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Abstract

Those who suffer from visual impairments can find their ability to integrate into
mainstream society challenged in significant ways. There are a variety of methods that aid an
individual 6s ability to nanviiogrenmntse Hdwever/mamyiof way
these approaches are ineffective and ampical for use by those who ansually impaired.

This thesis considers the feasibility of providing a dynamic wayfinding solution based on
existing mainstream technology. It alsensiders the design influenteatconventional
technologiesnay exert upon devicespecific to the disabled community. The resul solution
that may empower individuals who argually impaired and increase the level of their
interaction in many edronmentswhile seeking to reduce negative stigma associated with
disability. Ultimately, this solution may prove to agractive not only tindividualswith

disabilities but also to the general public.
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Chapter 1 Introduction to the Problem

1.1 Problem Statement

TheWorld Health Organizatio(2006)estimates thatvorldwide, more than 161 mitin
people are visually impaired. mMong theséndividuals 124 million have low vision and 37
million are blind In theUnited States alone, 1.3 milliare legdly blind and 11.4 million
individualssuffer fromvisual impairmentDe s p i t e cantmuwng mddigabasvancements,
an increase of one to two milliamases oblindnessoccurs each yedirhylefors, 1998)

Blindness is a condition describing a significant loss of vision, usually in the range of
20/200 or less20/200 eyesight would be the equivalenagferson observing at a distance of 20
feet what can be observed by the general @djonl at a distance @00 feet. Often, the term is
usel to describe a condition where an individual possessgdittle or no functional use of
vision. Outside this group are other individuals who arelegally blind but possess only
partial sight The sight of these individuals is stated to be between the ra@gé/6fand 20/200
(American Foundation for the Blind, 2011} is fitting that both groups of peopéee
considerectollectively when everyday challengéey faceare weighed

Historically, lagging economic development has b#enprimary indicatoof the
prevalence of vision impairmentsna ng t h e wo r (Figude§). Howepeu, hisioni o n
impairment is also largely a funoti of age(Figure2). Seventy percent gfeople whgossess
severe visuampairmentsare age 65 or oldefifty percentof that group are legally blind
(World Health Organization, 2006 As age deragraphics within the most advanced economies

of the world change, blindness will become most prevalent among their populations.



Figure 1 Prevalence of blindness versus per capita inconfelo & Schwab, 2001)

Prevalence of blindness versus per capita income, per country. Data taken from
22 countries with “whole country” estimates.
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Figure 2 Global distribution of blindness by age(World Health Organization, 1995)
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One reason for thishangecan be tied tdif e expectancywhich was 55 yeairis 1920 and
has increaskto over 8 years todayCommission of the European Communities, 200Rg

early stages of an aging populatioave already begurbetween 1990 ah2002, the world



populationincreased 18.5%, but the poputetiof those age 50 drolderincreased 30%
(Resnikoff, et al., 2004)By 2050, it is projectethat the generdl.S. population will grow
41.6%, but theopulation age 65 and older will gpw 120.1%(Figure3) i nearly three times a
fast(Vincent & Velkoff, 2010) As a resultthe U.S. and other aging populatiomdi be
affected more profoundly byision lossthanin the past.These changesuld poseserious

socioeconomiconsequencg$rick & Foster, 2003)

Figure 3 Projected age populations for the United States: 2010, 2030, and 2@&incent &
Velkoff, 2010)

Age and Sex Structure of the Population for the United States: 2010, 2030, and 2050

Source: U.5. Census Bureau, 2008.




1.2 Effects of Visual Impairments

Visual impairmat strikes a profound toll upon its victims becaughtsis an important
indicator of health and quality of lifgSwanson & McGwin, 2004)It is generally recogized
that vision loss and its subsequent effects cangpia dificulties in the emergnce of a positive
selfimage(CookClampert, 1981) Results from a number of populatibased studies and
hospitatbased studies indicate that visual impairment is associated with higher rates of
depres®n (Bazargan & HamaBaugh, 1995; Black, 1999; Carabellese, et al., 1993; Rovner &
Ganguli, 1998; Rovner & ShmueBulitzki, 1997; Rovner, Zisselman, & Shmudbulitzki,

1996; Valvanne, Juva, Erkinjuntti, & Tilvis, 1996; Wahl, Heyl, Oswald, & Winkler, 19980,

et al., 199%anda geater risk of physical injurfRoberts & Norton, 1995; Zwerling, Whitten,

Davis, & Sprince, 1998) Those suffering from vision loss are affected in so many ways that it

would be impossibléo delineate every effedttakesupon its victims.It may be feasible

howeverto establish general categorigiere the effectsf vision lossare knownand can even

be measuredit has been suggested thaipairments andisiabilities may disadvantagn

individual by limiting or preventing®#® f ul f i | | ment of rodes: @rientatiop,or t ant
physical independence, mobility, occupation, social integratioreaadomic seisufficiency

(Bickenbach, Chatterji, Badleg, Ustiin, 1999)

For examplea1997 study comparingtudents who werelind, low-vision, and sighted
found thatstudentavho had visual impairments had limitegportunities for social integration
with, and acceptance bgighted age matesStudentsvho had vision loss and held friendships
with sighted friends had to work harder to maintain those relationships than they did to maintain

their friendshipswvith peers who had visual impairments. Theamestudents required more



support than sighted stents, but had fewer friends that could provide the needed support

(Wolffe & Sacks, 1997)

While vision impairments bestolessesupon theaffectedindividual, impactsalso

reverberate among the general populatids.seen irFigure4, The American Foundation for

the Blindstates thatin the U.S.approximately 74% of working ageeoplewho are blindare

unemployedAmerican Foundation for the Blind, 2009¢lying on the families for financial

assistancéAmerican Foundation for the Blind, 2008 study performed by Wagner &it

found thatyouths who suffered from vision losgere likely to be unemployed and became more

socially isolatedhe longer they were out of school, kvitearly 50 percent of thestill livin g

with family members three tave years #er they had left scho@1992) On a more general

note,it is estimated that excess, informal (unpaid) care for individuals whovsaye

impairments totals $5.48 billion annuaflgrevent Blindness America, 2007Jhe estimated

lifetime cost of supporand unpal taxes for an individual who suffers from blindnéss been

tallied at$916,00QWillis & Helal, 2005) The reference tthis data is by no means intended as

aslight towards those who experiengsual impairments; rather, it is intended to demonstrate

that society has largely failed implement approaches thatudd moderag the strai upon these

individuals and encourage their interaction \mitthe general population

Figure 4 Employment of individuals who are visually impaired(American Foundation for

the Blind, 2009)

Employment Data Pertaining to People with Vision Loss (16 Years of Age and

Over)

Labor

Employment
to

Not in Labor Participation Unemployment Population

Month/Year Force
December 2009 3,163,000
March 2010 3,132,000
June 2010 2,903,000
September 2010 2,955,000

Rate

21.7%
23.0%
25.4%
25.4%

Rate

13.0%
15.3%
13.2%
13.1%

Rate

18.9%
19.5%
22.0%
22.1%



1.3 Need for Study

Shiftingage demographics wilbrce societyto quickly come to terms with theeedsof
individuals who possesasion impairments If the status quo approacentinues, aburgeoning
population withincreasinglyunmetneed (as a function of ageyill stand incontast toa
proportionately contractingopulation thats expected to deliver moeessistancéhan ever
before(Figure5). Thisdoes not paint a rosy picturélowever, ag practicalregponse will
likely demand anoveaway from labotintensive approaches that the general populatiap not
be capable of offerings abundantlgpn an individual basis. Bctical solutions to thidilemma
may likely requireknowledgebasedapproachesr techmlogicaly advanced methods that

provide more efficient results

Figure 5 Dichotomy between population needs and ability to satisfy needs

Frequency of needs with

general populatio General population's ability to

meet needs

1.4 Sudy Obijectives
The objective of this woris to evaluate the edictiveness of tratlonal navigation
systemgqsuch as signagend where necessaridentify adirectionalnavigation solutionin

indoor environments for individuals who are visuathpaired Daily interactionghat occur



within these facilities\Worksites shopping mad, medical and educational facitts, airports,
etc.)are a foundational part of life in advanced societégnproviding individuals with tle
means to accomplish significataisks. The research will considee shortcomings of many
traditional meansf navigation direction, and will consider whether mavancednethods are
capable of respondirtg the needs of individuals with vision loss. The social aspects of the
solution will also becontemplated, in an effort to provide a response that ismptfunctional,
but delivers a satliging approach that individuals who suffer from visual impairmeainés

willing to adopt.

1.5 Definition of Terms

AccelerometerA device that measures acceleration (i.e., movement).

Access Point A device that allowsonnection to a wired network via V¥#i.

Algorithm: A mathematicaprocedure that reduces the solution to a series that generates the best

or closestmatching answer.

Appl i c aptpi:odshortén@dior narrow software application designed to pertskson
smartphones and smart devices.

Assistive Technology (AT)Any device or system that allowvas individual to perform a task

that they would otherwise be unable to do, or increases the ease and safety with which the
task can be performed.
Braille: A sysem of writing and printing for individuals wWitvision impairments. Braille
employs a pattern of raised dots, represendtigrs and numerals, which are rdnd
touch.

DatabaseAn organized collection of data used for signal comparison.



Disability: A condition affecting the physical movements, senseaciuvities. This term will be
used interchangeablyith impairment impaired disableal, andvision lossn this work

Feature Phone\ low-end mobile phone with minimum computing ability.

Fingerprirt: A unique beacon signature representing a specific point or position.

Global Positioning System (GP.3#) navigational system based the reception of signals from

an array of orbiting satellites.

Inertia TrackingA process used to estimate current pasj based on last known position (or

fix) and advancing that position based upon known or estimated speeds over elapsed
time, and course. Also callékad Reckoning

Information Staff Individuals who are employed for the pusgeoof providing informatio and

assistance, such as directions, locations, etc.
Infrared An invisible, electromagnetic wavelength that can be used to transmit information.
Kriging: A geostatistical technique used to construct theegg)uat an unobserved location,
using known obarvations gained from nearby points.
Localization The process of determining the location of an individual or object.

LocationBased SystenA tool used to establish the location of an individual or object.

Map: A diagrammed representation of an areayshg physical features and pathways.
NavigatonThe process of ascertaining oneds positi

RadioFrequency Identification (RFIDA small, electronic device consistingarf antenna and

a chip (typicall gatiscadaldeofseoung informatios anal reldying g 0 )
the same.
Smart deviceA small,handhelddevicethat offers advanced computing abilégd may or may

not offer the ability to makphone calls.



SmartphoneA mobile phone that offers more advanced cotimg ability and connectivity than
a feature phone.

Signhage The use of signs as a means of providing direction and/or instruction.

Sonar A technigue using sound propagation to detect the presence of nearby objects.

Spatial OrientationThe process of ¢égblishing a relationshibetween the perception of the

environment and the knowledge of the environment, stored in memory as a cognitive

representation

Spatial UpdatingThe ability to preserve orientation and relationship while in movement.

Spoofing A situation in which one person or program masquerades as another by fatifidang

StressPhysical, mental, or emotional strain or tension

Symbol A shape used to represent something else or to convey informatimut the use of
written language Synonymouswith the termgraphicin this work.

Trilateration The process of determining absolute or relative location by measurement of
distances, using the geometry of spheres.

Ultrasonic (ultrasound)rhe use of sound waves with a frequency above therdpnit of

human hearing to detect the presence of nearby objects.

Visual ImpairmentThe absence of vision to the extent thaauses significant functional

challengedor the individual. Synonymous with the terwisually-impaired vision loss
andyvision impairmentin this work Blindnesswill also fall within the definition of these
terms.
Wayfindng The act or process of iof iAdddiana defindionead s i nt e

this term will be further developed and discussed in the work.



Wi-Fi: A technology allowing wireless connectivity to adbarea network (LAN) via radio

waves, based on IEEE 802.11 standards. It allows&&yxdevice communication and
information transfer.

Wi-Finding The process of establishing user location digiothe use of Wi access points.

1.6Literature Review

A pivotal requirement of everyday life is the ability to successhadvigate through
oneds sur r ou n.dihisnagtiné essdntially knovenradgayfinding There are
many definitions ofvayfinding, one holdingia s A éknowi ng where you are
environment, knowing where your desired location is, and knowing how thegetfrom your
present locatiom(University of Michigan, 2011para. ). This definition suggesthat
wayfinding isa mental state that exists only when an individual understands how to get from a
present location to a desired locale, whether through the aid of external features or not.
Operating under this definitiom, successful interaction thithe @vironment cannot take place
until this mental state has beachieved.Successful wayfinding can be very challenging for
individuals who suffer from visual impairments.

Another definition holds that wayfindingii ét he or gani zati on and cc
our dynamic relationship to space and environra@dtiyor's Office for People with
Disabilities, 20014.1c, para. )l The termdynamicis an important oneit reinforces the idea
thatindividuals possess an ewgltanging relationship to their environmgwith each
i ndividual 6s needs Wayfinding aids shiouddwalow every indikidualteh o | e .
develop a plan to take them from his/her location to the intedéstihatiorand negotiate any
required changeshile executing the plafMayor's Office for People with Disabilities, 2001)

This is a dynamic process. However, many wayfinding approaches are not dynamic, but static,
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providing information in fixed contexts that may meet the needs of many, but not theoheeds
all. Despite this limitation, statiwayfinding approachesontinue to thrive, whicktanbe a
detiment to those whoseeeds remain unmet.

The Cost(s) of Insufficient Wayfinding. Even for the general population, wayfinding
applications often falllsort of basic needdt is sad to report that éwayfindingreceives less
than its duen planning, researcland building evaluatian(Hunter, 2009para. 1)

Wayfinding elements are an important feature of a successfully functioning locale, but these
have historically beerelegated tafterthoughs or low-priority budget itemgGerber, 2009)

The uptake of this issue laychitects and designeas stalleqHunter, 2009)leadingto undue
burdens upon society.

There are a number of theories teaplain why wayfinding often takes a back seat in
design and architectureéOne thought suggests that wayfinding suffers because the author of a
work might not fully understand the context adva thedesign will be usedMuller, 2007)
Another holds that architects and designers pwgsess an intimate knowledge of the
environmenthey have created, btiteyare therunable to divorce themselves from that
knowledge, insteadxtending special demands upon othel® do not havéhe luxury of a
known locale(MacMinner, 2002) It is not uncommon to hear of new buildingdesignprojects
in whichthe general public invests considerable hamy to have those aspirations largely
shattered du nightmarish wayfinding resultsThese inadequacies can prove to be distractions
for otherwise commendabhrchitectural achievemer(tarlson, 2010)

In many casesyayfinding systemsarenotconsidered adequatelntil a serious problem

occurs(Hunter, 2009) This is a risky approach becausi®ss of some sort must transpaefore
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there is any rectificationThese losses are naltvaysimmedidely apparentbut they can be
significant and includehe following:

1 lost staff time

1 reduced staff concentration caused by the need to provideiaior other

interventions

1 lost business and dissatisfaction due to faigtn and ilwill of users

1 costly missed appontments or delayed meetings

1 additional security statind traffic management costs

1 compensatory environemtal communications systems

9 potential lawsuits surrounding lack safety and accessibility

1 anger to users wandering into limited ess areasfduildings

9 injury and death ding emergency situations

(Arthur & Passini, 1992; Carpman & Grant, 2002; Zimring, 1990)

Several studies have shown these rasiesnore than simple theoryBoth Carpman and
Grant(2001)as well as Huela2004)notedeffects caused by problematiayfinding in
complex environments that included raised blood pressure, headaches, inghgasadi
exertion, and fatigueAnotherstudy conducted atragional 604bedhospital foundhe
h o s p artnaawadyfinding system cosih excess of $220,000 per ye&448 per bed), largely
because the actual wayfinding system fell short of patieittviseeds. Themeasurecffects of
insufficient wayfinding includedbst staff time when employedsther than information staff
were required to supply directipamong other setback&osses added up tore than 4,500

staff hours annually more tha two fulFtime staff positions(Zimring, 1990)
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Essential Elements of Wayfinding.Well-delivered wayfinding must provide usevih
essential starting points that serve as the foundation for further interacti@ncr@iapiece of
wayfinding is an ordered environménbne thatholds a clear possibility of choice and a starting
point for acqusition of further informatior(Hunter, 2009) This need can account for the
confusion some may expemieewhen they are thrust into tieartof a wayfinding system that
may not offer a clear starting point (such as disembarking a flight in the middle of an airport
terminal). Visitors must also be provided with a clear visual sweep of the site or byilgion
entering to provide them an overview of their surrongdi The intent is to let individuals
observe a large number of elements and their relation@figusre6), at the same time giving

them a sense of élir relation tothe whole(Lynch, 1960)

Figure 6 Visual overview provided by map(Transport for London, 2011)
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This connections important to navigatiobecausd allows an individal to develop and
maintainspatial orientatin. Spatial orientatiortan be defined as the process of establishing a
relationshipbetween the perception of the environment and the knowledge of the environment,
stored in memory as a cognitive reprasgion(Peruch & Savoyant, 1993Fpatial orientabn
requires the abilityo localizeo n epdsdion, identifythe position of buildings deatures, and
keep track ofnovements in the environment through momrteanoment interactins within the
surroundings.Theability to preserve orientation and relationship while in moverseoften
referred to as spatial updatifigaston & Choll, 1995; Farrell & Robertson 989 Pick & Rieser,
1982; Presson & Montello, 1994; Rieser, 199®)ich reemphasizethat wayfinding is a
dynamic endeavor, constantly evolving and transforming as the individual is in motion.

The proper advancementf oneds r el at envinsmenigpnotiawaysa chang
easy to maintain One reasors that individualshave been shown to retrieve spatial information
more effectively from experienced perspectitteen from new perspectivésachini & Logie,

2003) When users are thrust into agtion of a familiar environment from a different

perspective, wayfinding can become problematic. A 2003 study by lachini and Logie discovered
that when users experience a lasgale real environment by way of diteexploraion, an
orientationdependent representation in memurgreated They found thaperspective

constitutes a primary interface betweeniwitlials and environmenBased on their findings,
re-experiencing an environemt from a known perspective is likelly lead to more successful
wayfinding results

This can presenttaicky situation whernusers who possess previous experidrara one
perspective in aymmetrical enviramentare asked to find their way from another perspective

from which they have nexperience. Symmetrical buildingavhile seemingly saightforward
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in plan viewi often possess similar appearances from multiple perspe(fipse7), and may
lack features that caassist in the development gipatial oriettation (windows through which to
observe the environment outside, artwork, et@hiscan prove confusintp visitorsunless
areaf the structurare clearly differentiate{Salmi, 2007) For these reasons, wayfindiagls
must provide a constant flow of informatigpatial updating) so that spatial orientation is

preserved.

Figure 7 Example of symmetrical buildingi Natural History Museum, University College
London (Tuuraan78, 2010)

Each wayfinding elemeritan ordered environment withstarting point, spatial
orientation, and spatial updatiings vital to the success of wayfinding. The omission of any can
create problematic issues for visitors to a buildifrgr this reason, it is necessary to evaluate
how effective wayfinding methods arefulfilling the evolvingneeds of dynamic individuals.

An effective wayfinding approach should resolve the wayfinding needs of not only the general
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population, but thaswho may have unigque needs, such as individuals who are visually impaired

or otherwise disabledThis would encourage increased interaction and equitable access for all.

16



Chapter 2 Analysis of Wayfinding Methods

2.1 Signage

There are aumber oftraditionalmethodsn practice that respond to important
wayfinding needs By far the most popular is sigga(Figure8). In many circleswayfinding
and signagareheld as transmable termsWhile sgnage isan important pa of wayfinding,
the scope of wayfinding is much largbian signagalone Perhaps the roots of this
misconceptiorcan be attributed tthe context in which the term wayfindingas first coined.
Urban planner Kevin Lynch first used the term in his 1860k,Image of the Citywhereinhe
referred to maps, street nbers, and dectional signs as walinding devices Indeed agreat
deal of literature devoted to the topicvedyfinding focuses on traditiondevelopments in this
subject matterDefinitions asidesignage presents one of the simplestaodt staightforward
wayfinding tools. In largescale marmade environments, signage is oftka first alternative
that visitorswill turn to fulfill wayfinding needs. Signage provides an opportutatplace
needed information in areas where the information is rel@amhnhecessary, often necessitated

by building design{Hunter, 2009)
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Figure 8 Examples of signagéVisual Impact, 2011)

While in noway diminishing thdenefits of signage, it is @smportant to note that it
does possess its share of drawbacks. Where wayfinding needs exist, tiexlkmegction may
often be to display additionaignagein an effat to relay information where it is anticipated
individuals will experiencevayfinding needs This can lead tdisplaying too many signs,
creatingclutter and visuabverload(Figure9). On the other hand, when not enough signag
presentthe temptation may be to list as muchoimhation as possible on existisgnage. This
tradeoff can result iseemingly unimportant inforation beingelegated further down in the
information hierarchy, making difficult for those who regire this information Details may

end upburiedandmay not be perceived at atir they maybescreened out and not remembered.
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It has been stated thiaéd information at the wrong placeisasgoedan o i nf or mati on &

(Arthur & Passini, 1992, p. 34)This is a substantial challenge for signage systems

Figure 9 Cluttered signage(Canadian Public Transit Discussion Board, 2011)
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Another hurdlas created whe the usedoes not read, or rda in a language other than
what has beeunsed to convey buling information. Where individuals speak numerous
languagessuch asn the context of an international airpaignage and directory information
that is provietd inall-text format is also a barrier which imiésc cess t o ofthe A cont e
building (Salmi, Ginthner, & Guerin, 2002; Salmi & Guerin, 200Bven those who possess a
strong command of language $kitanbe puzzled by signagsuch asvhendirectories require

decoding albity (Figure10) or whendenselypacked texis difficult to deciphe(Salmi, 2007)
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Figure 10 Extensive signage codingSalmi, 2007)
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Yet another challenging aspeat sighage is the use of symbols and graphics. Currently,
there are no internianal symbol standard&serber, 2009) Often, here is also no systematic
format agreed upon for lottan and placement of sigriSchintimeister, 2010)Building code
requirements can even dictate certagnage characteristics or placemethist, when compared
to the overall wayfinding system, seemfitted to the environmerdnd/or thevayfinding detail
Another challenge@sed by signage occurs during transitional periods, such asanhdding
is remodeledor when ggnagesystems are updated. Olaerobsoletesignage should be
removed in these instances, but often times, predmmage is simpleft in placecreating
clutter and perhaps even contradicion An analysis of Londonoés
found the remnants of more than 34 elifint signage systems, some of which vieeffective
and often confusingyreatng situations where travelers often turned to maps located in subway
stations underground twavigatetheir way above groun(Reising, 201Q) This is a situation to
avoid.

As a final note on signage, some buildings simply are not designed in a manner that

invites signage as the central mathaf providing wayfinding directionWerner and Schindler
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(2004)foundthat environments with perpendicular intersecting hallways gave better wayfinding
performance than thoséth angled intersectiondn other wordshallways and features
intersecting at noperpendicular angles may prove difficult to navigadReiddle ad Pé&uch
(2004)came to the conclusion that welksigned signs can be ineffective in highly complicated
buildings that do not eable natural movementAs seen irrigure 11, wayfindingneedsn

complex envionments may not always be nigt the traditional use of sign&ooke,

Tzortzopoulos, Koskela, & Rooke, 2009)

Figure 11 Examples ofarchitecture posing a challenge tsignageuse(Bustler, 2010; The
Furniture Industry Blog, 2011; Thecoolhunter, 2011)

None of this is to say that signage is obsadetiat its preseresis uninvited. The intent
here is to demonstrate the pitfadlsan approach that considers signage to bethemethod of
assisting wayfinding, or assumes that signage is always the best method of providing direction
and orientation to users. Signage igljkto remain a criticapopularform of navigational
assistance, despite its shortcomin@sis said, whersignages employed, the operators of a
premisesnust be cognizant afs limitationsin order toestablish thatinmet wayfindingheeds

may still exist.

21



2.2 Maps

Another traditional wayfinding tool ifhhe map.One advantage of maps is that they allow
individuals to develop spatial orientation with their surroundings, an important charactdrist
wayfinding that posted sigradone may not provid@-igure12). Portable napsoffer users a
referenceaalong their route, in essenarswering needs as they aris¢éowever, in most cases
maps must baligned with the evironmentin order to facilitate navigation effectivelyrhis is
known as the alignment effedt. has been founthat if the alignment effect igolated, such as
if straightup on the map does not correspond to directly forwattié environment, subjects
tend to bdess accurate in judging tlverrectdirection to tak€Levine, 1982; Levine, Jankovic,

& Palij, 1982; Levine, Marchon, & Hanley, 1984, Palij, Levine, & Kahan, 1984)

Figure 12 Examples of Maps(Chicago Traveler, 2011; Reising, 2010)

It is also important to note that learning features from a map can produce reliance on an
orientationdependent representatiofhis differs fromspatial informatiorthat is gathexd
directly from the real environmersllowing for environment appreciationom several

viewpoints, which may result in orientatiomdependent representations. Thorndyke and Hayes
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Roth (1982)studied this phenomenon, coming to the conclusion that those who peolssess
experience with an environmefie., interactionjvere better able to point out locations within a
building than those who hadearned layout from a magn another note, maps are not

universally available and users may possesgnowledge of heir presence when they are

Fewer than half of all hospitals currently provide basic user guides or maps to aid in wayfinding,
although they have proven to be of valuable assistance to patients and (@sitmpsr & Berger,
2009). Even when available, care must be taken to assure that they axemptomplexnor
obsolete, and that terminology and graphics in print materials are congighemthemselves

and with posted signage.

2.3 Braille

In consideration of signagmaps, and other traditionalipt versions of wayfindingit is
important to note that none of these hoats provides a practicafyfindingsolutionfor
individuals who have visual impairmentsence addtional methods must be evaluated
Policies suclas the Americans with Disabilities Act (ADA) of 1990, Title Ill, have served to
encourage building codes that assure physical access to and within public settings, but universal
access to all users hastmecessarily been reach@hlmi, 2007) Some may consider Brailée
worthy andsuccesfulmethod of delivering information and guidance to the visually impaired,
but data shows that most who suffer from vision loss have not learned to read(Brattidall,
Bentzen, Myers, & Brabyn, 2001For those who do read Braille, text must be sought after and
discoveredwhich hardly seems to be an equitable solution for those who casually
observe that which they are forced to finthis canbe very awkward in public settings, perhaps
a reason whyndividualswho can read Brailleften use it taconfirm information and detail

rather than to obtain instruction and direction. Braille, too, is a static form of information
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provision(Figure13), one which can fall short of responding to the dynamic needs of users in an

unfamiliar locale.

Figure 13 Braille signs (Office Sign Company, 2011)

2.4 Information Staff
A response to dynamiteed may be the use of informational staff, potentially the most
dynamic approach available. Howeviefprmationstaffs represent a perpetual investment. In
the day of increased competitiand costcutting, informationstaff may besome of the first to
go. They may also be present only during limited hours, creating circumstancespatteref
the wayfindings y st em e s s eruttioa Iwhye nii d Ind cokr maBvanwhen e mp | oy ¢
present, information staff can be limited by tlag@acity to assist only a certaimmberof
individuals at any given time. Further, where navigaindormation is relayed, it is often given
entirely at one timé the visitoris required to remembéne information sequence, a memory
thatmay be fleetig. This approach stands in contrast to the idea of provilmigeal amount

of information when it is neededFinally, it is nosecret that many people do not like to ask for
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directions. When this occurs, the advantage posed by the presence oftiofostef is
limited. Because of these issub® use oinformation staffs coultbecome less commonplace

in the future.

2.5Interactive Wayfinding Approaches

Advances irtechnology and desigmayyet provideanswers that can adapt to user
wayfinding reeds in a dynamic fashion that provid&f®rmation where it is neededAn
effective use of the same could greatly improve the odds oéssitd wayfinding, both for
individuals who have impairmengs well as the general populatiohechnical advancesre
increasingly allowing for the experimentation of LocatBased Systems (LBpbased on a
wide array of wireless technologies that are readily available. A major advantage of these
systems ighat they can not only establisiser location wth reasoable accuracy, but in many
instances they casense direction and motion, allowing for dynamic updatirdgraaltime
direction. As the deployment of these technologies becomare customary (for a variety of
purposes), it is podde that the approachesuld supplement or even replacaditional
wayfindingapproaches that have been employed in the past

GPS Wayfinding. Theconsumer market for wayfindirtgchnology exploded with
options bllowing a Presidential directive in 2000 to remafeelective avéabiltyo f r o m
positionalsignals sent via satelliteased on the Global Positioning System (GB8)!, Jung, &
Krishnakumar, 2010)In essence, prior to this directive, satellite positioning signals available to
the geneal public could not pinpoint location with enough detail to médesuse otonsumer
GPS technologiegractical. Sincgéhe 2000directive,however this type of technology has

become mainstreaffrigurel14).
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GPSuses multiple orbihg satellites to triangulate the position of a mobile receiver on
thee ar t h 6 s ocatiomisfcalaulatedy tridngulating the time of flight ofatellite
transmissions to theeceiver. Localizatioii the process of determinindgpypsical location o&
user(Kim, Fielding, & Kotz, 2006) cantypically be tracked to within a few meteréts
accuracyover a wide geographical area is one reasonGifaghas become very popul@turey,
Curran, & McKevitt, 2008) HoweverGPSsuffers from a couple key setbacks that make it
impractical for certain usest dan takeconsiderable time to chart fisst position(Li, Quader,

& Dempster, 2008) GPS receiveralsorequire a clear view of the skinultiple satellites must
b e f & eresanby the GPS device), so GPS typically does not work well indoors, under
cover, or in urban canyorgslightower, LaMarca, & Smith, 2006)For these reassnits use in

indoor applications is impractical.

Figure 14 Garmin 550t handheld GPS unit(Garmin, 2011)

Development of the Assisted Global Positioning Systers@S)integrates GPS
functionality with cell phone technology to measure signals frazarby cell phone towers,

increasinghe GPS response rdi&eyn & Schrooyen, 2008; Zandbergen, 2008his would
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theoreticallydecrease the time needed fd8RS device to establish location once powered up.
Many of the newer AGPS systems alsanploy highsensitivity GP$allowing function in
indoor a urban canyo environments. Neverthelegven these receivers are not consistently
able to obtain a posith fix indoors, particularly inside buiklgs where large amounts of steel
have been employed in the construction, or where signals must pass tbevagilayers of
concrete or brickKZandbergen, 2009)Again, this render&PS technology unviable for the
purposes of indoor wayfindinag this time

Infrared Wayfinding. The use of infrared signatie transmit wayfindingnformationis
anotherapproachthat has been exploredhe premise behind infrared wayfindimgthatwhen
users are within range of one or meriared transmitters, directions che relayed to the user
(who carriesa device that reads the signaljith the cycle repeating itsedfs the user passeto

the range of additional transmitseuntil thedegination has beereachedFigure15).

Figure 15lllustration of Infrared Signals (Crandall, Bentzen, Myers, & Brabyn, 2001)
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A major hindrancg@revening widespreadidoptionof this technology lies in concerns
related tosignal strength and power suppls for the formerconcern infraredsignal eange is

limited (Figure16), requiring the location ahultiple transmittersn any largescale enviroment
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employing thisype of system Further, nfrared signalslegrade in direct sunlight, which could
prevent its use in buildgs with windows or open areé3ahl & Padmanabhan, 200@nd
infraredsignals areseverely impaed by lineof-sight obstruction§Woo, et al., 2011) As for

the latterconcerntransmittersneed a power supply, meag they must either bleardwired into
building circuiry or transmitters mudtelocatednear an existinglug sourcewhich might
represensignificant installation and/or mainter@ncostgBahl & Padmanabhan, 2000A
study of infrared wayfindingt the Powell Street transit station in San Franaiksuonstrates
these points The entire station is located umgeundi most structures are located above
ground, where sunlight maipetydhfeétransmitteriswerer ar e d 6 s
required (throughout the three levels of the station) due to limited broadcast Eaujehad to
be connectetb 110volt plugs(Crandall, Bentzen, Myers, & Brabyn, 2001lany premises

operatorsnay not be willing to invest this greatlytsther building infrastructure

Figure 16 Infrared signals (Crandall, Bentzen, Myers, & Brabyn, 2001)
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RFID Wayfinding. Radio Frequency Identification (RFID) igechnologythathasbeen

around for decadebut hasonly recentlyencountered intere&ir wayfindingpurposes RFID
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systems use tags to mark itgreach tagemitting a messagtat can be decoded RFID
readerdRFID Journal, 2011)In practice, RFID would emit wayfinding instructions to users as
they pass near RFID tag3he operation of the system would largely be dependent upon the type
of RFID tag used, as there are two typpassive and active.

Passive RFID tags axery inexpensive, perhaps fuelingeir popularity(Figure17).
Thesetags do not have a butiin power source, but are instead powered from the radio frequency
(RF) field produced by the RFID reader antent#owever, a key disadvantage to the use of
passiveRFID for localizationis that in order to functioat all (in orderfor RFID tagembedded
messages to be received), an RFID reader must be located within close proximity of the RFID
tag This isusually a matter of a few centimet€willis & Helal, 2005) It is not difficult to
imagine thafor the many users, visually impaired or not, this proximityuregment would be
impractical. Similar to the disadvantage of seeking BraiB@gpassive RFIQagsto deliver
wayfinding diections might add another taskvisitorsd | ittetactofasndi ng oneds
could end uppeing precedelly the act of looking for RFID tag?assive RFID technology may
find success for uses in product tracking batting environments such as museums where tags
can be utilized adlisplays(in areas where vigirs are expected to look for information and where
user location may be logically predicteblutit may not be practical for the quoses ofarge

scalewayfinding at present
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Figure 17 Passive RFID tag(International Coolhunting Magazine, 2011)

Active RFIDtagsdiffer from passive tags in that thégve an ofboard power source,
makingit possible to detect signals up toaage of about a hundred metérssorieroGallud,
Lozano, & Penichet, 2008)However,as seen ifrigure18, active RFID tags arkarger, and
alsofar more expensethan passive tagéimiting their appea{Weinstein, 2005) Dueto their
cost, they are usualluited for tracking higitvalue itemgNi, Liu, Lau, & Patil, 2004) For the
purposes of wayfinding,céive RFID tags would likely need to Ipermanently installed in the
building infrastructurgpresentig another casef increased cosia addition to unit costs
Where nodine-of-sightRFID signaling is a factor, the neéat even mord¢ags may be
necessaryraising costs agairHowever, @éspite cost factors, active RFtBgs do hold
considerable proiseas an interactive wayfinding form, one that could find a foothold in the
future. However, the author has chosen not to pursue this temiyak the medium for a

dynamicwayfinding system at this time.
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Figure 18 Active RFID tag (MoreRFID, 2011)

Wi-Finding. IEEE 802.11 b/g/a/representstandard Wi protocols defined by raw
data transfer rate and s frequencyWeyn & Klepal, 2009) Wi-Fi is a wirelessechnology
allowing for enabled devices to share a single {sigbed network connecti¢Bt. John's
University, 2011) Wi-Fi networkshave proliferatediue to falling prices, increased ubiquity of
Wi-Fi enabled devices (dgdhones, laptops, tablets, PBAetc.) andgimplified setupof Wi-Fi
access points (Adp. Over the past several years, tens of millions of APs have been deployed by
individuals, homeowners, businesses, academic institutions, tetaf &nd public buildngs
(Zandbergen, 2009)

Due to its prevalence, experimentation with-Wiis growing and has resulted a
number of valuable innovations for which the technology was not initi@inded, such as
location positioning. Theunderlying idea behind WFi wayfinding (hereafter calle@Vi-

Finding) is that a WiFi-enabled device signaburcecan be locatedandtherefore alistance

31



from the AP can be calculated. The density of APs in urban areas is so high that the signals
oftenoverlap, creating a natural reference syster determining locatiofZzandbergen, 2009)
This idea is demonstrated fiigure19. Themethod, known asilateration, utilizes algorithms

to perform @lculations and operates in a way very famto the function of GP@ell, Jung, &
Krishnakumar, 2010) With position being establisheal search lgorithm within a database can
locate all routes connecting point A (userreat location) anghointB (intended destination) and
then calculate the pathitiv the shortest distancéVi-Fi is able to maintain constant contact with
the user, allowing for dynamicrelay of information as neededhis makes it an attractive

approas in for interactive wayfinding.

Figure 19 Example of trilateration via Wi -Fi access pointgLi, Quader, & Dempster, On
outdoor positioning with Wi-Fi, 2008)
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2.6 The Evolution of Wayfinding

Each d theadvanced wayfindingheansdescribed in the previous section (Z6uld be
deployedin a setting that offerdynamic wayfinding. These systems would allpwicker, more
efficient information flow and could penetrate bigrs to information acce$sr those who have
found thatraditional wayfinding approachésvefallen short Further, as it has become
commonplace for consumers in advanced economies to carry various electronic devices with
them at all times, it is possible that these dynamic wadyfg tools could capitalize and deliver
wayfinding information seamlesstiirough their existing devices

This is one reason why WAinding is an attractive option. VWi 6 s presence
prolific, andits use as ahBS seems beneficial at relativdlyw costi many businesses that
would benefit from this approach already have instituted their owfiiWetworks. As a result,
Wi-Finding couldbe deployed without significantvestments or alterations irbaildingd s
infrastructure.Wi-Fi has als@rovencompetitive, if notmore accuratehan many other
wirelessLBS technologie¢Bell, Jung, & Krishnakumar, 201,ahe result being that \ARi
positioning has attracted much attention from bosieaechers and companigsdd, Bekris,
Rudys, & Marceau, 2002)It is this dynamic wayfinding approach that the author intends to

discuss more thoroughly.
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Chapter 3 In-Depth Analysisof Wi-Finding

3.1 Third -Party Administered Wi -Fi Localization

There are seeral WiFi positioning systemsurrently in operatiomnd available to the
public (these establish location onlykyhookWirelessNavizon, WeFjand PlaceEnginare a
few examples Each of these systems operates in a similar manrsens ihstall an application
on a webenabled device, and then the application records available ¥#jnals and sends the
information to a remote location sen(&igure20). The location server compares the signals
received tadhose in an established database, allowing for an estimated loeabiersent back to
the use(Zandbergen, 2009)Theoretcally, the user then knows his/h@eciselocation.

While the process is rather simple, this apphosuffers from a series of setbacks. For
one, positional accuracy is dependent ugocurate location of ARSones, Liu, & Alizadeh
Shabdiz, 2007)Oneanal ysi s of positioning errors wusing
errors consistently greater than 20 meters and sometinees@ss of 50 meters, and a couple
examples of even larger error (one over 500 meters, and ano#rel0 kilometers from the
correct locatioh(Bell, Jung, & Krishnakum@a2010) These errors likely reseflil from users
whoentered ARerroneous ocati ons on Skgrduser grorbeconedbpart df e .

the equation, it is virtually impossible for the system to filter those errors out.
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Figure 20 Description of Wi-Fi localization from Skyhook Wireless(Skyhook Wireless,
2011)
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A mobile device with the Core Engine

collects raw location data from each i iy ) i

of the signal sources. # Asingle location estimate is returned back to
the mobile device.

# The Client sends this info to the Location Server.

Even when users input information correcyr, positionsarestill unlikely to be exact.
This is because precise AP locatisrusually unknowmand unlikely to ke uploaded by the
individual(s)who possesses this information, whismoteasy to obtain Many operators in
fixed infrastructure will not disclose AP loations out of reasons for safety or privécy
Quader, & Dempster, 2008)n lieu of this data, AP positiois calibratedconsidering theignal
strength emitted from the AROftenthese calibrations agathered by way of war-drivei the
process of collecting Wi beacons by miving or walking(war-walking) through an area to
discover and map AP locatioftsim, Fielding, & Kotz, 2006) War-drives began aan attempt
to establish WF i A h osb thai thaseswho desired cofiidquent the locale ith the intent

of uploadng/downloadng information atthese sites through free Wi connections For this
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purposepreciseAP locaion by way of a waidrive is nota vitalissue. However, when
attempting to establisAP position for the purpose of ld@ation, AP position errors are a
critical issue:any error in the AP posittodatabase will be reflectestibsequet in establishing
theused s p oHguredl)o Kim etal conducted a study in 2006, finding that the media
error in estimated AP locationga wardriving was 40.8 meters and 31.6 meters when war
walking was employedThey also found that watriving/warwalking did not always reveal all
the AP locations that were present. Using actual AP locatii@isvee known to exist, their
studyfoundlocation estimates were improved as masty0% indoorsThis is one reasothe
author does not feel that it would be in the best interest of-Bridknortar businesses to pursue
Wi-Fi localizationapproaches that utie datathathas been uploaded loutside partis.
Businesses who maintain coaitof their own WiFi setup would inherently possess knowledge
of the exact AP position and would be able to design wayfinding around the same without

disclosing this informtgon to the public.

Figure 21 Example of Wi-Fi localization error (Bose & Foh, 2007)

. Stationary device

D\ Actual position of mobile device ||
41

@& Estimated position of mobile device
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3.2 Wi-Fi Fingerprint Databases

While trilateration via WAHFi works in theory, in ordelo operate at maximum
performance, APs must detect signal strength with consistent sensitivity. This can be
troublesome in environments where obstacles (walls, objects, etc.) decrease or reflect signal
strength(Bell, Jung, & Krishnakumar, 2010 Congquently, localization and wayfinding
direction provided purely by Wki trilateration might be unreliable in some instances where
obstacles and barriers are present. A technique that can alle\satertibern, however, employs
training and tracking phas in establishmemtf use localization. During the training phase, the
received AP signal strength is filtered, interpolated and eventually stored in a database as sample
points. In the tracking phase, thgerposition is determined by comparing tleeeived signal
strength with the sample pus stored in the databa@® o0, et al., 2011) The observed Wi
signalsare compared to the database previously recorded in order to determine the closest match.
This method of d@abase caelation is known asadio-mapping but more commadm called
fingerprinting (Zandbergen, 2009as each point represents a signal combination that is unique
to that location.The achievable positioning accuracy of-Wilocation systems using this
method isusually claimed to be within 1 ® meter{Mok & Retscher, 2007) The steps
involved in fingerprint database construction are illustrated in Figuré-BRire 23 demonstrates
how sighals arescanned during the tracking process, compared against the fingerprint database,

and a corresponding (or near corresponding) position is returned back to the user.
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Figure 22 Process of building fingerprint databasgWoo, et al., 2011)
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To achieve a reasonably accurate estimation of usatidm, granularity within the
fingerprint database must be reduced. The idea of granularity is similar to the concept of digital
photo pixelation. When more pixels are present, digital photo details are finer and more precise.
As more pixels are intragted, the detail provided by each additional pixel lessens, until
additional pixels provide little measurable benefiti-Fi fingerprint databases function in much
the same way, where a certain level of detail is required to provide reasonable agtduracy
Wang, Lee, Dempster, & Rizos, 2003)owever, due to user orientation to the AP (facing the
AP, back to the AP, etc.), the mobidrethedevi ce
objects impeding signal strengthAs a result, in many cases four different orientations are
performed on each calibration point during the training phase of fingerprint tra&etscher,
2006) Localization databadmgerprints using Wi are normally agated with distances
rangingfrom 1to 3 meters from the next poifWeyn & Schrooyen, 2008)
UnderstandablyGonstructing dingerprint databasean be a very timeonsuming survey
proceduie, a potential deterrent to thdeployment in largescale indoor operations
(Kaemarungsi & Krishnamurthy, 2004)Further, databases may need updating, or portions of
the database may need to be repwiten an envonment changes significantlguch as eer a
major building renovatiolLi, Wang, Lee, Dempster, & Rizos, 2005)Even accounting for
each of the abovéhe positionahccuracy can deperuh the surrounding environme(guch as
busy times inside building, or items brought onto a salesdr while stocking shelvgs These
circumstancesan potentially create readings that might not correlate torigmal database
readinggdMok & Retscher, 2007)
The foregoing may lead one to belethat aVi-Fi LBS isa poor choicelndeed, these

aresome validcriticisms that are voiced in regard to the idea of employing-&Wasel
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wayfinding system However the author believetere are a number of approaches that may
alleviate the laborios duty of building a useable fingerprint database allow for reasonably

precise tracking where environmental circumstances pose challenges

3.3Reduction of Fingerprint Database Requirements

Cell Identification. It is enirely possible that, dependj on the context and
construction of the building in use, a fingerprint database with points measured every 1 to 3
meters fronthe next may prove to everkill for the particular wayfinding task at handreas
of a building being mapped may be dividedbi cells(such aoffices,hallways,etc),
representing areas of a building, rather than exact points where extensive mapping detail may
prove unnecessary. Hence, Wsitors to receive necessamayfinding information the
database may only need todmthat the subject is located imlasignated cell, as opposed to the
precise point in the celthere the subject iotated. Using the cell method to establish a
fingerprint databaseesearchers at Rice University successfully mapped a 135,178 sopfare f
building divided into 510 cell§ equi val ent t o t h-gorydbuilding)inoaf a 1500
matter of 28 matmours Wi-Fi localizationwas able to indicate the correct cell 95% of the time
Following their work they discovered that the buildicguld havebeenmapped in less than half
the time, and the database would not have suffered any appreciable loss in successful user
localization(Haeberlen, Flannery, Ladd, Rudys, Wallach, & Kavraki, 2004)

Kriging. Another nethod that could dramatically reduce the time required to generate a
fingerprint catabase utilizes a method knowrkaging. When a point is mapped in a fingerprint
database, it provides hints about the characteristics of nearby, gveitsif those pots have
not been mappedKriging is a geostatistical technique used to interpolate the value of a random

field at an unobserved location using observations of known values at neatiyrsc
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(Wikipedia, 2011) In simple tems, kiging is the process of mapping unknown points using the
information from known points in the ndwrvicinity. This would allow fingerprintatabase to
be constructed usinmnly a fraction of the points normally required.

This method was used bgsearchers at the University of New South Wales, Australia.
In their study, they found WHi localization using ther@inal databasetypical fingerprint
database) proaded an averagaistance error 0f.35 nreters. They also conducted i
localizationusng kriging? wheredata fromonly 1/8 of the normal fingerprit dat abaseds |
were utilized The average distance error in this case Wad9 meter$ an increase of only 10%
error fromthe normalmore laboiintensivefingerprint databasé.i, Wang, Lee, Dempster, &
Rizos, 2005) The author feels that for many applications, a datatemgeéringfar lessinput in
exchange for minimadditional error would be an acceptable tradeoff. Of course, the success of
such an gproach would likely be dependent upon building architecture and the context of its

use, but the overall benefit of this technique remains clear.

3.4 Supplemental Tracking Methods

Inertia Tracking. It is possible that during the pregs of WiFinding (whenusing a
fingerprint sdeviceslgralanay not carespancewitidthe fingerprint database for
a brief instant. Though this may seldomccur,it remains important for user location to be
known when anomalies arise. Mapgrtable WiFi-enalled devices employ tools such as
accelerometeror digital compasss that could perform their own calculations to determine
visitor locationin the event that a fingerprint database loses track of the individinag method
has ben callednertia tracking (Furey, Curran, & McKevitt, 2008)r dead reckoningSerra,
Carboni, & Marotto, 2010) Thepr ocess esti mates a userds curre

previously knowp oi nt , and adocaiontased uponmeasures speedls over an
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elap®d time and coursenformationthat could berovided by the accelerometer and compass).
A 2010 study found thanertia trackingaccurately deteetiuser orientation and displacement in
indoor environmats over shdrruns (fewethan 100 metergBerra, Carboni, & Marotto, 2010)
Furthermore,his couldserve as powerful tool that might improve database signal calibration
It seems logical that where the Wifingerprintd at abase fAseeso both recoc
user signals along a pathge unfamiliarsignal information could be added to the datatbase
further comparison a way of @A ¢ amdestneating locgtiont dfi Leareabgnizesl 0
signals. An algorithm could be developed thatould considetrends (time of day, day of week,
etc.)correspoding to new signals (such as busy times in a buildifige newsignal

information could then be used as the trends dictate, enhatatialgaseelevanceand

therebre, the accuracy of tracking.

History-based Tracking Another method of increasing localization accuracy entails a
history-based approach. Thisocedure woulémployusermobility prdfiles to specify the
likelihood o user location based on historiceserpatterngBahl & Padmanabhan, 2000This
approachcould assist irthe event of signal irregularity fromwas e devics

An examplewill help to illustrate this point. fla Wi-Fi database in a university building
was aware, based on previusage, that a student typically followed the spath to a certain
destination(i.e., a classroomat the same times on repeatdays, a user pattern would be
established. On a day corresponding to the pattern, the useramdeatong the wato the
destinationit is assumed tha&nvironmental circumstanceause an abnormal signal to be read,
where no match exists in the databasestead of losing track of the individual or estimating the

wrong location,heu s e r 6 g pattein €auld bre consulted to provide direction as needed.
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This type of approach has been tested in the past, with favorable résstisdy at the
University of Freiberg has shown that by using similar methestsnations of the wrong room
or wrongfloor could be improvedyp69.7% and 50%, respectively. Additionally, average
spatial error distance decreased by 8(Ztou, 2006) In another studyintel Research Seattle
found that when users revisited a place, an algorillowed for environment recogioiti more
than 90% of the time, withreors beingredwced upon each subsequent \{sitghtower,

LaMarca, & Smith, 2006)

3.5Potential Ramifications

There are aumber of ramifications to listoricalapproach, the most obvious being
privacy. It is important to highlight a ample key features of Wkinding for the sake of this
discussion. Firstvhere normal (non pattedmased wayfinding occurs, WFi signals are not
stored on the serveiThe information relayed by the user device camaeyzed without
archiving visitor informationsimply allowing the database to compare signals and return
wayfinding information to the us€Zhou, 2006) Second, where a @shistay mightbe usedit
is understandabkiat manyindividuals may not prefeio have their locations tracked, patterns
developed, or whereabouts known in a way that cbalgotentiallydiscovered by others. For
these, a patterhased approach maypt be attractive However, for auserwho suffers from
visual impairmentthe gains in accuradyy way of historical patternsmay outweigh any privacy
concerns.lt may even provid@eace of mindallowing user location to be proven at a later point
(i.e., a studat proving (shehad attended clagssWhatever the case, the author believesttieat
user should always control the decistoroptin or optout of any tracking system that might

store visitorsé signal i nformation
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There is yet anothgrerceved risk of using WFi as a foundation for wayfindingvhich
involves a danger for netwosgpoofing and location ddtase manipulation attacks
(Tippenhauer, Rasmussen, Popper, & Capkun, 2009 important to note, howevehat these
risks are not exclusive to WAinding This is a hazard of using Wi for virtually any purpose
Despite these known risks, Wi networks proliferate today. Just as when using~Nor
networking purposes, thesermusttake reasonableare to avoid spoofing or hackinghile
there are steps that theemiseoperator maylsoemploy to discourage any such attempts.
Indeed, should Wkinding find a foothold in the consumeranket, the issues of privacy,
seaurity, and device energy ceamption among others, willleserve greater attention and
investigation. The breadth of these issues is greater than the author could hope to address in the
course of this workNotwithstanding these questions, the use ofWietworks to provide
wayfinding services is a promising thought that does not appear to be very far off in the future.
Wi-Fi could endup becoming the medium for a variety of usdgackingstaff, hospital patients,
assets$ a variety of uses in addition to its initial purpgSe¢antchev, Schulz, Hoang, &
Ratchinski, 2008) As forWi-Finding, the ability for this technology to provide yn@mic,
interactive connectiowith the user malgeit an alluring subjedhat will undoubtedly find

greater attemn as time moves forward.
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Chapter 4 Assistive Technology

Wi-Findingis an approach that could be develofmthose who deal with thegors of
disability, such as individuals who have visual impairmeitssigned for this marke#Vi-
Findingwould represerman Assistive Technology approachssistive technologys defined as
A éany device or system that allows an individioaperform a task that they wioluotherwise be
unable to do, or increases the ease and safetywhitth the task can bgerformea (Cowan &
TurnerSmith, 1999, p. 325)In the TechnologyRelated Assistance for Individuals with
Disabiities Actof 198, assi stive technology is defined a
product sytem, whether acquired commercially off the shelf, modified stamized, that is
used to increse, maintain or improve functional capabilitigsralividuals with disabilitiee
(Section 3, para. 1)The intent of assistive technology is clédo alleviate strain upon person

who is impairedand encouragexpanded interaction within mainstream society.

4.1 Examples of Proposed Assistive Techlogies

Navbelt. For individuals who suffer from vision losa number oAssistive Technology
(AT) projectshave been undertaken in the pasime of which will be discussed he@ne
project, entitled th&lavbelt consists of a portable computeitrasonic sensors, and
stereophonic headphon@sgure24). Thevisually-impaired usewears the Navbelt around the
waist, in a style similarto@ f a n n y whpeahe kortable computer is carried as a backpack
(Shoval, Borenstein, & Koren, 1998The Navbelt provide auditory signals (or aacoustic

A | any )ethat is sent to the user through the headphames attempt to lead him/her around
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obdacles that may be presd®hoval, Borenstein, & Koren, 1998Yhe function of the system
is not much different from the idexd sonar guidance in submarines.

Smart-Robot. Another proposal, nametié SmartRobot entailsthree obstacle
detection sensors (ultrasonic and infrared), mounted to a chassis (similar in appearance to a
remotecontrolled car) that also holds other haade; such as a battery, GPS antenna, and RFID
antenngFigure24). During travel, th&martRobot provides audible informatida the user
through aspeakeon the chassiandtactile directionghrough vibrating motors embeddieda
glove worn by the visualympaired user. Thaformation fromthe speaker andirectional
information from the glovenotorsconstitute a wayfinding system that guides the user to the

intended destinatiofYelamarthi, Haas\ielsen, & Mothersell, 2010)

Figure 24 Navbelt (left) and SmartRobot (right) (Shoval, Borenstein, & Koren, 1994,
Yelamarthi, Haas, Nielsen, & Mothersell, 2010)

GuideCane. Yet another AT proposal, dubbed tBeideCanecomprises a long handle
and sensor headhit that is attached at the distal end (opposite the user) of the handle. The head

unit is attached to a steerable, tmubeeled axle. The user pushes the GuideCanelatiea
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him/herself essentially like a stroller. Ultrasonic sensors on the head unit detect obstacles and
steer the device around it. The user is able to sense the steering command as a force through the
handle and is encouraged to foll&dw i d e C a n(Boéessteip & Wirich, 1997)

There are likely hundreds thousandsf AT ideas (ranging from mere concept tofull
blown reality) all of which could not possiblge broacheih the course of this papeiThe
objectivein mentbning the concepts indicated aboveédsid readewisualizationof some
approacheandto illustratethatwhile AT device proposalmay alleviate the burden of a certain
disability, theymay be designedith user assumptiorthat sometimes can be inacate.
Further, even where the device provides needed assistance, the cogtagt imaone the user

desires.

4.2 Flaws in Assistive Technology Design

Assumptions of User Abilities One reason that AT devices are not always accdpted
those for whom thegre intendeds thatin an attempto overcome a disabilityAT developers
may unintentionally interfere witlotherexisting(nonimpaired)userabilities. For example,
assistive navigationaevices that require the ugerwear headphoneandeprive he individual
of sourds that @e vital to his/her perception of the environméfiishna, Colbry, Black,
Balasubramanian, & Panchanathan, 2008)ough the target audient® AT design are
individuals who suffer from impairmesitthesendividuak still haveotherabilitiesthat can help
compensatéor their disabilities but theymust not be obstructed

In a similar line of thought, AT developers must also be cognizant that an impagment
disability, in most cases, is neynonymos with a complete absenceaifility. Many
developers magissume that without an assistive technology, an individiraless, a view

that isnot oftenrepresentative of realitfShinohara & Wobbrock, 2011)t is critical that AT
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designergrasp the meaning of this critique. Whieis assumedhat the intended s er 0 s
affected ability has zero functigAT designmay aim to fulfill a need in an unnecessary way
Visual impairments provide a good example of thike fact that a person is classifiedo&ing
legally blind is different from the idea that an individual possesses ablgaho sight. In fact,
many individuals who have significant vision loss still possesgining visual abilitiesand use
those capbilities as far as they are able. Hence, some people with visual impainregntet
feel the need for a compléand potentially expensivé)T devicethat informs him/her of
objectsin the immediate vicinity, when they may be able to discern the sarieioown
through comparatively simple meana/hen AT devices cannot be customized to assist where
neededor scald back when unwanted\T solutions may prove unusable.

AT designers must also lagvare of another improper assumpfiotihe ideahatassistive
technologies functionB eliminatea pes o n OabilitydShisohara & Wobbrock, 2011)This
can lead to annrealisticexpectation bein@eveled upon an individual who has a disabilifihe
persommay gain from the se of AT assistancédjowever, his/her level of functionality may yet
be far off from what a neimpaired individual experiencesA 2003 survey oindividualswith
disabilitiesfound that 13 t®1% of respondents would still be unable to perform aitafdspite
the presence of an AT devicevithout additionabutsideaid. Further, the study showed that
where the impairment is mesevere, AT solutionare less likely to be used exclusivégree
& Freedman, 2003) Even wha an impairment has been essentially rectified by the AT device
one must recognize thather issuesayarise such as pain, fatiguer loss of time associated
with AT use The presence of the same can make it difficult for the user to functionisédrh
disability has been remediedmpletely nor siould developers expect that impairments will be

entirely remedied by the AT approach
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SocialRejection of Assistive Technology DesignsThere is another aspect of AT use
that is more difficult to mease. This relates to theocial consequensas®ciated with theise
of thesedevices Thismatter is far too oftedispensedwith by AT providers or perhaps
consideed onlyafter all other issues deemed more important baen resolvedDevelopers
mug appreciate that AT devicese not used in a vacuum, nor are they used in isolated
laboratories. Design of such technologies must be assessed for impacts on social and
professional interactionShinohara & Wobbrock, 2011At its heart the social impact of an
AT devicemay well determine wéther itfinds widespread acceptance (spelling success for the
developer) or overalHfilure (being viewed as a bligto matter how effective the design

When impaired indiduals use A devices, the apparatiiselfmayi announceodo (by
appearance, sound, etc.) the user 6s tianpbptai r men
unwanted responses. 1r2@10 study atite University of WashingtoUW), individuals slared
encountersvhere when strangers or others becaamare of anndividualb s | mpai r ment ,
participantswere offered unwanted help, monimpairedindividuals responded in ways that
were uninvited. This includedondisabled individualgrabbing, pushing or pullinopdividuals
with vision loss overarticulating or speaking lally to a person with hearing lgss even
composingemails in large fonten behalf ofindividuals with vision impairment&onsequently,
this individual hado adjusther ATsoftware thaalready allowecher to read smaller fonts)
(Shinohara & Wobbrock, 20110ner e s p 0 n d e in thérstudycaptutesehow individuals

may prefer the ability to acknowledge a disability on their own:

The kind of thing that have a problem with, and | do not use, is a white cane. | mean,

thatisi thatisehur dl e that, boy, thatés gonna be a\
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Because, it just immediately, kind of marks you out as different, as having vision
problems. Mospeople who meet me, until | tell them, have no idea. Andesguikind

of prefer that(Shinohara & Wobbrock, 2011, p. 709)

Where AT design effectively preservesa the
disability on his/her own accord, AT device use is likely to increase.

Assistive Technology Stigra. Considered from a socipkispective pbviousassistive
devices signal membership of amaiity groupi fithe disabled Along with this chssification
often comes a delugd attendant images of passivity and helplessness, rather than individual
identity or uniquenes@ocking, 1999) Sometimes, this is the case because assistive devices
may be aimed at the ilmpment(Figure25) rather than the persdBarber, 1996) The device
can then become a representatiomyfairment leading to the assumption that the user is
different from the rest of society. Wharmper® n 6 s-presenthation does not meepexted
social norms, the individual feund to deviate from others and social interaction is disrupted. It
is then that people may be marked faeithlifference Goffman(1959)defines this astigma

when anattribute that is deeply discrediting associate with an individual

Figure 25 A functional device may not be a socially acceptable devi¢attainment
Company, 201)
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Stigma creates invisible but knovearriers that limit the success of a class of indivislual
The limitationsindividualswho have disabilitieface in edgation, employment, housing and
transportation are naiwaysthe products of their medical idition, but are often the result of
social attitudes of neglect and stereotypical images aboutdudiMtapacities and needs
(Gartner & Joe, 1987)Oneparticipant in thestudyat UW shared her sentiments as to why she
did not disclose to her employer that she was losing her sight, apparently dus tj &gma

and societal implications

Il must admit, | kept it from them so they
job. Becauseknowi thiswas backinthe@6 s, and | saw how the w
people with disabilities were oftetagk | et g

more mainstream, ydook more able,the y onwoéer ekel y é t o be empl

(Shinohaa & Wobbrock, 2011, p. 712)

Therefore, while the use of assistivedenology may ease access for people who have visual
impairmentsthe use of assise technology caalsodisclose impairment and leadstgma.
This disclosure sometimes createsatmosphere of deviance and didia an identity from
which most would choose distance themselves. Individuals who possess impairraents
oftenconfronted with this dilemma of concealment or disclosasgheymayfind themselves
forced to tradesocial respect and empowerment for improved cooperation flioigrecy (Reich,
2006)

This is anaspect of AT design that shouléver be overlookedThere is anassociation

inferred between objectsal andhow individuals ted to definetheir idenity
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(Csikszentmihalyi, 1981)Within a consumer society, objects hameanings which people
attempt to transfer to themselvesgoyrchasg or using those objec(Barber, 1998 AT
devicesand their ownerare no different.n fact, one could make the argument that for these
devices, the effect is magnifiedThrough thaisetechnologies todgyndividuals not only
expand what they can do, bexpress their personal and ebcharacteristics, leading others to
make assumptions about their iden{fygure26). Unfortunately if the connotationsf an AT
deviceare negativethese are abandoned at higtesanot as a matter of function, lmitendue
to the personal meaniragsociated with theame(Pape, Kim, & Weiner, 2002)Adoption or
rejection of an assistive technology is best understood in context of its impacttona di vi d u al
identity (Hocking, 2000; Wielandt, McKenna, Tooth, & Strong, 20@g)hough the intent of an
assistive device is to help individuals overcomeairmentan assistive devicdatmarks auser
in a negative mannenay create social barriers tocagss, rather than helping the indival to

overcome the sam@&hinohara & Wobbrock, 2011)

Figure 26 The use of atypical devices can lead to assumptions being made about the user
(Dreamstime, 2011; Engage as you age, 2011)
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One study which examined thislationship found thaadolescentsvith disabilitiesmay
beat risk of rejection by nodisabled peerghen they are unable t@eform to social norms
(Mulcahey, 1992) For these individualdy e i n g fAisactrongalésiyetthe use of
assistive devices whidre viewed as unnatur@lay dr aw ot h eincedse thetristkent i on
of social isolation.Another study foundiiatwhen using AT was an opth and not an enforced
choice,definitions of what constituted normality seemed to be the principal factor that
determined whether or not young individuals wereingllto use the technolodgiKent & Smith,
2006) This can cause individuale refuseuseful technologiegreferring to conceal their
disabilities or ateast avoid being conspicuo(idocking, 1999) When onevisualizeshe AT
device proposalmdicatal at the beginning of this chapter, itnst difficult to imagine why
someuses might feel this way.Even when theusérs i mp a i r nhentherfrojmr event s
personally observintheappearance of the Adevice in the same way thaonimpaired
individualsmight, the social effect is nevertheless understdddeparticipant in thestudyat

UW shared the following:

| like things attractive. Whatever adaptive equipment, | want it to look nice. You know,

you got everybody with their iPods and their iPadd their Blackberries, you know, and
theydore whipped out, t heyodCasdsAppeiwbud and t h
not be selling their Al 0 stuff I f it wasno
maybe I dondt see andlwanbtalie, youtkiow,justpse opl e s ee

glamorous as the next gushinohara & Wobbrock, 2011, p. 709)

Another participant in the same study shared similar sentiments:
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The original BrailleNote used to ship d ecemeémnber what color they welleut they

were the ugliest earbuds you could possibke, bright orange or something. It came

with these hideous earbuds. And, | had one of my faérgighted friends§ is like,

fiman, youi thosethings are awful, dudeYou shouldneveru s e t And I$ad n@

i dea. But, of course, they just thought,

shipping this stufftp i t d i.@01&, pp. MOFQt e r

AT devices, tlerefore, must represent more than a remedypairment Without considering
the context and social interaction, a device which responds effectively to needs but fails to be
socially acepted is likely to be rejected

SeltAcceptance and Device Acceptae. It hasbeen established thiadividuals may
face a difficult time being accepted by others when their disakslfyblicized in unwanted
ways What has not been disssed is the idea that in many cases, timebadualsoften
struggleto accepthemselve$ that is,to psychologically accepthe reality thaimpairmentwill
accompany their life A 2002 studyby Papeetal. observedhatpeople with disabilities were
more likely to abandon an assistive device if they did not accept their disabthe device
socially excluded them (made them feel different from peers), or if the device sigmyficant
clashed with cultural values. Wheansidering individuals who have vision lo#sis
associdon is noteworthy, becausas stated eadr,anincrease in visual impairment prevalence
correlates to an increase in average age. In other words, many who suffer from visual
impaiments are not born with tleendition but experience the onset of the impairment at some

point (usually later)n life. These individua may struggle to accept their néfgstyle. For
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these individuals, a sociallgccepted AT device designay reduce itéikelihood of being

rejected.

4.3 Positive SocialImpacts of Assistive Technology
Thus far, the discussion has ceateon the negative and detracting aspects of AT design.
It is useful to understand that, just as these devices have the ability to carry a negative stigma, an
AT designthat makes a person feel less disabled and more like significant others possesses the
chances thats adoption will increas@Ravneberg, 2009; Wielandt, McKenna, Tooth, & Strong,
2006) Perhapsic ool 6 devices woul d i nskapabetazeverybnet a di
else(Shinohara & Wobbrock, 2011 Pullin (2009)emphasizedhataddressing creative conflicts
between function and fashionn assi sti ve technhnweéogwmamay oetippb
(p. 38) Shinohara and Witbrock(2011)found that if a device looked similar to mainstream
devices, participants did not report feelingf ssonscious
To obtain a high level of usabiligndwidespread adoptiomssistive technologies must
reduce phgical, cognitiveand linguisticeffort andpromote convenience, efficiency and
productivity. In other words, they must be functional. But even more importanplgsitive
impression of the usén the eyes of significant othemsust be establishg@oderstrom &
Ytterhus, 201Q) The availability of these technologies insaciallytransparent way will
contribute to full inclusiorwithin mainstream socief individuals who have disabilitig€€ ook,

2010)
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Chapter 5 Trends in Inclusive Design

5.1 Historical DesignApproachesfor Individuals with Disabilities
The functional, aesthetic and social demands placed updirtdesignercan be
overwhelming and difficult to meet. This task @arenseem unattainahlas the goal is often a
moving target This may belue toeconomic constrainthatobligate AT developers tawait
the introduction of new technology(s) upon whible AT device can be basedThus,being
reactive, onc@T artifacts have been designed around a mainstream technologyaitngtream
technology itself has moved forwatdavingthe AT device(and its usergp the past
(Dobrarsky & Hargittai, 2006; Emiliani, 2006)This thought is capturedimn e par ti ci pant

statemenin the study conducted by Shinohara & Wobbr(2{kL1)

A term that gets thrown around sometimes is blind ghettoptoduc ¢é cel | phone
l' i ke, all these neat features and stuff, b
you know, it doesndét even have | i ke, 802.1

You know, but it costs six grand. | mean, come(pn708)

Much of this blame can be placed on bam@imum efforts to satisfy the needs of timelividuals
with disabilitiesby the entities running at the front of the technology cuAdéhough theU.S.

was thefirst nation tofully embrace and codify design as a civil right for people with disabilities
(Fletcher, et al., 2010in the past these codes weiffeen adopted by coercipleading to

satisfactoryoutcomegqby definition ofthe code) that wereardly bre&through.
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5.2Inclusive Design Motivation

New requirementand demographic trends, howevesye triggereanore progressive
approaches, resulting in positive chanfprghose who suffer from impairment®ne force
behindthis change ishe Workforce Investment Act of 1998. Section 508 of the Rehabilitation

Act Amendments, as amended by the Workforce Investment Act of 1998, reifpeifeiowing:

éewhen Federal agencies devel op, foomatoncur e, m
technology, they shall ensure that the electronic and information technology allows

Federal employees with disabilities to have access to and use of information and data that

is comparable to the access to and use of information and data bglfeedeloyees who

are not individuals with disabilities, unless an undue burden would be imposieel on
agency.Section 508 also requires that individuals with disabilities, who are members of

the public seeking information or services from a Federal agé&awe access to and use

of information and data that is comparable to that provided to the public who are not

indi vidual s wWArdhitectudal asdaThanspoitation @arréers Compliance

Board, 2000, p. &D0)

An important element of this legislationatso found in Paragraph (d) of the same document

which firequires thasoftware programs, through the use of program code, make information
about the programds cont rap. 80508)eSactiom BSbefthby a s s i
Communications Act of 199@as anothecatalystfor AT developmentwhichintroduced

performancebased requirements based upon timetional capacity of the communication
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technologies. It assumes that technologyyisamnic and continuously changiagd that
performance measures can be responsive to an evolvingddge baséFletcher, et al., 2010)

In essence, these measures require (atde#se Federal level avithin the genre of
communication technologieff)at electronic and information technologies must be equally
accessible by all indivigals, including those who have disabiliti€ghis hasinstigated the
development of all sorts abftware programs that enabled those wreviouslymay have had
great difficulty using the samdt also contractethedisparity intime between the introduction
of new, mainstream technologies and thesequenAT devices based orthe same In many

cases, théntroductions of botimowtake place concurrently.

5.3Consumer Market Response

Although these measures largely did astablisnew, compulsory standards the
private sectorthey did serveasa wakeup callfor theconsumer markestimuhting the growth
of new design movementsuch asnclusive cesign anduniversal @sign (also known asans
generational desigor design for al. Inclusive desigmstipulates that the design of products and
environments mugdie usable by everyone, teetigreatest extent possible, without the need for
adaptation or specialized desi@urgstahler, 2011)Universal desigmnspires developers to
makemore intuitiveproducts that wdebetterwith less effort andower riskof injury. It makes
products usable for people wittgeeater diversity of abilities1 a wider range of environments
for a longer period of their liveand as their abilities chan@®auer & Lane, 2006) The
interests of theseauses have allowed for renewaahsideration and vigdhat contemplates the
needs ofll users within the design field.

Alas, corporate goodwill mayat be the only motivation for inclusive desigpproaches.

It is certain that a large number of thesétes recognize the changing demographics in the
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largest consumer markets, resulting in a floungtof market demand fodevicesadhering to
the principles of inclusive desigiithegr o wi ng s e n i o oradsgver forainnavation, 1 s a 1
attracting he attention of major manufacturers of telecommunication, computdih beee, and
consumer product®auer & Lane, 2006) Whereas the focus may haween upon meeting a
code (if oneexisted) in the past, the focus is nowaplesign and usabilityThough attitudinal
barriers may keep f ir msaboittheextieniidherendorsergeramdh ei r o
adoption of inclusivelesigrs, there is no doubt that thtkesign fieldis evolving to incorporati
(Fletcher, et al., 2010)
An example of this isite World Wide Web Consortiumvhichbegan the We
Accessibility Initiative (WAI). The WAI rejectthe narrower gal of making the web usable
through the use of assistive technology by indiaid who suffer from vision logslthough a
promising goal)jnsteadfavoring a quest for building knowledge that makes the web more
usable by everyon@cluding older user@-letcher, et al., 2010)Aims such as thisave ceated
increased buyn from all corners of the consumer market. This is creating substantial change
within the tehnologybased approaches that are usetthé@fields of disability and rehabilitation
(Robitaille, 2010) Increasingly technological innovationsayeloped for specific market genres
(such as individuals with disabilitieBave considerable crossarket relevace (Bauer & Lane,
2006) What may benep e r smoamgirgam technology ntigbeanote r per sonédés AT ¢
(Petrie & Edwards, 2006)One instance of this approach is BieBig Button 100 telephone
(Figure27), originally designed for elerly people and sold through BTspecialneeds
catalogue. Whin one month of its release, the Big Button 100 telephones B Urtb-sest

selling phone and the ninthest selling irthemarket(Disability Rights Commission, 2004)
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Figure 27 BT Big Button 100 (BT, 2011)

; 3
s

5.4Inclusive Design versus Assistive Technology

Traditiondly, inclusive desigrand ATapproachebave leen seen as two distinct topics,
each side claiming possession of their resige territory(Petrie & Edwards, 2006)This
sometimes led tekirmishes between inclusive design devotees and tnaali#or device
experts These squabblésmve given way to a common commént to promote inclusiveegign
as a baseline for standard prodyetsh AT spanning the gafor individual usersvhose
functional limitations libeyond theeach of the inclusive baselifi€letcher, et al., 2010)
Today,mainstream product and Aflevice marufacturers are entering intmllaborative
relationships that leverage the ATa n u f a auniquekmowlédge of disability m&ets. In
turn, AT manufacturerdiave benefitted frorthe enlargedechnical, financial, marketingnd
distribution caphilities thesemainstream manufacturgpessess. This has resulted in vastly

improved hightquality products that atiatroduced into a broader marketplace within shorter
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timeframegqBauer & Lane, 2006) Insofar as its appazh can reachnclusive designs
allowinga greater diversity of usets participate in new product releases that previously may
have been available ontyg the nonimpaired publicor only to individuals with impairments
after theyhad taken exhaustiyeustomized measures to enable their access to the desired
technology

Inclusive Designand AT Inputs. One inclusive desigtechnique place8 h o owkthgno
mainstream technologies, allowing for a&tisietechnologies to latch on and establish an
interaction between the maineamm technology anduserwho may have a disabilitftewis,
Eckert, & Clarkson, 2004)Mi cr osoft 6 s operating sastadllever, Wi nd
ATs such as screen readerateessnformation that the AT software transforrmgo synthetic
speech or Braille that is transmitted to Uneer as desire@Petrie, 2001) Mainstream products
alsoincreasingly employi hi ddend means for athatadembatedn f or d
within the product purchasdwy all individuak, disabled or not. Examples inclugi®wsers
which allow users tehangeont and graphic sizeand operating systems which allow keyboard
and mouse customizations. This can also be ardifit approach that cancels out the need for a
separate AT purchase, suchfap p | Veice®ver(Figure28), a screesreading technology
made availale on every version of Mac OS X, aAgple Spotlight, which allows users to
launchapplications and conduct all functions using only a keyb{fedcher, et al., 2010)
Similar features, such @sxt-to-speech functionalitiegrebuilt into products such as the

Amazon Kindle andnany Androidbased devicettroud, 2010)
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Figure 28 Apple iPhone with VoiceOver Software(Apple, 2011)

VoiceOver speaks items on the
screen.

To select an item
Touch i,

To activate the selected item
Double-tap.

To scroll
Flick three fingers.

Speak Hints m

In many ways, the competition to develbye most inclusive desigimiendly device is
just beginningto heatup, largely to the benefit of all consumebicrosoft and Apple are
perhaps the most obvious examples of this rivalry, but othedavellvn entities such as Google
and Android are entering the mix more and more. Smaller, appliespi@ific competitors will
also play a role, such as SmartArt, which since 2007 has allowed users to access graphics tools
and create complex graphics ot having to use a mou@€etcher, et al., 2010)Mainstream
technologiesvailable offthe-shelf with embedded/hidden inclusive desigols will also spur
the development of other tecHagies that make use of these inclusive deaigs. One
example is Apple, whose decision to make iPhone application software freely eveilab

anyone has generated a spectacular windfalpplications some with the potential topkace
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assistive technologfFletcher, et al., 2010)This creates an opportunity for Alevelopment at
reduced cost. Andre Luk#dg director of computer services at the Hadley School for the Blind,
agrees: AfBecause these are mainstream device
money 1 n t h(Stroude20lPpara.ly.o gy 0
Consequently, these mainstretenhnobgy devices are becoming tools that function in a
variety of manners depending on user neddiss also allows users with disabilitiestake
advantage of a wide range of technologfeaturesand enablethe use ofnany programshat
previously were Hnited to ATFspecific devices Tracy Gray, director of the Natial Center for
Technology Innovation, confirms the sarfiewh at wed6r e seeing is a gr o\
technology for general consumers andhteco | o gy f or (Birobd, 20i0pam.t3. ne e d s, ¢
Inclusive Design Limitations. While inclusive desigmas certainly grayed the line
between mainstream technology and assistive technatagust be acknowledgdtiat itcan
only go so far in meeting the needs of users with disabilidésomepoint, extra technologies
(i.e., AT-specific devices) are needed to allomiversal accesshere inclusive desighased
approaches faihort(Petrie & Edwards, 2006)It is also worth noting that althougiclusive
desigh advances have been great, barrientstavidespreagdoption still exist, one of the most
significant being theost to offer inclusive desigmplementations on wide range ovariety of
technology platformsIn practice, manufacturensay haveo limit the extent of platforms
offered(Fletcher, et al., 2010)Nonetheles, there is no doubt that inclusive desigiallowing
for an everexpanding set of user3heir access toff-the-shelf toos once reserved for only
those withaut disabilities will mean more empowerment and social acceptance for all

(Robitaille, 2010)
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Chapter 6 Existing Technology and Consumer Use

In order to develop an appropriate concept forRiiding applicationst is necessary to
examine the benchmark standards that the device must meet. Further, an assessment of current
technologies would reveal whether current approaches exist that could implerdieindivg in

a seamless manner.

6.1 Wi-Finding Device Criteria

Obviously, aflundamental requirement of tidevice would be the ability tooanect to
Wi-Fi networks. he device must relay information to the user, whether visually, through tactile
sengs, audibly, etc., anthust allow foruser customizatioto accounfor the presence dack of
user abilities. The presence dfooksthatallow for AT software usagand/orembedded features
that allow forits use by most disabled us@vgould be essential, as well. Finally, any existing

technology employing each dfése characteristics would need to be reasonably affordable.

6.2 Smartphones

Many snartphones and smart devi¢ésgure 29) on the market today employ inclusive
designcharacteristicén addition to a wide feature set that wouldka this platform an attractive
medium through which Wiinding could be offered to individuals with disabilities. Before
assuming that this is the ideal approach, it would also be worth discussing whether these devices
are even a rational choider individuals who are sight impaired, especially in light of the

correlation between vision loss and older age.
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6.2 SmartphoneMarket Penetration and Demographic Use

It may be tempting to assume tlaavayfinding approach that employs the use of
smartphongor smartphondike devices idettersuited towards younger individuaksthe
assumption may be thalder individuals may ntouse mobile phones extensivalgd would be
even less likely to own smartphonda light of historic mobile carrier phonesagethis
criticism may be expectedrhis critique however, ignores the fact that smartphone devices have
not been around very lond=ven the prevalence of normal mobile phones is a rather recent

development, becoming widespread only during the last decade

Figure 29 Examples of smart device§Newsarama, 2011; Pective, 2011; Tech2, 2011;
Verizon Wireless, 2011)
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Older ppulations are adopting mob@emmunication formst an increasing pace

(Figure30). The drift towards mobileommunication devices among all population ages is a
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known fact that has been studied by the Center for Disease Control (CDC). The CDC found that
in 2010, more than orie every four homes in the U.S. had onipbile carriettelephons

(Figure31). Three years earlier, this figure was one in every eight households, demonstrating

how quickly houseblds are moving towards portable cellulmmmuncations and away from
landlines(Blumberg & Luke, 2010)The CDC6s data does show that
likely to live inacellulafo n 1l y h o u s evh o le daeghfseddy she reppriHowever,

growth of cdlular-only households is very rapid among the elderly, particularly over the last few

years.

Figure 30 Data on individuals with only mobile telephone servicéy age(Blumberg &
Luke, 2010)

Polynomial regression equations fitted to a plot of the
percentage of adults living in households with only wireless
telephone service, by single year of age and year of

interview: United States, 2003—-2009

Percent of adults aged 18 years and over
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MNOTE: Curves fitted by sixdh-order polynomial regressian,
DATA SOURCE: COCMNCHS, National Heafth Intarview Survey.
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Figure 31 Percentages of households with only mobile phone servi@&umberg & Luke,
2010)

Percentages of adults and children living in
households with only wireless telephone service or
no telephone service: United States, 2003-2009
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MOTE: Adulis are aged 18 years and over; children ane under age 18.
DATA SOURCE: COC/MNCHS, National Haalth Intarview Survey.

As for smartphones, within a matter of a few years tdes&es havalreadyestablished
considerable market presse and their popularity is gainimgnsumer attention quicklyA 2010
Nielsen study found that 28 percent of Uneless users owsmartphonegNielsen Wire,
2010a) Ni el sends datHRgure® Forg-five persaet of regpdndenmmdicated
that their nextellulardevice will be a smartphond®y the end of 2011, Nielsen expects there
will be moresmartphones inse inthe U.S. market thatypical mobilecarrier feature phones
(Nielsen Wire, 2010b) Whereit was veryuncommon to see these devices oaligw years ago,
they are now becomirtgchnologystapleswithin mainstream societyThuswh en t he CDCO6 s

report i s consi der editiopsatiismgpargnt thatiindividudsd e | sends p
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households are turning to mohiéones atheir primaryform of telephonebased
communication (if not the only form of telephone communication), andsthattphonesvill
soon outnumber feature phoné&siventhe trends, it appears foreseeable that these trends will

influence all ages of society within the next decade.

Figure 32 U.S. Smartphone Penetration & ProjectiongNielsen Wire, 2010a)

© Feature Phone < Smartphone Source: The Nielsen Company

It is alsoworth noting thathe nature o€onsumer uses evolving rapidly, asisers move
from normal featur@honego smart dewies Nielsen Wirgound that 5% of featurphone
users access Wi with their phone, as oppos&ni50% of smartphone usg10b) The
ability for smartphone owner® connect to WFi networks is a distinct advantage over feature

phones, but not the only ontnternet connectivityaside, the computing means of snoavices
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has become so advaettthat they are beingsed in a variety ovays with whichfeature phones
could never competd-or a matter of &w hundred dollars (ofteless, when purchasedth a

mobile carrier contragtuserscan access a multitude of applicati@amgl information Many of

these devices have more accessibility software built into them than most computers had just a
few years ag@Akkad, 2010) Applications, s pPpiAs 0 desi gned,afealso smart d
exploding in popularity. 2009, 300 million smart phonep¥s were downloaded, but just one
year later, 5 billion wereavnloaded a 16fold increas€Mobile Future, 2011) The

smarphone revolutiorhas turned onesimple phones into multipurpose deviedse to indicate

i nf or mat i o locatdrhsociatcalemdnae favsie restaurarstand much, much more.

These deviceare clanging the manner in which individuatgeractwith their surroundings and
with each otheraffectingculture, dentity, and relationshipgTraxler, 2008) Their usdor
wayfindingpurposesvould not seem unusual or unfitting in most social environmasts
individuals use smartphones for all sorts of purposes within mainstream soCietysideing

that many smartphones areadable offthe-shelf withembedded features that allow access by
the disabledcommunity, or are present with hoakst allow accesthrough the use of AT

software the result is that individuals who suffer from disabisitere largely able to access the
same applications everyone else c@his leads the author to believe tiredividuals who are
visually impaired whether of adanced age or not, will be just as likelyadopt a WAFi

navigation system deployed througfetuse of smartphones and otberart devices.

6.3 Assistive TechnologySpecific Device Relevance
While Wi-Findingcould essentially be delivered to consumersanaxisting
smartphonehat implemerginclusive designsit does not necessarily indicateat anAT device

approach is inappropriate. For one, it is necessaidentify whether Wiindingis attractive to
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the general population, or only to smaller crowds, su¢hase who suffer from disabilitiedf
the concept proved unpopular to trereral public, an ATspecific device designed around the
needs of individuals with disabilities may be a more fitting method efFWiling delivery.
Neverthelesshe foregoing AT design discussiof@hapter 4would be implemented, in hopes
of providing asocially-acceptable, functional product that would please potential usarther,

it is conceivable that thidesign approach, whilatended fouuserswith disabilities could prove
popular for noAmpaired individualsvho may beconsidering the purclsa ofa smartphone or
smart device, @thas occurred in the pdsikkad, 2010) At this point, however, it is unclear
whether an AT desigrnp@roach or an inclusive design implementaihbetter, or if both
options present atictive paths towards this goal. This is an answer the author souipiose

by way of further study.
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Chapter 7 Wayfinding Study

7.1 Building Description

An important step in determining the gengrall b | i ¢ 6 sWi-&iedsgiste f or
assessment of how well traditional, statiayfinding methodsire meeting general useeeds
The author operates under the assumptionfthati he gener al paepleddat i ond s
being met at agasonable level by traditional approachas overarchingheedfor Wi-Finding
probably does not existinder this outcomeanassistive technologgtesign approach would be
adoptedn an effort to meet the needs of those who have disahilibesthe other hand, if the
general public expresses a defimethe same, aimclusive desigrapproach would be fitting.

To gaugagenerauserwayfindingdemand, thauthor identified several criteria to select
abuilding where navigatiowas expected to be very challenging for visitorslaye building
with a onsiderable amount of foot traffic (potential survey candidates)necessayyvhile
building symmetrywith limited featuresllowing spatial ori@tation, would likdy challenge the
effectiveness of visitor wayfindingA general lack ofvayfinding aids(i.e., signage) was also
desired for the purposes of this studyjhese characteristics would essentially blend to farm
worstcasescerario, where a high level ovayfinding demandwiould be anticipateah light ofa
rather challengingnvironment

Auburn Universityds Hal ey C(Figutce®) Buitins s el ect
1969, he buildingisthea ni ver sit yos | ar gie09A0 squareofeed X0i ng mor e
floors), capable of serving 8,000 sterits during aaéemic hoursand likely the busiedtuilding

on campus as wdlAuburn University Libraries, 2011; Auburn University, College of
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Education, 2011) To this dg, very limited wayfinding aidare presenwithin the stricture

There are a few locations where signage is posted, though the signs are usually small and
sometimes posted in inconspicuous areas. Some departments or individuals have even resorted
to posting their own departmespecific signage to assist visitguidancgFigure34). Room
numbering within the building is also a challenging issue, as numbers do follow a pattern, though
thenumberingsequencés not immediately apparent. Yet another potential for disorientation
exists lecause the building is largely symmetrical within the intgaor all leveld, and there are

few features that allow for orientation to be established

Figure 33 Haley Center Exterior
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A physicaldescriptionof this building would be beneficialOn the main floor, Haley

Center $ composed of a central hallwayn d

f o u (Figure®). aTteshallway (the most

popular @trance into the building, with multiplentry point3 provides a conneacmn to various

destinationsvithin the buildingvia elevator access, stairway asg and quad entrances. The

guads (each situated at corners ofrttaen hallway) house classroomscdhaffices the typical

destinationgor building visitors. The second and third floors are simildayout to the main

floor, while the upper floors have no quad ar@adhouse department ordividual professor

offices Foot traffic is considerablyighter on these floors.

Figure 35 Haley Center: Main floor layout
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7.2 Introduction of Wayfinding System
The author mapped out the main floor of Haley Centerdmsijned a series of 22
wayfindingsigns of varying size and apaence Fourof thesewere largedouble-sidedsigns
approximately 21 inches tall by 33 inches widenother onesided sign, of identical
measurement and similar layout, also joined this grodipesesigns weresuspendegdouble
sided signs) or affixe(bneside sign)n the main hallwayjust outsidequadentrance within the
building interior Each sign provided directions to various quad locations, occasiondiahisec
to various departments, as well indications of bathroom and stairway locatinosg other
details. Two morefirst-floor overviewii maps o (t hese werenotaf fi xed to
trangortable), oriented to visitgrositionwhen viewedwere also displayed in the main hallway
area Each of these measured 15 inches wide by 22 inclhe&\tafor the quad areaa,total of
eight signs were posted amotwgo quadswhile in anotheguad (one with a more complex
layout), seven signs were posted. These vadfiged towalls about 60 inches from the floor.
While there was a little variatiin the size of the quad signs (depending on the extent of
information being relyed), none was smaller than $héhes tall ly 20 inches wide (The
remaining firstfloorquad occupi ed by the uni ver sduettoyite s b ook
own setof wayfinding feature$. The signs are depicted frigure36. Figure37 provides
examples of the areas where the signs were posted withuilding (loth figures a& presered

on the following page
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Figure 36 Examples of test signage installed at Haley Center
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Figure 37 Examples of areas where test signage was posted
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7.3 Haley CenterVisitor Survey and Results

Within the weeldollowing the posting of the signsisitors to Haley Center were
randomly approacheaind asked to completeonepage survey. These individuals weile
contacted while on the mailoor in areas where the signs were posted (it would baea very
unlikely thatindividuals had noalreadypassed any of the signs). In altpgal of 135 visitors
completed the surveyAn example of this survey is given on the next pgggure38), while
the results of the survey questions are expregsadlly in tables that followKigure39to

Figure44).
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Figure 38 Haley Center survey

This questionnaire is an attempt to gather information about effective ways to distribute direc-
tional information / navigational information. Your thoughts are appreciated!

I

In the past, how have you found your destination at Haley Centere

QO I found my way on my own (hit or miss approach)

O | asked for directions

O I followed signage that was previously posted
Other

. How often do you visit Haley Centere:

O 2 times a week or more O 1-2 times a month
O Once a week O Less than once a month
Please indicate your opinion regarding the following statement:
“It is easy to find your way around at Haley Center.”
Strongly Agree Agree Neutral Disagree  Strongly Disagree Don’t Know
O O O O O O
Before being handed this survey, did you nofice any signs like the ones seen below?
BELES GENIRA HALEY CENTER /

i FeLf=! CRTITTI— /1

A

oo 9 1400 Quad -z REIES

. If yes, please share your thoughts about the directions posted on the signs:

O Directions were helpful

O Directions were unclear

O I dlready knew where | was going (didn't pay attention to signs)
Other

Let’s assume you are looking for a new location inside Haley Center -- but you have no idec
where it is. Which of the following would you use (if it was available)?

O I would look for printed materials (signs, maps) that give a general idea of the location
O I'would follow interactive directions sent over Wi-Fi to my smartphone / smart device
that would guide me to the exact location (similar to GPS)
O I'would look at a map available online (pdf or other image)
Other

. How often do you use your cell phone for more than just making calls?

O 1-2timesaday O 6-10 times a day O I couldn't count - but it's a lot
O 3-5timesaday O 11-20 times a day O I don't use a cell phone

Please feel free to share any thoughts/suggestions on the back of this page. Thank you!
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Figure 39 The majority of visitors at Haley Center find their way on their own

In the past, how have you found your destination at Haley Center?

20 %+

| found my way on my own | asked for directions | followed signage that
(hit or miss approach) was previously posted

Figure 40 Most respondents visit Haley Center many times a week

How often do you visit Haley Center?

100 %

20 % —

45%
22% 15%

0% —

T
2 times a week or more Once a week 1-2 times a month Less than once a month
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Figure4lA maj ority find it

Please indicate your opinion regarding the following statement: "ltis
easy to find your way around at Haley Center”.

368 %
241%
08%
23%
143%

218%

s di fficul

B Strongly Agree
B Agres

. Neutral

I Disagree

B Strongly Disagree
m Don't Know

Figure 42 Over 25% of participants did not observe posted test signage

Before being handed this survey, did you notice any signs like the ones seen

below?

726 %

79

274 %

B Yes
. No

t

t

0]



Figure 43 Many found directions helpful, many did not pay attention

Ifyes, please share your thoughts about the directions posted on
the signs:

67.3%

B Directions were helpful
B Directions were unclear
| already knew where

I | was going (didn't pay
attention to signs)

1.9% 35.5%

Figure 44 Most respondents prefer signage

Let's assume you are looking for a new location inside Haley Center -- but you have no idea
where it is. Which of the following would you use (if it was available)?

100 %

4T%

80 % —

60 % —

40 % —

20 % —

0% —
| would look for printed | would follow interactive | would look at a
materials (signs. maps) directions sent over map available online
that give a general ... Wi-Fi to my smartphon... (pdf or atherimage)
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7.4 SurveyResults Analysis

An anaysis of the survey results indicates that most individuals believed wayfinding to
be a challenging task at Haley Cer(teigure41- over 60% either agreed or strongly agreed
with this thought) Thus, the use of thizuilding to determine the effectiveness of wayfinding
signage would seemppropriate. The survey also indicated that an overwhelming number of
individuals found their way through the building on their own. A far smaller nufobewed
existing signageyhereas anven smaller segment askéor directions. Thisaises the notion
that in the past, wayfinding within Hal&enter may have been nothing short of an experimental
approachand might be greatly improved Itlye addition of wayfinding aids, such as the test
signage.

While over 70% of respondents noticed the test signage, over one in four ¢(figuoe
42). This statistic points out a major limitation of signagée inability to be located in the
Airght pl aced &oftallindivieluald For thdsd that did matiae the signsst under
70% of respondents sharedttdaections were helpfuFigure43), while 35.8% indicated that
they already knew where they were goargl didnot to pay attendn to directiongnote: some
respondents gave more than one answer for this question). Relatively few voiced opinions
regarding whethedirections on the signs were unclear.

More than 92%ndicatedthey visit Haley Center two times a week or m@rgure40).
Participants also shared thaten given three different wayfinding optionisey strondy
preferedthe use of pnted wayfinding materialdHigure44) over looking at a map onlire
using ineractive WiFi directions sent to their phongsverall,6.9%o0f respondentsdicated

desire for WiFi wayfinding).
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Thesurvey questiongere also posed to two individuals who suffer from significant
vision loss. Both individuals expressed that it hadrbdifficult to navigate their way at Haley
Center when they hdast come to Auburn University, but they were now used to the building
(wayfinding was not so much of a problem anymore). Due to the extent of their impairments,
neither was awa that tessignagehad been posted, although each individual had been inside
Haley Center repeatedly after the new signs were displagbgiously, the test signage had not
fulfilled any wayfinding needs for thenBoth individuals, however, did expressargst n the
idea of WiFinding and stated that they would choose the same for wayfinding purposes if it was
available for use.

The initial impression of the survey resultewid indicate that the general public finds
traditional, static forms of wayfinding to Isatisfactory(Figure44). The interactive, Wi
based system, on the other hand, seemed to be a naoeeptdhat was attractive tdimited
few. This could lead to the conclusion that angpEcific device approach woule varranted,
as demad for a mainstreaminclusive desigrfocused device mighie scarcdor this

application A further look at this surveyhoweverreveas some telling points.

7.5Potential Survey Flaws

It became apparent that many participants suegebat the individuals administering
the surveys (the author and several cohorts) had either dedelog test signage were closely
associated ttheindividual who had done so. In fact, respondents often asked this question
while completing the suey. In light of the same, is possible that survey participants felt
inclined to provide oveytpositive responses because they could appreciate that sohabne
finally installed wayfinding aids at Haley Center, even if they did not depend on thgehtto

their destination.
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In fact, it is certain that many respondents did not depend on the test signage to find their
way. As mentioned earlie§2.5% of respondents indicated that they attend Haley Center two
times a week omore(Figure40), andmostrespondentiad previously found their way viin
Haley Center on their owfrigure39). The contusion here is that thegarticipants weregt
least on some level, already familiar with the laydutialey Center.Their commentseflected
thisidea. Onenoteil b ut [ twoeu I sdi gones lhel pf ul andanothter was my
shared, AThey wil/ be helpful abAnbthee begi nnin
remarkedii Wher e werd tfhesd Elesareommeants ienplyothat individuals
had experienced a need at some previous point, but those needs had already been satisfied before
the survey was administerdeiven when asked what method participambsild use to find a
locationin the building when they had no idea where the destinatas) it was apparent that
many could still find their way without argxternalwayfinding assistancefilf given quad #, |
canfinbwas one participantds wr i flfllmowmomom#ent , wh
find that way by knowing which | evel and quad

Unfortunately, timing appaed to be a major factor affecting the survey outcome.
Surveys weradministerednid-semester a time when searching for new destinations in an
academiduilding would be unlikely Had surveys been takama time when individuals were
seeking unfamiliar desiations, with visitors who wenelatively or completely unfailiar with
the building layoutthe author believes that the results ofsherey mg have beemuch
different. This is not to say that interest\iMi-Finding would have increasedowever,
evaluations of the test signage may have been more objectiveesthis obtained (at least
those pertaining to the test signage) appear tadresuperficial than revealingbout the

effectiveness of the test signage
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Respondents were also asked about cell phone use (for tasks outside of making phone
calls), with the expectation that increased cell phone use would correlate with an increaeed desi
for Wi-Finding. In the end, no sh correlation was notedrheabsence of this relationship was
compounded by the failure to directdgk respondents if they oed a smartphoneSurvey
wording was designed tmnvey that any respondecduld select VW Findingas their preferred
form of navigationregardless of whether they owned a smartphone qFptre 38, question
6). This intent was apparently not understood by at least some. One respondent who had
indicated a prefemcefors i gnage noted, Al would use the int
s mar t p Hao thesureey revealed who owradartphones and whigiarticipantdid not,

this data could have allowed for moredapthanalysis of the survey results

7.6 Haley Center Survey Conclusions

The foregoing concerns natiga couplemportant piecesf information gleaned from the
survey remain clear. One, wathplemented signage is an important aspect of wayfinding for
many, and perhaps the first thing that the gahpublic looks for vinen entering a largscale,
unfamiliarenvironment Two, the general public may have desires for a wireless, interactive
wayfinding system, bugat least in the contéxf Haley Center) the demand doex appear to
begreat

The survey also raises mogpiestiors. I n | ight oobisfaméisitpwith dent s o
Haley Center, their dependenapon the wayfinding system appeared to be minimbelow
would individuals reacti an environment where they anefamiliar with their suwunding®
Further, how mighthe building environment (and purpose for wayfindislggpeuser needs?
An examination of visitors in an unfamiliar environment would appear to answer these questions

and provide the opportunity for comparison with the H&epnter survey results.
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7.7 Introduction of Airport Visitor Survey

Analysis of wayfinding needs in an airport environment represents a substantial change in
visitor contextirom that of Haley Centerlt is not difficult to imagine that in many instances
airport guestsnay beentirely unfamiliar with thdocale Additionally, visitor entrance into the
environment typicallyoccursat numerous pointsvhere traditional wayfinding approaches may
not be realistically capable of providisgatial orientatiomtor nearby every visitor entrance
Successful wayfindingn the context of an airpodanalsobedependent upoalear, timely
delivery ofinformation wherdghe potentiactonsequencesf confusion and error can be large
the visitor. This may creat unique,heightened wayfindingemana different from what was
observed at Haley CenteA survey was createtd determine user needs in airport
environmers. |t was the author 6s i abtoadrségmaenioof capt ur e
individualsand to estblishvisitor wayfinding demandswvithin an airport when thegre at their

greatest. The survey questions are represented on the next two frages@5).
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Figure 45 Airport survey

Airport navigation

| am analyzing how people use different methods to process navigational information, and how directional needs are
affected by environment and context. | would really appreciate your time answering the eight questions listed here. Thank
you for your helpl!

1. In the past, what has been your primary method for finding your departure gate at an
airport?

O | followed posted signs/directions

o | asked for assistance from staff

O | used a printed map/manual provided by the airport or airline

O | printed a map before arriving and used it at the airport

Other (please specify)

2. Generally speaking, where has it been most challenging to find your departure gate?

O your home/local airport

O a connecting airport

O the airport in the city/place where you have been visiting

Why?

3. Assuming each of the following were available, please check the box(es) indicating
navigational aids you would likely use when searching for your departure gate at the
following types of airports (check all that apply):

Realtime, directional

instructions and flight .
Handheld manual/map  An airport map | had

Directions provided by information delivered . . X
obtained at airport or on printed myself before my

staff over Wi-Fi to my
smartphone/device (like

GPS)
Homeflocal D D D D
airport

[
Connecting D D D D D
[]

airport
Destination |:| I:' |:| |:|

airport

Directional sighage
airplane arrival at the airport
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Airport navigation

4. Please rank the following navigational aids, from least preferred (1) to most preferred
(5), under the assumption that you are in an airport where finding your departure gate
poses the greatest challenge to you.

1 (least preferred) 2 3 4 5 (most preferred)
Directional signage C C C C C
Realtime, directional instructions and C C C C C

flight information delivered over Wi-Fi to

my smartphone/device (like GPS)

An airport map | had printed myself C ‘el C C C
before my arrival at the airport

Handheld manual/map provided by e C e C C
airport or airline onsite

Directions provided by staff C C C C C

Please indicate the reason for your most preferred choice

5. What is the most common reason you fly?

" Business € Leisure - | typically fly with teens and/or adults and older
C  Leisure - | usually fly alone € Leisure - | typically fly with others including children 12 and
younger
Other (please specify)

6. How often do you fly commercially?

C Oncea year or less C  4-6timesa year © 10-11 times a year

C  2.3timesa year C 79timesa year " About once a month or more

7. How often do you user your cell phone for more than just making calls? (text
messaging, Internet, etc.)

12 times a day € 11-20 times a day I don't use a cell phone
C  3-5times a day C 21+ times a day
' 6-10 times a day 1 use my cell phene for phone calls

only

Other (please specify)

I |

8. Do you currently own a smartphone or other portable smart device?

C Yes

C  No
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Thesurveywas administered online (no print form of the survey was distribu#ed)tal
of 105respondents participated, hailing from 21 different states within the(Eldbire 46).
Three respondent locatierwere unknown, and threeore surveys were completed by

individualslocatedoutside the U.S (All surveys were considered in the response analyses.)

Figure 46 Survey participant distribution across the U.S.

* = Respondent

Although there were a number 0fS. states whe no respondents particied, the results

gained from thesurvey donotindicate cor r el ati on bet ween respond e
preference for a particular wayfinding approaémswers by reign did not appaao exert any

noticeable #ect on theoutcome of the survey, essentially ruling out the possibility that a

troublesome airport in one locale (if one existed) might unduly influence the survey results.
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7.8 Airport Survey Results

A number of questions allowed respondents to exghesigeason(s) for flyingthe
frequency of their air traveJand wayfinding preferences. Resgents were also encouraged to

share thoughts, opinions, and reasons foir ttteoices. The results are providedrigure47to

Figure53.

Figure 47 Signage is the dominant wayfinding tool parttipants have used in the past

In the past, what has been your primary method for finding your
departure gate at an airport?

| followed posted
signs/directions

| asked for
assistance from staff

| used a printed
B map/manual provided by the
airport or airling

| printed & map before
B srriving and used
it at the airport
58%
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Figure 48 Respondents find connecting airports to be the most challenging

Generally speaking, where has it been most challenging to find
your departure gate?

B your home/local airport
BN 3 connecting airport
the airport in the

186 % Bl city/place where you
have been visiting

T84 %

Figure 49 Signage is the primary wayfinding tool respondents desire; competitive results
between information staff and WiFinding

Assuming each of the following were available, please check the box
(es) indicating navigational aids you would likely use when searching
for your departure gate at the following types of airports (check all that
apply):

100

B Directional signage
Directions
provided by staff
Realtime, directional
B instructions and flight
information delivered o...

i All Other Responses

Homeflocal airport Destination airport  Connecting airport
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Figure 50 Respondents rank wayfinding preferences

Please rank the following navigational aids, from least preferred (1) to most preferred (5), under
the assumption that you are in an airport where finding your departure gate poses the greatest
challenge to you.

Directional signage

Directions
provided by staff

Realtime. directional
instructions and flight
information delivered o....

Handheld manual/map
provided by airport
or airline onsite

An airport map | had
printed myself before my
arrival at the airport

0 1 2 3 4 5
Least Preferred = Most Preferred

Figure 51 Survey makeup by reason for flying

What is the most common reason you fly?

20%

10 %

0%

Leisure- | Leisure - | typically Leisure - | typically
usually fly alone fly with teens andlor [y with others including
adults and older children 12 and vounger
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Figure 52 Survey makeup by participant flight frequency

How often do you fly commercially?

20 % —

10 %

0%
2-3 timas 3 year 7-9 timas 2 yaar Aboutonce a
month or more

Once a yearor less 4-5 timas 3 year 10-11 timas =2 year

Figure 53 Participant smartphone ownership

Do you currently own a smartphone or other portable smart device?

5147%

20 % —

0%
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7.9 Airport Survey Results Analysis

Though respondentxpressediifferent reasons for flying, there appeared to be no
associdon between travedurposgFigure51) and preferred wayfinding methdéigure49,
Figure50). Thesamecanalsobeai d of r es p o n d etheredid nof dppegrtot f r e ¢
be a link betweethe frequency od n i n d iaivtiavkelfFeureb? and adesire for a
specific wayfinding approach

Overall, respondeniadicatad that in he pastthey were most likely to utilize signage to
assistwayfindingin an airport, followed distantly by staff directigirigure47). If respondent
comments are any indication, participants in the airport stappgared to gxess more
objective evaluations of the wayfinding optiathan the participants in the Haley Center survey.
This could be because the airport survey participemmtsidered themselves largely unfamiliar
with their perceived airport environment(@hd moe dependeniponrespective wayfinding
systengs), whereas Haley Center respondents by in large had not been dependent upon any
wayfinding tools Whatever the case, airport survey respondents lobbed wayfinding criticisms
more freely. One commentedi Nt enoudh signage in the boarding aréasd another
indicatedfi 6-C6 me an s n ol ddn't knogv the airpon layolitgmong many similar

complaints. Spatial orientation also appeared to be a concern that signage did not always

resolve. One particgnt sharedi ét hey don't always | et you know
terminals are located. Especially when you land inthe middle@ | ar g &etanetmemi nal . 0
commentedi!| never know where to start.o

A few participants readily shared particijatroublesome airport wayfinding
experiencesi Char | es de Gaul | erribeiThesigmage wasrspalBeaiced s was h

you're on a shuttle train if you don't speak French you're hosed. Amsterdam airdoritédyin
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better. .. good sriegmdhgerandirporttarminal A(lethink) is difficult
because it doesn't follow numerical order logiday and wa s n' Despiteatlise | ed c | e
concernsmanyof which dealt directly with signage concersayvey participants still expressed
a strong desireor signagethe most popular wayfinding aid indicatiedthe survey. This
remainedrue regardless of the airp@dntext considere(Figure49).
What was not constant, howenNteampngvagying t he | e
airport contexts Where respondents indicated that wayfinding was a greater chajleogédy
connecting airports, as observedrigure48), interest in signage decreasadhereas interest in
obtaining information via WiFi and/or airport staff increaseth these environments,
individuals often expressed that time constraamd other new variablegereanadded fator,

creatinganother challenge stress. One respondent shared the following sentiments:

Frequently the stress of connecting flights seems to influence my ability to process
information rationally. Some airports split numerical labeling in a weird vay
instance, A115 may be down one hallway, and18-32 down another, rendering

sgjuentid navigation unreliable.

Thiswas by nomeanstioen | y comment that directly or impl:i
to wayfindingneeds When asked why some airport contexts were more challengingthers,
respondentdirectly indicated stres®r stresgelatedissuegbeng in a rush, under pressure,

etc) more often thamnfamiliarity with the emironment. In fact, it appeateatmany
respondents believed that stress Bexduteedhet ed t he

layout of the connecting airport may be unfamiliar, and if | don't have a lot of time between
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connections, | 'm probably stres s/Andtheashaled may no
the following thoughti You ar e someti mes i n a needsthgett o make
the information now. If you are running close to time, in your haste you might not be able to find
what 1 s r i g h tBearing inmindtheir thooghts, yt @ppears thiaesultimately
bore an effect upon e s p o nvaydindihggréferences

A further look at the topic of stress gives a clue as to whgondent neasdmay have
been alteredThe associ@n between stress and decisimakinghas been studigareviously,
where it has been shown tlstiess can create distortiorigat impact the capacity to process
information(Ozel, 2001) Stress has been shownpimduce theeflection effect where
individuals make risky decisions when a loss is anticipated, but more conservative decisions
wherethepotential outcomées a gain(Porcelli & Delgado, 2009) In the context of airport
wayfinding the reflection effect would dictate thaherethereis much to lose by way of a
missed flight individuals would tend to makeskier wayfindingchoices When an individual
misses a flight at a connecting airport, or in a destination away from home, the potential for loss
and discomfort is understandably greater. It may be for these reasons that in these airport
situations, WAFinding proved more popular with respondenerhaps because it is capable of
removing an unwanted layer of decisioraking from an individual whose capacity for the same
may be threatendaly the presence aftress

Finally, & noted inthe Haley Center suryetherewas no appreciable correlation
between increased cell phone use (for tasks outside of making phone calls)racrdased
desire for WiFinding, hencethe datéor that questionvas not used in this workThe airport
surveythough, asked respdents to indicate smartphone ownergRigure53). A definite

correlation exited between smartphone possessiodan increaeddesire for WiFi
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wayfinding. A sideby-side comparisorof nonowners(Figure54) and ownergFigure55)
demonstrates this:

Figure 54 Wayfinding preferences among norsmartphone owners

Assuming each of the following were available, please check the box
(es) indicating navigational aids you would likely use when searching
for your departure gate at the following types of airports (check all that
apply):

50

B Directional signage
Directions
provided by staff

Resltime, directional
B instructions and flight
information delivered o.

B All Other Responses

20

Homeflocal sirport Connecting airport Destination airport

Figure 55 Wayfinding preferences among smartphone owners

Assuming each of the following were available, please check the box
(es) indicating navigational aids you would likely use when searching
for your departure gate at the following types of airports (check all that
apply):

60

B Directional signage

Directions
provided by staff
Realtime, directional

B instructions and flight
information delivered o...

[ All Other Responses

10

Homeflocal sirport Connecting airport Destination airport

96



As canbe observed, traditional signage still remained popular aralbngspondentsbut interest
levels in the other dominant choices varied.-MAvayfinding wasmuch moreattractive to
smartphone ownergspecially in the context of a connecting airpofiere itrivaled the interest
these responaés had in signage. Neoswners, instead, favored an increased desire for
information from staff in this context.

Smartphone owners also exhibited similar responses when asked to rank their interest in
each wayfiding form. Whereas nofowners ranked Wi wayfinding in a virtual tie (for last
place) among the wayfinding optioffigure56), owners ranked Wi wayfinding as their
second mostavored optionjust ahed of directions providd by airporstaff (Figure57). Given
consumer trends in the smartphone market that have been shared earlier, the author believes that
interestin Wi-Fi wayfindingthat was noted in this surveyll likely increaseas more consuers

purchase smartphones.

Figure 56 Non-smartphone owners rank wayfinding aids

Please rank the following navigational aids, from least preferred (1) to most preferred (5), under
the assumption that you are in an airport where finding your departure gate poses the greatest
challenge to you.

Directional signage

Directions
provided by staff

Realtime, directional
instructions and flight
information delivered o...

1.98

Handheld manual/map
provided by airpart
or airline onsite

An airport map | had
printed myself before my
arrival at the airport

[=]
(S
w

4 5
Least Preferred Most Preferred
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Figure 57 Smartphone owners rank wayfinding aids

Please rank the following navigational aids, from least preferred (1) to most preferred (5), under
the assumption that you are in an airport where finding your departure gate poses the greatest
challenge to you.

Directional signage

Directions
provided by staff

Realtime, directional
instructions and flight
information delivered o...

Handheld manual/map
provided by airport
or airline onsite

An airport map | had
printed myself before my
arrival at the airport

0 1 2 3 4 5
Least Preferred Most Preferred

7.10Potential Survey Criticisms

Both the Haley Center survey and tiportsurvg as ked par tthewi pant s o
inclination towards W¥Finding. However, the description of WAinding was slightly different
in each survey. The Haley Center survey asked whether participants would have interest in
f ol |l owi n giveflliedtions sent aver \AHi to my smartphone / smart device that would
gudemetothe x act | ocat i onThd argonnsurvey providea th&dpt®h of O
Anérealtime, di randflghtnforendtiordeliverad overdAt-itonmys
smartphone/device (like G) 0 (siseduddrn These additional woristhe airport survey
could have attracted additiormaspondeninterest that otherwise may not have been there.
However,one advantage of \AHi is that it is certainly capable of dedring this information

(and many other information formsh addition toserving as a source wlayfinding directions.
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The author does not feel that indicating these possibiiitidseairportsurveywould bea
misrepresentation of the technology

For example, in Haley Centaii-Finding might be offered in addition to the ability to
reserve study rooms, the alyilib turn in homework, establish class attendancechedule a
meetng with a professor by way ofssmartphone application designedofiter visitors the fullest
building experience possible. In an airpaiti-Finding might be offered in an application
alongside other servicgarticular to the buildingsuch ashe ability torequest wheelchair
assistancer the option to alert airpog t a f f pookimity to thé departurgate before gate
doorsare closed The aut Wigruesis one treati pmvidesoafvariety of services to
the visitor (wayfinding being just one) that allow for a more efficient interaction within the
structure.

Another challenge to thairport surveyffocusesonr e s pondent s6 Igi st ori c a
tendencies inside airports, which are largely unknavimer than there was a strong preference
for using signagéFigure4?7). Signage remained the preference, even aftepondents were
introduced tahe concept of Wkinding (Figure49). Because respondents were not asked about
lesspreferred methods they had used in the past, it cannot be ascertainednahgtof these
other methodsad been didpced by interest in Wikrinding. While this weakness is noted, there
is no reason to believe that owngusevious to their smartphone purchaseuld have answered
any differently than norowners If these indridualshadexhibited the same tendencies as-non
smartphone owners previouglyigure54), then the purchase of a smartphone led them to
displace the desire for information from staff with a desire for information provided on the

smartphondFigure55).
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The airport survey results also appeared to be affected by the concept of stress, whereas
this aspect did not seem evident in the Haley Center survey. The full impact of stress upon
wayfinding is a lage enough question that it cannot be analyzed extensively Tieeeairport
survey results may therefore offer a glimpse of how stress affects user wayfinding needs, but

leaves this issue open for further examination.

7.11Survey Comparisons and Conclusins

When considered jointly, the two surveys allow for an analysis of how context shapes
need. The purpose of respondedfgesence within huilding (in either survey environment)
and r es mentaldtataliinatély appeared to affeathat they wargd. When
unfamiliarity increase@nd was compounded by perceivategativeconsequencdhat could
create stress, respondents indicatepteater desire for interactive approacéied less reliance
upon static information provision

Still, when consideng the survey resultg is evident that most individuaisould prefer
traditional signagas the foundation for pviding wayfinding direction.On this basis, it is
anticipated that for individuals who have visual impairments (and a small portiong#rieeal
population), WiFinding would be the preferred wayfinding tool, wherfeaisnost others Wi
Findingwould be sup@mentary to signageotentially filling in the gaps when static
wayfinding forms falter. The author also feels tlaatsmartphonevanership increasespt only
will overall interest in WAFinding (and/or other interactive wayfinding forms) increase overall,
but may someday rival the likes of signage as the most preferred form of wayfinding (as tastes
for technological approaches inaee), resulting in a fulfilling interaction between visitors and

their environment.
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This leads back to the purpose of the suriegentifying whether an assistive
technology design is appropriate, or whether an inclusive design approach should lyeémplo
The survey results indicate thatiher approach could prove acceptable, as the popularity -of Wi
Finding appears to be largely dependent upon the contexa diuilding environment. The
device concept would either need to account for the needqiotcauding individuals with
disabilities) undean inclusive desigapproacher it should considethe proposals previously
statedin this workfor assistive technology design, encouragisg@doption among individuals

with disabilities and possibihe general population.
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Chapter 8 Concept Design and Implementation

The foregoing chgater identifiedthatWi-Findingcan answethe navigationneeds of
those whdhave vision loss and maso prove attractive tine general populatio The
implementatiorof Wi-Finding softwarghereafter calledViFinder) should therefore be
customizable in order to meedrying needs among all usei/hen considering the poteaiti
layout of WiFindersoftware the author took into account that on maevice platforms,
inclusive desigraids and hooks for AT software aaéready present within the devic&or
examplemostApple iIOS and Google Androevices now ship with scregeading software
preinstalledKane, Wobbrock& Ladner, 2011) Hence, hesoftware approacbonceivedor
WiFinderassumes that these amealreadyembedded anfivhere necessaryave beempre
programmedo allow effective access to amartphone softwatey the user Where touch
screen apmaches are used, the author feels that is it suffiteeinidicate thaselections and
inputs can be made, bitits not warrantedn this workto provide the exact action (i.e., a two
finger contact approach; doukigps, etc.) becausieis would be depedent uporthe smartphioe

platform in use

8.1 WiFinder Software Customization

What may be necessary here is the explanation of additional customization and
enhancements within WiFindsoftware itselfaugmentingiserabilities to successfullperform
wayfinding tasks An example of poterai WiFinder customizationis indicated inFigure58,

which represents customization screémat would be found withiiFinder software.When
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accessed, each customization optaaruld displaya dropdown/pop-up menu, indicating

selection options.

Figure 58 WiFinder customization screens

WiFinder

Deliver directions | Audibly

Provide directions

5’ before next step

Keyboard type

WiFinder

Search proximity
Default zoom 50’ ahead

Display user at

Bottom center of screen

Indication of user

Shape

Speech to text

Trip summary

Color

Size | 1/4 inch

Text location of next direction

Bottom right

Text size

User orientation
Destination direc-
Distance to desti-

History-based tracking

Activate
Deactivate

8.2 Smartphone Device Sketch Development

Thea u t hirdentGsgo offer WiFindefor useon any snartphone platform. However,
anexemplary platform desigior individuals who have vision loss was considered in order to
maximize the benefits WiFinder can offer to these individualsr e aut h etechdsandf i r st

design aesthetiare shown irFigure59andFigure60.
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Figure 59 Exploratory sketches

Figure 60 Form Exploration in Rhinoceros

Upon further review of tha u t hdesigd approacht,wasdetermined thascreen size
were likel/ insufficient to encourage usg individuals who have vision los§his is a problem
associated with many smartphones that are on the marketftodagny user¢Squidoo, 2011)

Theend result is that some of thedevicescan beinaccessible for those who are visually
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impaired(IDEAL Group, 2011) One study participarwho is sightimpairedalso suggested

larger screen sizes in the design development:

| have become quite accustom to usingiRtyone. | really like using the touch screen
with Voiceover. A larger screen would be really nice to havédne larger screen would
complementhe needs of people with low vision as well as total blindn@&sUrquhart,

personal communication, July 2011)

The author evaluatgabssibilities to increase screen sdile attempting to preserve a design
aesthetic similar to other smartphone devidegure61 andFigure62 show furthepreliminary

designand shape explorations that were considered

Figure 61 Design exploration in Rhinoceros
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Figure 62 Concept development in Rhinoceros

8.3 Smartphone Concept Design

The authofinally setupon a desigfFigure63) utilizing oneprimarytouch screen,
which may be operatad place hyitself, but can alsslide along a track, exposingsacond
screen concealdaeneattthe first The two screens fit togethevithasma | A parting | in
separating the twojorming aflush and expansiveouchscreen area. The total areasslarge

as 13 square inchesell over twice the screen area offered by most smartphones.

Figure 63 Concept design rendeings in Bunkspeed Shot
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Figure 64 Explanation of design components

3.5mm headphone power button volume controls

——

home / inifial
screen

‘bock’\

buﬁon\,\
u
e

blink ”/
I 4\ A
5-way screen
navigation button

power on /
answer /
keypad

power off /
hang up

As seen irFigure64, the phone (hereafter referred toBdisk) includesprimary contrd

buttonsthathavebeen plaed on thdace suface In order to avoid mintentional activation of

B | i rektdres (such as while feeling around for the phone), buttons were eliminated from the

sidesand bottom of the phone. Buttopeesent at theop of the phone are angled, potentially

limiting inadvertent activation.



Blink also includes a couple software features displayed upon the touch screen that are
intended to be preaeand accessiblat all timeg(Figure65). The first is a compass located at
the top of the screenThis would allow the user to determine his/her facing dire@iamy
point The second, located near the bottom of the screen, is a zoom feature that would allow

users teenlarge displayed touch screen information

Figure 65 Compass and zoom locations on design

8.4 WiFinder App Functions

Having described the smartphone platform, the operation of WiFinderasefcan now
be demonstratedJpon sel ecting the Wi Finder App, the
screeni the starting point of the \ARinding processAssuming thaEnter a destinatioris

selected, theser is brought to a screaerethe usecan inputbuilding information, while
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WiFindersimultaneoushsearckesfor matching locations (the search proxinmiyngebeing pre
selected by the user) that have previously been mapped for WiFinder use. Théheser is
brought to a third scredhat offers in-building informationpreviouslyprovided bythe premises
operator during building mapping. This allows treer todeterminehe final destination within
the building (for example, the opportunity to search by room number, by use type Fetije

66 depicts these steps.

Figure 66 Description of WiFinder interface

I
i NW 10:42am

Haley Center
Auburn University 300 ft.

Half-Off Market
Auburn, AL 4.3 miles

—Room Number
Hal

_ —Deponmenv
—_—

Letters Numbers
- S+

'é blink

In this instancéFigure67), while the user is offered the option of scrolling through a list
of departments locatad Haley Center(s)heinstead theselecs (via the fiveway navigation
button)Input information ranually. This selection triggers the appearance of a t@ecben
keyboard where letters may be input on the touchscreen or selected via-hayfimavigation
button. Matching department names appear, and in this case, the user inBrogpesn for
Students with Disabilitisas the destination goaDestination information is offered to the user,

who can then select the target to begin wayfindirng@dures



Figure 67 User process in WiFinder interface

R HALEY CENTER

bion

:::::

Navigaion commaces witha mapdisplayof the building layou{Figure 68), wherethe
userd6s Hemansonatit edbuldyd s b h ng sihdnithe tsér pasition.
This provides a startingslpiop ntto ttohd nariecatmper d e

destination path is then drawn on the screen, providing an overview of the course to be followed.
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Oncethe path is shown, WiFindennouncet he user 6s present directio
destination, the distae, and thestimated travel timea¢cording to previously selected user
customizations In addition spatial information can be achieved as the user touches the map in

any area. Thigriggers WiFinder to announce the area being touched, accordiing tievel of

map detail presently displayed, in an effort to familiarize the user with the layout of the building

area. This is an opportunity for the user to obtain a spatial orientation with the environment.

Figure 68 Spatial orientation using WiFinder

“You are facing south. Program for Students
with Disabilities is southeast from your present
position, 678 feet away.”
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Thereafter, Wikhder providegsheuser with stegoy-step details of the path to follow to the
intended objectivgFigure69). User surroundings are constantly updated on the map, providing

for continualspatial updating. Once the destination is reached, the user is notified by WiFinder.

Figure 69 User navigation with WiFinder
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8.5 Potential for increase interaction through Wi -Fi approaches

Finally, it isimportant to renembeWi-Fi was not initially developed for \Arinding
purposes, but as a means of wireless network acdédsle the WiFinder setup demonstrated
holds promise on its own, the authordés vision
and buildingfeatures that are offered to visitors to maximize the effectiveness of their visit to the
location. Wh e n t s whereabauts dkenown,an opportunity exists to transnmfformation
regardinghe goods and services present within the establishnarg could create a mutually
beneficial relationship between visitor and premises opelattiis contextWi-Fi network
access would provide information to the user, WAli&inderwould serve as an important link,
connecting the visitor with the locatie of various services offereldor example, within an
airport, a variety of services could be delivered oveifND users known to be within the
establishment: gate information, realtime flight information, estimated dheekes, vendor
services, etc WiFinder could provide acss to any one of these servisé®uld the user be so
inclined.

An example of this idea process is demonstratédgare 70 andFigure71 In this
example, the assumption is matat a student is coming to Haley Center to speak to a
professor.The user is first offered access to a number of facilities, based on his/her pmsition
Auburn Uni v e.rTheiuseyiidieates ldatey Gester, and sengpegific to that

building are indicated.
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Figure 70 Demonstration of locationbased services

The user selects the services pertinent to his/her needs and locates the desired professor. Upon
finding the same, the user is offered a number of optinalsiding the ability to call the
professor from that screen, send a text messa
that (s)he would like to locate the office, whereupon WiFinder commences its navigational

instruction.
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Figure 71 Example of wayfinding embedded within locatiorbased services
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