the CDA tool and complete a list of 5
tasks. In a later task wbto evaluate the GHC framewgrother than the listed tasks, the subjects

neecdto complete an executive summary report that outlines the context information regarding
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to the three aspectSomments and transcripts are analyzed using Krueger's m@flooglan &

Krueger, 1998)also used byKessler, 2000Q)This work gredy inspired our design goala/hich

will be introduced in the next section, but it still focuses on traditional tasks like document

analysis in stationary settings.
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Figure4-9 GHC model from (Tomaszewski & MacEachren, 2010)

Design Requirements

To further our understandingofs er s 6 pr act isinexplarmginovele gui r e men

environmeng, | conducted a structured study asking college stu@datsttheir current practice

to get to know a new place and their desired functionality of a mobile application.
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Sample and data cdkction

The sample for the study was drawn from undergraduate studénésQollege of
InformationScience and echnology(IST) at Penn State University. Compared to students in
other majors, such participants are trained with considerable technicgtdaatt and not yet
primed with domain knowledge. The sample selection was based on an attempt to survey a subset
of gendetbalanced college students representing the young generation, who are open to new
technology with midevel educationThis survey wamy exploratory effort seekinigp develop
initial hunches or insightsvhich could be used wrovide directiorfor design, rather than
generating conclusive claims.

I made the announcemethrough a presentation for the recruitinghree classes given
in the College of ISTintroducing the study background and sureggestions. Studentgho were
interested in the stly were welcomed to participaaed beingcompensated with extra credits for
their voluntary participationTwenty undergraduate (9 femalad 11 male) studemgere
recruited in class from three courses. Each participant was asétedtimnquestions anglas
required to providat leasta 2-page longwritten responséhat covers all the questiariBhe
guestiongelated taheir current stratgies, technology usedndinformation resources accessed
to know a new place. Thguestionnairalso askedboutthe challenges in this process, their
personal experienseand attitudetowards current mobile navigation tool$eir future vision of
desred functionality on mobile assistance was collected as well. For details of these questions,

seeAppendix A.
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Summative Findings

The majority of our respondents are familiar with all kinds of mobile applications for
exploration purpos18 out of 20). Gogle Mays is the most popular one for its credibility. For
directions, trditional in-vehicle GPS devicem GPS software on mobile phones are on the lists.
Yelp, Urban Scoop, One School, Around HenedHopStop are popular apps mentioned for
more specifigourposes.
Getting prepared before setting out and seeking ddiafiormation onlocationsare
routines for information seeking practic®ur participants identified three major resources to get
information for trip planning: a) online resources, inlihg Google search (query as destination
name plus fAattractionsd or Athings to doodo), va
traditional paper media, like paper maps or travel gualesc) people in thie social network
who havevisitedor currently live at the placeRegarding the online resources, Wikipedia is the
second choice after Google searthe participants use Wikipedia geta concise descriptioof
a location As one participant shareld,Go o0 g | e stpounmry reguitsyvdle you can get it
fromt he first few | ines on Wikié&bo
After arriving at a place, in addition tbeabove three mediusnten respondents like to
talk to local residets (e.g. hotel, gas station staff), as they know the place better and can always
gi vedigbps that yowridhawvreot hfei e sanlilsicme@, t hat |
adventure® Thr ee correspondents also mentioned thal
places by themselves from time to time. When comparing these three chanirémmation
guality, traditional guidance material is more targeted, while internet resource is searchable and
vast, but could be biased. Our participants believe that reviews from real people and sesponse

from local people are more trustworthy.
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Both unique local treasures and familiar venuesvahat people loofor when they get to

a new place. Popular tourist attractions (e.g. museums, landmarks, outdoors), shopging zone

local cuisine, and entertainments (e.g. clubs, bars, and theatres) are culiaresrio visit for

their newness, excitement, and experiential value. Peopléoalls for familiar places, such as

Burger King, Starbucks, Goldés gym, to get ens
When asked what kind of information they want to know about a point of stitere do

get confirmation that people want information from multiple dimensions. Geographically, they

definitely want to know the address and direction. One respondent described his requirement of

building a mental representation of the new environmkn¢li t dme of the things I try to do is

tocome up with a mental map of my new surroundi
my physical surroundingsé | often want to know
restaurant zones, streetnaneen d | @ay dbhtr € e mantianed evéather imformation

as well. Temporally, timely information &sodesired. Examples would be-gning events or
events in the near future, specials @& tray. Updated information (e.g. open hours, address
changs)is highly helpful as well for the actual visit. For those who would like to visit cultural
sites, historical stories in the long run will also attract their attention. Regarding the social aspects
of the POI, our respondents indicate that they wanhtsvkthe significance of the place to the
whole society as well as to the local commuriRgviews, tips, and ratings from people who have
been thereeflect diverse opinions.

When askd abouthe desired functionality of novel applications, YAH is alwagkpful
to construct seltonfidence. One participant has the vision thatfuture GPS should be color
codedbuildings bytheir categorywith additionalinformation available on request. Capability of
showing the pictorial representation and reviews gihae fora preview purpose ialso
desimable. In terms of information consumption on the site, a digital, knowledgeable, personal

tour guide is the spirit. For example, one of the resposdeishesan applicatiorcould have
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some of these features: apdall interesting things nearby in voida} can recommend places
based on requesindc) can provideeviews from other people who have been here. Limited
informationcreation is also welcomed, as sharipgsing, commentingo the social network
sites A student who characterized himself as someone whtytaavels to new places
mentioned that asking information from someone else who might be more familiar with that
environment (friends, instructor, store clerks) rather tharrskdince is a moreommon practice
for him. He held slightly negative attitusi®ward mobile technology as no softwénat is

Afcomprehensive, easy to use, and most i mportan

DesignGoals

Based on us e/l prdpose afiqgmeworkeofresigbalson building a
holistic understanding of a certain plaéégre4-10). This framework views the sensemaking of

a space as a process to integrate different types of information about the space.

Social Influence

General public

Friends

User

Spatial Feature

Static info. Landmark-Route-Survey

Instant info.

Cumulative info.

Temporal Development

Figure4-10 Design framework

Here,my focus is on three types of information: spatial, temporal, and social. In the
spatialdimension, three levels of spatial knowle@dgerequired to establishmature mental
structue of a place: landmarks, route and survey knowl¢Bgssini, 1984b)Vast research has

investigated how tpresent these three kinds of knowledge effectively. For example, visual
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representation of the landmark is known to helpsiseitd spatial memoryTversky & Lee,
1999)and only including distance and timeke it difficult for usersinderstand and resmber
directions(Raubal & Winter, 2002b)n thetemporaldimension, while some information tends to
be static across time (e.g. address, placeyoess), others fluctuate with time (e.g.
crowkcdhess), and knowledge of a placebds devel op me
personal reflection, and stimulateultural exchangévan Dijk, Kerstens, & Kresin, 2009)
Socialinfluence on the interest in a place candoamatic, and from two levels: general public
level and friends in social networks. Reviews from the public provide diverse apatfiont the
pl ace (e.g. fAa great | uwsiiryhigtdieafom frifhds tendttaddbe T h ur
more trusworthy andverifiable. Based on thisdmework, three design gesadre generated for
mobile tools that support place sensemakfagher illustrated orrigure4-11):
1 Support geographical information exploratioith proper representations to
build landmark, route, and survey knowledigehe vicinity.
9 Support social navigation by getting opinions from the general public and social
networks.
9 Support instant decision making by providiegnporal information changéas

the short term (now) and the long term (historically).



Figure4-11 lllustration of information representation based on the degigis
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Chapter 5

Proximity Explorer: A Mobile Application to Support Place Sensemaking

As reviewed earlier, suppanty navigation and spatial knowledge acquisition on mobile
devices is a raplyg developing area and much effort has been made in both academia and
industry. As such, Proximity Explorer, a mobile application that agges content across
multiple online services to support exploration of a place, only represents my effort in developing
a functional mobile prototype to materialize our design concept by taking advantage of cutting
edge technologies. The current systethésresult of nearly two yeaod investigation through
much user requirement analysis and design iterations. Three early adopters actively involved
through the whole process and their feedbacks are discussed during the weekly design sessions.
This chaptepresents the design consideration, technical implementation and user interface
design of the application, and finally highlights its key features through a scenario of making
sense of a novel environment. The current applicatistallation file and awgplementary demo

are available onlirfe

System design consideration

To materialize the design gaalwvhich require providing information from spatial, social,
and temporal perspectives on mobile devices, several factors need to be considéred into
sysem design:

1. Where to getrelevantinformation?

2. How should the information bepresened?

* http://vis.ist.psu.edu/phpFolder/ProximityExplorer.apk
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Information resource identification and selection

Common use&@generated information provides an opportunity to get richer information
aboutaplac&i Vol unt erearpehdi cgeelo gi n f(Gaoduolkild, 206 Meters {othleG | )
geographic information créad by individualghat can be used as resources for designs.

Numerous websites annotate digital information with related geographic identifiers from common

users. Such annotation could be in various formats. For example, Bligkf/{vww.flickr.com)

and Panoramidhftp://www.panoramio.corphave hundreds of thousands of geotagged user

submitted photos. Many Locatidased Social Network (LBSN) sites like Facebook

(http://www.facebook.con)/ Google Latitudehttp://www.google.com/latitudi/andFoursquare

(https://foursquare.com/allow users to explicitgxr ess t heir curcdheckht | ocati

insd0 and make as SWkimapa htpdwikinapiame)rcdnisects Wikipedia

(http://www.wikipedia.orgy articles to the placof action. Even mobile commercial navigation

solutions, suchas TomTgmncour age U s o update thermaprcontent.t i o n
Regarding the three information resources identified earlier to support place

sensemaking, especially on mobile devitdisst identified the possible oime information

services and madselections based on their data quality, user coverage, service stability, and API

documentation completeness (showit @ble5-1).


http://www.flickr.com/
http://www.panoramio.com/
http://www.facebook.com/
http://www.google.com/latitude/
https://foursquare.com/
http://wikimapia.org/
http://www.wikipedia.org/

Table5-1 Comparison of POI APIs (As of A0, 2012)
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Service Users API quality Pros/Cons
Facebook 800 Million Well documented, provide GoR O2 @SN} 3IS 2
multiple access methods (e.g. Place feature is new and
DNJ LK !t LZX ClIjfincomplete
layer authentication
Foursquare 20 Million Well documented, data quality User created content (15
vary by endpoints, limited Million POIs), data dengit
access, authentication is not covered well in North America,
NEIjdzA NSR dzyf S¢gAlGK dzaSNARQ Oz
Websites, address information
is not necessary complete for
each POI
Gowalla 2 Million Not well documented, Similar to Foursquare
before unlimited data access
acquired by
Facebook
Mar 11, 2012
Factual Designed for Well documented, great data Official data construction, has
developers quality, free limited access crosswalk API tonap third
party (Yelp, Foursquare, etc.)
identifiers for businesses or
points of interest to each other
where each IDapresents the
same placebut not complete
enough.
Yelp 61 Million Well documented, free access Great reviews and comments,
but only focuses on business
POI
Google 1 Billion Well documented, nearly Comparatively complete POI
Maps unlimited access covelage with complete

address and contact info; no
access to review data

Table5-2 shows the results of information source selection after comparison. To provide

social information of a place fromftérent level of aquaintance, the implementatiseleced

Facebook

f o rin a@nd Fowrsguhre for publicdips Kpoovide temporal information,

the implementationisal Foursquare checked here now and accumulative éhesdunt. To
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provide spatial information, ehimplementatiomombinal POI information from Foursquare with

Googl e Place API f or slikeaddresssicantacdinfdinaaton, tagsdoe scr i pt
websites; Wikipedia for background description, Google route direction and significant POls

from Foursquare for route; and Foursquare POI categories and 3D Google Streetview for survey

information.

Table5-2 Selected information resources and corresponding channels

Social information  Friends FacebookNA S ghBckif
General C2dzNEIjdzr NE dzaSNRQ (AL
Public
Temporal Now Count ofcheckin Here now on Foursquare
information Past Count of accumulativeheckin on Foursquare

Spatial information Landmark Coordinates from Foursquare POI.
Address, websg, contact info from Google Place, or
Foursquare.

Background description from Wikipedia
Route Direction fromGoogle Mapglus most checked in POl in
Foursquare

POI category from Foursquare.

Survey 3D view from Google Streetview

To summarizeKigure5-1), conceptually, to support place sensemakimg system
need to provide information from social, temporal, and spatial dimension; techniGalbygle

Maps Facebook, Foursquare, Wikipedia, and Panoramiasae to provide the data.
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Social influence
friends’
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landmarks, route,
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Figure5-1 Information integration under a unified application.

Information integration and representation under a unified application

The online services collected informatidhRDIs from different GIS vendors, or from
user so6 mandeortdin differeptudtailed information oétain POI in different formats.
Problems dealing with such heterogeneity are well known obstadles@toping applications
with GIS datgCruz, Xiao, & Hsu, 2004; Suryana & Sahib, 2Q0R)einformation can be
merged to form a single comprehensive data set to providestidhdiscription of a place.
Techniques intology mergingainddatabase schema integrateme usually usedithis process
(Suryana & Sahib, 2009)

Figure5-2 shows an example ohtology mergingHere,O1 and O2 represent two
separate ontology structures from two services for the same P@ &stmae head node). The left

two nodes in O2 (circled) can be further merged with the left node in O1 (underlined) for their
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data compliment. For example, the circled two nodes in O2 could be telephone number and
Twitter for a POI, while the underlined neth O1 could be contact informatiomhich results in

a 3node, 2layer suhtree (squared) in the merged ontology O.

o)

01 02

Figure5-2 Ontology merging

Ontology mapping and alignment are prerequisites bef@rging, when a relation
between two or more entities is identified. However, due to the different index systems used in
different online servicg such mapping is not straiglarwards.In general, rarging processes
can beconducted either manuylor auomatically For the manual methgddomain experts
identified the relationship between different datasets andedérgresults. For the automatic
method, computational algorithmsefine the mapping schemahich directshe mapping
procedureFor moredetail and the classification of matching and merging methods on geographic
information, which is related to our research, please see Nav@oe®)

Considering the large datasets of POls that beasetrieved, | applied two mapping

methodsAll of the servicesvolvedin this resarchhave place name and coordinates fields.
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Thesawo mappingmethods are heuristic, and itgng-basednappingand spatial mapping

respectively.

String-based mapping heuristic

Various stringbased similarity functions exist to compare two strings¢lwbould be
place names in the focus conteie parameters in these functions are eithedpfimed or
determined through training process. For example, St#@@5)considers the similarity dfvo
strings with both the common and different péntt could be calculated through various
distance measuremerflaro, 1995; Winkler, 1999Machine learning technigues are used to
determine the weight gfarameterghrough processing large data. Probabilistic moblated on
Hidden Markov Model¢Bilenko & Mooney, 2003; Cohen,aRikumar, & Fienberg, 2003)r
undirected graph@ilenko & Mooney, 2005are typical approacheBue to the lack of ground
truth and training data for the learning approdaothoose the prdefined approactpecially,|
adopttheclassicstring-based mapping algorittsnQ-gram(Sutinen & Tarhio, 1995}o calculate
the similarity of two place namand usedt to map different representations across services of
the same place.

Two main assumptions are usadhis algorithmhere:

1. POIs with same names are usually the same ;pdack

2. Adding words usually sifies meaning, thuslarger overlap of defined words may

also suggest the same plasesimilarity measumment can indicatbow a name in

one service is included in ather.

Each word in place names can be viewed as a string and comparing placearabes ¢
seen as comparing multiple strings. For individual stringsgssimilarity can be calculated with

Q-gram distancéSutinen & Tarhio, 1995)
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ca QA
a QEAQo a Q&0

o0i @

whereu andv are two strings for comparison; aré the longest common substring
betweeru andv beginning at the first character of both and containing at dgestracters. In our
computation,| adopt g=3, a number mostly used for English str{iSgginen & Tarhd, 1995)

For place namessccomposite words, string similarity is calculated with a tekesed
method(Salton & M. J. McGil, 1986)Giventwo place namesl={i H B i }and
n2={6 M B o }, constructed from the term number gkad ¢, respectively The tokerbased
method first segments tmames into inividual words, ortokens.Then, nameimilarity can be

calculated with this formula:

pB (AQ oiQp B 1 A@ oi Od
C

i "Qéphe . .
l Preg 5 5

Spatial mapping heuristic

Spatialmapping rules use the spatial distance of two candidates for the mapping. Two
main assumptionisereare:
1. The coordinates of the same POI in different service should be within a certain
tolerance region.

2. POils that are too close to be different places swally the same place.
The distance between two places can be directly calculated based on their coordinates.

With the name similarity score and the distance of two places, ontology matching can be
conductedFigure5-3illustrates the procedure of thentology matchinglgorithmused in this
reseach. Fortwo given ontologes O1 andO2 with namenlandn2, spatial coordinatesl and

s2 If the similarity of thaér namestringsis higher than threshold andtheir distance is within
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thresholddl, then they are the same POI and information will be merged. If the string similarity
is lower thartlbut higher than2, then the spatial threshold will shrink to a smaller region to see
if they satisfied this criterianf they do, they will still be matche#inally, if the names do not

match, but geographically, they are too close to be different places, they are considered as the

same POI.

NO
Yes

NO
If dis(st,s2)<d1 Yes
If dis(st,s2)<d3
If dis(st,s2)<d2

Yes

i Yes
Yes

Match=true <

Figure5-3 Ontology Mapping Algorithm

The thresholdused in the prototyparelisted inTable5-3. These thresholds adefined
by heuristicdbased experiments.or exampl e, given two place name
AStaucks Coffeed, a s-wordimatges AcBdrding tbthecakode out of o
formula, the resulting similarity will equal t
Li braryo, two words, fAPatt eeo tyawil dquahtc0.89.r ar y 0 ma
Similarly, for the distance thresholds, 30 meter is an estimate of the distance between two

buildings in state college distance 0800 meter is an estimated tolerance of coordinate errors
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among services for the same place; anditbneter is an estimated diameter for the focus area.
Note that the purpose of such implementation is to demonstrate the idea of information
integration in the georeference cont&ie accuracy of ontologyergingis not the core interest.

Thus, nosystematicstudy was conducted to evaluate the merging accuracy

Table5-3 Threshold used in the mapping algorithm

Parameter Value
t1 0.89
t2 0.75
dil(m) 10000
d2 (m) 300
d3(m) 30

Proximity Explorer aggregas content across multiple internet services, merges service
specific data structuseand forms a complete ontology that describes a place from spatial,
temporal and socialighensiors. Earlier work suggestdat visiting multiple applications on
mobile devces is notanefficientmethod ofinformationgathering oprocessing as it requires
users tde familiar with different Ul designs amhuch informatiorusually ges lost between
differentapplicationqCui et al., 201Q)Integrating informationvithin a unified application
allows usersto examire places of interest from multiple aspects without visiting multiple
applications.

By analyzing usersd6 requiremdahedodginucus! | ect ed
feedback from the earlier adoptergentified some essential functionalityr finve prototype
design. For examplé, is expected thahformation consumption is the major task in the
exploration contextconsidering the limited tim& heearly adoptersf the applicatiorsuggested
that the capability of creating new content actuaibtivates the to use the application. When
they saw an interesting place and decomments, oobk pictures, they waetdto make them
visible toalarger audience (e.g. Facebook friends) rather than only the users of Proximity
Explorer. Thus, the cumg version enables content creation as well. It allows users to take

picturesof the POl andomment on tha and share route directions. Another required
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functionality is allowing exploration on the spot as well as remotely. To satisfy this requirement,
the applicatiorallows users taefocus the interest region by lepgessing a certain point of

interest on the map.

User interface design

The Ul design was performed on Android phones hardware specifications, including
3G/Wifi network, GPS module, camerada3.7 inch or 4 inch screen. All the views were created
for portrait mode except in the camera activity for taking pictures. On the loginfigges(

5-4), users will see the logo of Proximity Explorer and |ai@ application with their Facebook
credentials. The logo is designedreflect the design goats integrating social (sitey faces),

temporal (clock) and spatial (map) information into a single application.

Proximity

Explorer

Please login / signup your Facebook Acount.
‘You will be directed to Facebook site for pemission setup.

f Login with Facebook

Figure5-4 Login page
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The major part othe Proximity Explorer user interface is composed of two layered
views: the Home View and POI View. As depictedrigure5-5 (a), the home view provides
several meanfor the user to explore nearby environment from a higher levelsdanrrsee a
home view with a search box, a layer selection button, a category buttonGaondla Maps
view underneath. Like regular navigation tools, users can search location by keymwibrel
input box.Usess can initiate exploration by selecting a category of POI in mind by pressing the
category button, e.g. food. Users can also select different overlays by clicking the layer button to
switch among regular mapews Google MapsSatdite Map, Traffic Map) with popular places
and friendcheckins. Popular places show the popularity of a set of POls (either filtered by
category, or search resg)lin the area by visualizing Foursquateckin counts on deatmap
(Figure5-7) . Users can al so eheckinsinlabstFigurdb®)c e boo k fr i el
Further detailed information of certain B@hn be examined in the POI View, as shown
inFigure55( b) , by <c¢l i cki ng ocimitera or mdrkens ontthe mapfTheé POh d s 6 ¢
View contains three tabs: the basic informatio
address, telephone, email, twittevebsite, and Wikipedia page. Users can also add the POl to a
shopping cartike routeplanner. The visual tab has a Panoramio photo gallery and Google
Streetview of that place to allovisual exploration of th€OI (Figure5-8). Users can contribute
their own pictures to our server, which are automatically added to the gallery collection for other
users to review. In the view tab, wuser,s can re

and checkns (Figure5-9).
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