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Abstract

Maps are ubiquitous, and created by people okdlllevels. However, many users still strugglestifectively
interpret spatial information. Such users have lzkdimed as ‘functionally map illiterate’ (Clark®@3). This
inability, or perhaps, more accurately, disabilttyjnterpret spatial information can lead to nagat
experiences. This can be of great concern whee thesrs need to undertake navigational tasks sualkag
finding. As a result, map users may experiencehanmgtranging from unnecessary anxiety to sometitreggc
consequences, due to them being geographicallyieliged or completely unaware of their location. To
improve the map reading experience for inefficimalp readers, it is argued that maps need to btedrédzt
allow them to interpret spatial information moreigaand effectively.

Various methods have been used to evaluate magisgiopotential to correctly convey spatial infation to
specific user groups. It is therefore necessadetermine which methods are the most applicablevatuating
maps created for functionally map illiterate indivals. We note that there are certain problemsactia all
usability testing situations. Here, we believe taatiliarity of landscape needs to be eliminatednder for
testing to be effective. This paper reports onyefamtlings to identify possible approaches for eading this
type of map for this user group.
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1. Introduction

It has been identified that many map users expegianxiety when attempting to read maps for wagtfig
purposes (Khazravi & Karimipour 2012). These useesunable to complete such tasks and as a reantipt
navigate and way-find to the fullest potential. § paper reports initial findings of research thestks to
determine a new type of map or map-related objbatiwhas the potential to eliminate the ambiguitEmany
map designs which may cause problems for everydesswf geospatial information communication adisfa
The research is generally focused on users whoota&fiectively interpret spatial information fromisting
maps available to them, such people have beerddb&inctionally map illiterate’ (Clarke 2003). $eeks to
determine the most appropriate course of actiafetermine the most effective design.

By creating a new map or alternative map-relatgdaib, the gap between those who can use mapsiedigc
and those who cannot may decrease. This woulddaffmre people to more easily and efficiently congplaap
reading tasks and navigate using maps or map-getdtiects. Such tasks would not be daunting orcéesisal
with negative feelings.

A potential problem identified is that any map enalon tests undertaken to determine the usalofign
alternative map or map-related object must be doa@ environment unfamiliar to the participantgiys The
results from tests undertaken in environmentsahafamiliar to the participant cannot be regartebe
accurate, since the user’s dependency on the nmagacg or they may not need to use the map atalbe
deemed useful, the map needs to prove to be eféefcti navigating and way-finding in territoriesfamiliar to
users.

To determine the best approach to adopt for tisisanrech, a number of approaches were identifieccantgpared
for their ability for use as an effective appro&mhevaluating map usability of general use maps.



2. Approachesfor Evaluating Map Design

After completing a thorough search, twenty-onevate papers and other documents were reviewecktdify
the approaches currently in use. The papers wargechbased on their focus on specific user grabps,
presence of an evaluation technique and/or theioreaf a new product. Whilst reviewing literatue
population and/or purpose specific maps (The tgopulation specific’ here refers to users with enomn
need. In the context of the overall research ptpgemap is to be made which will focus on the gmec
population of map users who are functionally méfeiate) a variety of approaches were identifieat tould be
employed in this research. As well, similaritinghe actual processes used in evaluations wengfidd. Of
the papers reviewed, all except the statisticaliatedtactive maps, involve the evaluation of mageadufor
navigation. This is due to the overall goal of tesearch project which aims to create a map foptipose of
navigation. Therefore, the review of statisticadl ameractive maps were undertaken to gauge tlierdifces in
usability evaluations between maps of these typdswaps for navigation. The remaining reviews Haaen
categorised by either their relation to a specifier group, or specific map type, since not all srapated for
the purpose for navigation are engaged with irstirae way, under the same conditions or in the same
environment. Furthermore, some of the maps listeddcfall in to several of the categories thusdéds to be
clarified that the maps have been categorised baséokeir primary focus.

The focus of the approaches reviewed was on mapsave been created for specific populations and/o
purposes. This was decided so that the approached fvere standardised, as it is thought that sgegific
maps would have the most potential as a test \@hitle aspects of map usability evaluation idedifin the
approaches include:

* Use of human test subjects representative of tHeuser;
» Think aloud protocols;

* Questionnaires;

*  Focus Groups;

» Participant feedback/formal and informal interviews
» Completion of map reading tasks;

» Use of real and simulated environments; and

e Statistical analyses for interpretation of results.

The specific map user groups addressed in the melibgies reported in papers reviewed include: uskrs
nautical maps (Porathe 2006), users of pedestrapsfDelikostidis 2011; Ishikavwatal. 2008; Crampton
1992), users of You-Are-Here (YAH) maps (Marqu@man and Liu 2004; Klippel, Freska and Winter 2006)
helicopter pilots (Harwood and Wickens 1991), elaut navigation display users (Lavie and Oron-Gi®11;
Yeh and Chandra 2006; Hsu, Lin and Chao 2012ndtdind visually impaired users (Kostopoutbal. 2007;
Riceet al. 2005; D’Atri et al. 2008; Heutergt al. 2008), users of statistical maps (Pickle 2003) uswats of
interactive maps (Andrienket al. 2002).

The following section provides summaries of thehodblogies found.

2.1 General Case

Looking generally at mapmaking and map use, SuahdrBrewer (2000) and Board (1978) recommend wusing
qualitative method to form the basis of researal, @valuating findings using a quantitative methoiting
examples, Suchan and Brewer provide reasons fatiQneaires, interviews, focus groups, and verbatqgzols
being highly beneficial in this type of researctuation. In the 1970s there was high interestudyang how
paper maps work, hence Board’s diagram referse¢@taluation of paper maps. Board suggests a nuofiber
map reading tasks that should be performed whelysing the effectiveness of a map. He states tteattap
reading tasks should be dependent upon the intamnstedf the map and that the evaluation must eitilis
empirical approach. A number of questions are pledifor which the researcher should answer before
conducting any experiment, in an attempt to efietyi determine the most appropriate map readirigstablere,
the questions asked anat type of map? For whomis the map intended? Under what conditions will it be
used?, What map reading tasks are the most appropriate for the purpose?

These questions facilitate creative thinking ancébigiressing them, the researcher can maximisetherof
meaningful and useful results. The process of deteéng the appropriate map reading tasks are alsaiged in
a diagrammatic form (Figure 1).
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Figure 1 - Procedure for identifying appropriate experimental map reading tasks (Board 1978)




It is only after establishing the map reading tabls Board @p. cit.) recommends deciding on the types of
questions to be asked of participants. Upon theptetion of data collection Boaray. cit.) advises that
appropriate methods of ‘scoring’ must be impleménifehese methods take the form of a statisticdlyaisa
Whilst there have been great technological advaandsherefore new ways of interacting with andiineg
maps, Board’s proposed process remains valid gipcevides a foundation for developing tasks fealeating
map usability. Since the development of Board'gdian, the use of computers has become ubiquitadissa
result, the focus of evaluating maps has expaml@ttiude digital web maps on computer screensrtpimanes
and tabletsFortunately, Board’s process can accommodate atherdisplay formats. The questions Board
poses in his diagram are still relevant and cataken in to consideration when developing methogielfor
map evaluations regardless of the platform used.

2.2 Nautical Maps

Maps and charts have almost always been used agmtiamal tools. Their formats vary from paper tgitl
and they can be used in air, sea and land navigatfiere, an example of a new sea navigation systginen to
provide some insight into the types of map destgasmay be evaluated.

Porathe (2006) investigated how to reduce disat@ni at sea and thus make sea navigation and safex. To
do this, a software system was custom designedesteld participants for their ability to completvigational
tasks in a simulated environment. He collectechfrtiata in the form of interviews and questioregmand
analysed the results using statistical analyses.résults of the initial experiments were usedeeetbp
prototype navigation systems that were then tastedeal-world environment.

2.3  Pedestrian Maps

Pedestrian maps are one of the most commonly uapd im our society. Therefore, there is a gread fiee
them to be useful and user-friendly. With the idtrction of smartphones, almost everyone can access
pedestrian maps. This section will discuss thrediss that have involved the evaluation of pedastmaps or
user skills using such maps.

Delikostidis (2011) identified a number of issudghvpedestrian maps accessible by smart phone ekevic an
effort to eradicate these issues, Delikostidis texl a prototype pedestrian navigation system.r&searcher
recruited twenty four human test subjects who vedi@sen based on their unfamiliarity with the prieced
testing locations. Evaluation of the navigationtegsinvolved engaging participants in navigatiod amap
reading tasks in two locations that differed initlspatial layout. The participants were require¢dmplete the
navigation and map reading tasks whilst being vialet audio recorded, using the new navigation Bys&s
well as the Google Maps interface. The researcaértie participants use think-aloud protocols tewheine
any difficulties the participants may experiencheTnterfaces were alternated between the twantgsti
locations, using only one interface per locatiorebgh individual. The participants were given caels that
provided scenarios for them to undertake. Theseasies included navigating between two locations,
identifying their own location, reorienting the pligy, landmark identification and searching fornbgaransport
access points. Once the map reading activitiebbad completed, the researcher conducted semtitgtedc
post-session interviews where he was able to gane information about issues that arose during the
experiment. The qualitative data collected wasyaeal using research software Atlas.ti. For quaivdalata,
graphs were created for comparisons between thmlibnsaf the prototype system and the Google Maps
interface.

A comparison of usability of a GPS-based navigasigstem, paper maps and direct-experience was ctediu
by Ishikawaet al. (2008) to determine which method was the mosttéffe for pedestrian way-finding. The
researchers split participants in to three growgmedding upon the three formats being tested. ahejpants
were required to complete a way-finding task andetermine where their start point was once thelyfband a
‘goal’ location. The participants provided feedbaelating to the perceived difficulty of the wawdiing task.
From this study, it was found that the participargsg the GPS-based navigation system took trgektrto
complete the tasks and had less ability to detesittia direction of their starting location.

A study conducted by Crampton (1992) analysed iffierdnces between novice and experienced way-fside
The participants were required to look at a mapdewdde how they would get between two specifieadtions.
From here they were required to act as if they wa¢tbe actual location the map depicted and usttink
aloud’ protocol to document their journey. By cotiag participants’ verbal statements the authos alale to
create behavioural graphs and morphograms. Thevtoeinal graphs represented the ‘structure of thgess’



problem-solving processes and the morphograms ugsr@ to plot the ‘number of morphological referenice
the protocol'. In doing so, the author was ablgam insight in to how the participants went absalving way-
finding problems. The creation of behavioural gsaphd morphograms allowed the researchers to fgehé

most commonly used and also the most effectiveesties that participants used when way-finding

24  You-Are-Here Maps

Historically, Marquez, Oman and Liu (2004) inveatied the use of You-Are-Here (YAH) maps on boagd th
International Space Station (ISS) (Z¢twal. 2011). This was done due to the fact that astrtsnaere often
disoriented and had trouble navigating within t88. The map designers identified key landmarks that
astronauts would most likely use to determine tlogiation and added these elements to the mapuJdtality
of the map was not tested; instead suggestions wade as to how it should be tested. These suggssti
included using human test subjects to describethewwould find their way from their current loaatito
another using the map. In another study, KlippetkBa & Winter (2006) evaluated pre-existing YAHp®do
establish whether their clarity was effective erotmfind their way inside a building, and thusdixe to exit a
building efficiently in an emergency. The researstabtained three YAH maps and assessed them &gains
number of criteria; completeness; perceptibiligmantic clarity; ambiguity; consistency; placement;
correspondence; alignment; architectural cuesglameffectiveness of the YAH symbol. From this eesh it
was determined that a number of elements of adypidH map require improvement in order for thenbto
effective in the event of a building evacuation.

Those with smartphone devices would be well awéresers’ ability to determine location instantlyahgh the
use of the maps loaded on to the device. Currentife case osoogle Maps, a blue dot with an arrow shows
the user their location and orientation. The neediers to always know their location and haventhp
egocentrically designed is obvious. This technolagiyot however, fail safe. The blue dot showing tiser
location can often be in an incorrect position,eesglly when the user is on the move. Furthermioieas been
discussed that presenting a map in an egocentereree frame is not the best method to emplowatforay-
finding tasks (Harwood and Wickens 1991; PoratH#62@nd, as a result, it has been proposed thet skeuld
be able to switch between ego and exocentric nederébames depending on the task and the usefarpnee.

25  MapsFor Helicopter Pilots

To determine how to better create and design napselicopter pilots, Harwood and Wickens (1991)
conducted a series of experiments with twenty bptier pilots. These pilots completed a seriesskdaising
two different map displays (north-up and track-Ug)e researchers evaluated the pilots’ abilitiesoimplete
the tasks effectively. The tasks were completes sSimulation environment, on landscapes unfantitidhe
participants, thereby ensuring no prior knowledb#he location. Following this exercise, the pilatere asked
what they thought of the map displays. The resegisctound no benefit in one map display over theeiot
however they did determine the need for creatifupafigurable map display’ that the pilots can tsehange

to suit their needs or preferences
2.6 Electronic Map Displays

When analysing the usability of electronic map [igp, Lavie and Oron-Gilad (2011) tested subjemtsHeir
ability to effectively complete navigation task$€ely also assessed users for their perception ofdispiay
usability. The electronic map display was evaludtedts usability in a driving situation. The usexere
required to complete navigational tasks using teetenic navigation display in a simulated andamiliar
environment. A number of different maps were aradyand the results compiled using an ANOVA (Analyi
Variance) (Sprinthall 2012). These researchere sait simply testing for actual usability or pevee usability
on their own is not sufficient and that both neeté tested for in order to fully determine mapbilgg. This
research was carried out on twenty participantd) thie authors stating that for more reliable rssuhore
participants would be required.

Hsu, Lin and Chao (2012) conducted a series ofraxgats to determine the effects of difference maps
driving performance. The study engaged human tdgésts who were required to complete a series of
navigation tasks in an unfamiliar real environmesihg 2D and 3D electronic maps, as well as a paagr.
The time it took for the participants to compldie tasks and the routes they took were recordedalgised
using a statistical analysis. In a similar studipBes and Gugerty (2012) conducted experimentstédlésh the
effects of electronic map display and individuallighdifferences on users’ navigation performanicethis
study, participants used an unmanned aerial ve{lid/) simulator to perform ‘route-following, map



reconstruction, and cardinal direction judgemestks with track-up and north-up maps. The partitipavere
required to follow a predetermined path and angw&sries of questions relating to the tasks comgleifter
each ‘mission’ the participants completed the ‘NAB&sk Load Index workload measure’ (Hart 2006) tirgsh
attempted to sketch a map of the locations of edthe landmarks they came across on their mission.
Following from this, participants completed spatédts and questionnaires. The results of theadlected
were analysed using a series of statistical anglgppropriate to each task.

After identifying variations in the symbols used@actronic map displays used by aviation pilotsh™and
Chandra (2006) set out to standardise these syritbals effort to minimise ambiguity. The study imved
experienced pilots who were required to deterniiieentieaning of a series of symbols. The pilots’ casps
were used to ascertain which meanings were mostnootly associated with particular symbols. From,ttlis
researchers were able to begin designing a stamutertied to be distributed amongst electronic diaplay
producers, to ensure all displays comprised ofister® symbology.

2.7  Audio And Haptic Maps

Blind and visually impaired users bring about a lghwew aspect of navigating tools. Due to theik latsight,
audio and haptic/tactile maps are commonly usess$tst these users in way-finditig two of the methods
reviewed, people who fell into this category welsmangaged as the human test subjects (KostopeiLabs
2007; Riceet al. 2005). Kostopoulost al. (2007) had users explore the map with exocengfierence frames
within a virtual environment. This reference framas chosen due to the fact that better resultsidzeil
obtained in navigation and object recognition ta3ke paper written by Ricg al. (2005) discusses the ‘Haptic
Soundscapes’ research project. This project inebtiie use of “nearly one hundred” human testingesatb and
‘the development of cartographic interfaces thataisditory and haptic cues” (Rieeal. 2005, p. 381). The
researchers engaged the participants to use existerfaces with their own added element, ‘a ltafpime’,
which guided the user and informed them of theiatmn on the screen. They recorded and tracked the
movements of the user’'s mouse across the comperesrsand collected comments from the participants
their thoughts about the interface. By collectilagadin this way, they gained an insight into they wee
participants actually used the interface and alsatuheir feelings towards it were. Using this mfation
allowed the researchers to effectively evaluateatttaal usability and the perceived usability @& ihterface.

In a contrasting study, D’Atst al. (2008) engaged mainly experts to test their pregagvigation system. The
experts undertook the experiments to initially idfgrthe aspects of the system that required maxtification
and the following experiment was conducted using loimd participant. By using a blind participathte final
experiment was conducted so as to evaluate theusalgility of the navigation system, since theipgoant
reflected the proposed type of end user of this type.

Audio and haptic navigation methods have also lested for use by both visually impaired and usétis
normal eyesight (Heuteat al. 2008). In their study, Heutest al. engaged visually able users to assess the
usability of a tactile belt. Experiments were coctéd in both controlled and uncontrolled environteeand
required the user to state the angle they felb#iewas indicating. The authors of the study ribé they
regretfully did not record the participants’ feedbavhilst undertaking the experiments.

28  Statistical Maps

In researching the most effective way to displag-geferenced statistical data, Pickle (2003) dev&sset of
recommendations for this type of map. These recamdat®ons were determined through the use of human
subjects. Participants formed focus groups to disqueferences of various aspects of map desigalaad
completed a series of map reading tasks. Sevewtagpénich had previously been identified) werelgsed in
these experiments. Each aspect was discussedsded tedividually. After testing the participantise result
having the highest rate of usability was selected.

29  Way-Finding In Virtual Environments

The strategies of users when way-finding in a laggde virtual world were analysed by Darken armk&i
(1996). In this research, the authors had thetigieants complete several way-finding and navigadi tasks,
whilst speaking their thoughts aloud. In doingtbe, researchers were able to collect data aboutehaviours
of the participants when completing tasks. Theasfgiaths that the participants took to completeahks were
also recorded and analysed. The approach fordhearch was a combination of qualitative data ctitig
followed by an analysis of the data using a quati# method, in the form of an ANOVA. Completing a



ANOVA allowed the researchers to collate and areatheir data in an easy manner and to derive mgfuhin
results.

2.10 Interactive Maps

In 2002 when interactive maps were still a reldjiveew concept, Andrienket al. (2002) assessed the usability
of tools in a particular GIS. These tools allowkd tiser to engage and interact with the data lbspdayed.
The main goals of this research were to determive Wuell users could understand the tools, wheth&iob
users could remember how to use them after a pefitiche and if the users would like the tools afiecoming
familiar with them. The researchers first creatgatotype that was tested for flaws by prospeatisers and
usability experts and remedied accordingly. Fitteractive techniques were chosen for testing; @utémoval,
visual comparison, dynamic classification, dynamiery and dynamic linking. Three phases of testinge
carried out, all of which involved human test sualge The first two phases took place in situ ancevearried
out on the same group on two separate occasioesfirBhphase consisted of nine participants. ©§éhnine,
only six participated in the second phase. Themmwas required to undertake the same tasks for aade.
The third phase involved collecting data via emailarger number of participants were involvedhe final
testing phase due to the remote collection of ddta.phase three group were also required to caengiie
same tasks as in phases one and two. The datatedlieontained information regarding the successful
completion of tasks, the ability to answer quegioarrectly and the participants’ feelings towatus usability
of the system. The data was analysed using statisthalyses, where the results of each phaseagenpared
against one another and results within phases caujetween each another.

3. Comparison of Approaches

Crampton 1992 Rice et al. 2005
Ye1_1 & Chandra 2006 Lavie & Oron-Gilad 2011 Kostopoulos e
Ishikawa et al. 2008 5 al. 2007
Used human test 8 Harwood & Wickens 1991 .
. Hsu, Lin & Chao 2012 5 Heuten ef al. Pickle 2003
subjects Hsu, Lin & Chao 2012
Rhodes & Gugerty 2012 Rhodes & Gu 2012 2008
Porathe 2006 gerty D*Atri et al.
Delikostidis 2011 2007

Yeh & Chandra 2006
Questionnaire Ishikawa et al. 2008
Porathe 2006

o | Pickle2003 |
Crampton 1992

Yeh & Chandra 2006 :
Ishikawa et al. 2008 Harwood & Wickens 1991

Statistical Lavie & Oron-Gilad 2011

Analysis g;‘;h%;“&&cg?'c;’;g}ﬁz Hsu, Lin & Chao 2012
Porathe 2006 Rhodes & Gugerty 2012

Delikostidis 2011

Ishikawa et al. 2008 Kostopoulos et
Completion of Crampton 1992 Harwood & Wickens 1991 al. 2007
Man Readin: Hsu, Lin & Chao 2012 Lavie & Oron-Gilad 2011 Heuten ef al.
I’Tasks 2 | Rhodes & Gugerty 2012 Hsu, Lin & Chao 2012 2008
Porathe 2006 Rhodes & Gugerty 2012 D’Atri et al.

Delikostidis 2011 2007

Comparison of Klippel, Freska
Map and & Winter 2006
Envir Montello 2010

Pickle 2003

Figure 2 - Comparison of Approaches
The table above (Figure 2) provides a visual oeanof the methods that are most commonly usedein th
usability evaluation of different map types. Frdristtable, it can be seen that maps used for néetga
encompass the greatest variety of methods andrhatse of human test subjects, the completionagf m
reading tasks, and the use of simulated envirorsrametthe most commonly used elements of the papers
reviewed.



4. Approaches Applicableto this Research

Of the methodologies reviewed, those that coulddy@ied to this specific research project include:

. Human test subjects completing map reading taskenjunction with think aloud protocols;
. Human test subjects completing map reading tasksrnjunction with questionnaires;

. Human test subjects completing map reading tasksrinlated or real environments;

. Engaging human test subjects in interviews; and

. Analysing results data using statistical analyses.

Using this review, a rudimentary proposed usabdifgluation procedure has been developed for thie@ion
of the new map design for functionally map illiteréndividuals:

1. Source/develop appropriate unfamiliar environmémt&xperiments.

2. Recruit functionally map illiterate participantsgidg Santa Barbara Sense of Directions Scale) (Auge
and Maguire 2013) and invite to join a focus grémpthe evaluations.

3. Undertake heuristic evaluations — part 1.

Conduct simple navigational and way-finding actastwith participants using ‘think-aloud’ protocols

(Suchan and Brewer 2000).

Conduct map reading activities that involve feaidentification and mental map replication.

Undertake heuristic evaluations — part 2.

Conduct post-test interviews.

Analyse results using statistical analysis.

Reflect, refine and undertake a number of iteratiovhere necessary.

E

©Ce~NoO

Whilst still at an early stage of development, tiieposed method utilises all five applicable mdththat were
identified in the review process. It allows for #ealysis of perceived usability versus actual iisathrough
the use of heuristic evaluations and the complesfanap reading activities.

It also provides solutions to the problem of tegiim environments familiar to the participants.the papers
reviewed, the issue of familiar environments wdsesbby locating a real world environment that no
participants had prior experience in or by testingimulated environments. A number of authorsr(tted
and Wickens 1991; Crampton 1992; Darken and Sit896; Riceet al. 2005; Porathe 2006; D’Atgt al. 2007;
Kostopouloset al. 2007; Lavie and Oron-Gilad 2011; Rhodes and Gy@12) included virtual or simulated
testing environments. Such environments allow feater control of geographic elements and can beoge
built allowing for customisation. The possibility customisation provides a solution for the problefim
familiarity of landscape, because an unfamiliariemment can be created. Virtual or simulated emvinents
could be used for initial testing of a product lvefealidating the results in a real world enviromin@ orathe
2006). For the best results in using a virtual e3unent it must be as close to reality as possiiie. Oculus
Rift (Oculus VR 2014) is an immersive technologgtthllows for 360 head tracking, a stereoscopic 3D view
and an ultra-wide field of view. Oculus VR (2014ya. 2) state that this technology allows the tser
‘seamlessly look around the virtual world just #eef/] would in real life.” Technologies such assthrovide
inexpensive alternatives to extensive real wordtirg.

5. Conclusion

This paper identifies the various approaches availfor evaluating user and/or purpose-specific sreamd
further highlights which approaches are applicabltne overall goal of the research project. lbgdsovides
potential solutions to the issue of testing pgpaaits in familiar environments.

The next step in this research will involve ideyitify alternative communication technologies. Thi®imation
will be used in conjunction with the approachesvaluating usability as outlined in this paperdévelop a
precise methodology for evaluating the new mapithgét to be produced.
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