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ABSTRACT

A FRAMEWORK FOR VISUALIZATION OF INFORMATION IN 3D VIRTUAL
CITY ENVIRONMENT FOR DISASTER MANAGEMENT

Yél mhaszl e
Ph.D.,Department ofseodetic andseographic Information Technologies
Supervisor: Prof. DiH.k e bnem D¢z g¢n
June2015,238 Pages

In recent years, new developments in technologye brought aboutovel methods

and platformghat haveprovided innovative visualization of gespatial information.
Among the possible platforms, 3D virtual platforms are increasingly preferred as
they not only depict the real world phenomena but also convey additional
information. The creation of 3D geapatial infemation visualization in the
conducted studies isainly technologydriven and not standardized. Moreover,
perception of the user, user experience and cognitive processes are not considered
profoundly. 3D geespatial information visualization has widespgteasage in
Disaster Management as it allows decision makebetter understanding of the
disaster phenomena. The aim of the study is to build a framework that follows a user
centered approach amolpropose steps to design effective visualizations foafdées
Management specialists. The framework is enhanced with theories and concepts
from the disciplines of cartography, human computer interaction and cognitive
science. The proposed framework providesdancefor creating visualizations of
information in Disaster Management. In this thesis, guidelines are propmsed
visualization of disaster risk in order help decision maketakeaccurate and rapid

decisions.

Keywords: Geovisualization, Disaster Management, Tsartered Approach,

Decision MakingProcess
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Sony él | ar da, geliken t-m&khOohoali |l brl gi mMiemabgenic
vV e pl atformlar kull anél ar ak i novatif ol ar a
platformlardan biri olan 3B sanal platformlar artan derecede tercih edilmektedirler
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CHAPTER 1

INTRODUCTION

1.1 Motivation

It is a weltkknown definition in Information Systems that data when processed
computationally,becomes information; when information is cognitively processed
and interpreted by the user, it becomes knowledge. During the construction of
knowledge, visualization can be seen as a tool which is responsible for both
envisioning and interprielg data As it is perfectly stated by McCormick et al.
(1987, p.3)n I t of fers a met ho d@hevVisoalizatisreemablesy t h e
users to observe their analysffectively and efficiently It embraces both image
understanding and its synthesis (McCormiclalet 1987). Similarly Brodlie et al.
(1992) definethe goal of visualization adeing the promoter of a deeper
interpretation of data anthe bringer of new insight into the process, relying on

humanés natural ability of visvualizati on,

In Geographic Information System (GIS)large amounts of datare stored,
manipulated, analyzed, and displayed. Many disciplines GIS such as urban
planning, geodesy, geology, eanography, agriculture, mininggnvironmental
science disaster managemengtc. GIS seves for a systematiccompilation of
geospatial i nformati on and I t's user so
management and operations. In this dath system, users need to access relevant
informationin atimely manney interpret them easily, deffective exploration and
analysis and at last present the results meaningfully. This whole proaggsclude

different types ofisers and their interactions.



The visualizationof geospatial information is a key issue for effectdecision

making (Ke meandD ¢ z g ¢ n, 2006) . Decision makers in
simply act as audiences tioe presented geospatial datdowever more often they

are the onesvho perform visualization, exploration and analysis of datdhwhe

help of proper softwarprogram(s)to make more refined decisions. Decision makers

should be able to be well introduced to the problem by effective visualization of
information so that they can generat@lagable strategies (Godschalk et, 2006).

Therefore Andrienko et al(2007)statethat visualization of geospatial information,

which is definedsimply as geovisualization, is an emerging disciplihat creates

synergy between computational tedues and human capabilities.

Over the past fewears, new developments in techngldgve brought aboutovel
methods and platforms that enable innovative visualization of geospatial information.
Among the possible platforms, 3brtual environments are increasingly preferred as
they not only depict the real worlgphenomenabut also convey additional
information. 3D geovisualization is employed in an increasing number of
applications from the areas of city planning, city marketing, tourema,facility
management (Altmaieand Kolbe, 2003). MaEactren and Kraak(1999) expres

that 3D virtual environments aréisuped environmentssince they enableusersto

experience not only the visible but also the invisible.

In the meantime, virtual 3D city models are rapidly increasing with explicit

semantics, topology, and thematicnf or mat i on (D°l Il ner, 2009) .
essential computational tools as they allow 3D analysis, simulation, navigation,
communi cati on and ma n a g e @rel rRehmaf,D2011). ner 200
Examplesfor the uses 08D city modes include city walkthrougls or fly-throughs

showing howa new building would look like in situ, whether a view or light will be

blocked by a new structure, floodundationand signal modelling (Elluland

Joubran, 2012). According to Petzadohd Matthias (2011), 3D city models are

generally more useful if they include additional data which can be analyzed with 3D

representation of real worfghenomena

Numerous standardsgave beerproposed for 30xity models The most wetknown
onesthat can be adapted during their visualization3evisualization standards for



online visualizationrsuch ashe Extensible Markup Language (XMLjhe Keyhole
Markup Language (KML, the Virtual Reality Modeling Languag@/RML) andthe
standards for buiidg objects and sites for 3bity models such ashe Industry
Foundation ClassegIFC), the Unified Building Model (UBM) and the City
Geography Markup Languad€ity GML). Among themthe City GML, which is
proposed bythe Open Geospatial Consortiu@GC), is comprehensivéecausat
defines 3D city models not only as geometrical and graphical models but also with
their thematic, topological and semantic aspects (OGC, 2@&ipugh the City

GML supports standards broadly for city objects, it is limited in terms of defthiang

attributes of specific domasn

Although 3D virtual environmentsfor visualizing geospatial informatiorare
increasingly used andariousstandards are created finem, they mostly focus on
technology and 3Dmodel construction. According to Bleisch (20128D
geovisualizationis oftentechnologydriven and missesolid theores Most of the
research focuses dhe aspects ofechnology and procesasefulness or cognitive
outcomes are rarely evaluated (Bleisch, 2012). demeralaspects involved in 3D
geovisualizationthe guidelinesfor theory and desighave not been well established
and suitable evaluation methods are needed (Slocum ,e2Gl]). Comprehensive
usercentered studies are limite&fficiency and effectiveness or measuring task
completion time and success /error rates are typically used as usability evaluation
measuregBleisch, 2012). User individual differences such as cognitive abilities,
socicdemographic profiles, individual knowledge bases anderstandings of the
underlying phenomenare not systematically examined for geovisualization design
process (Slocum ei., 2001).

The 3D geovisualizatiorhas not involved a comprehensive theoretical background
yet. What has been constituted higbrigins in other gciplines such as information
visualization, scientific ualization,humanrcomputerinteraction and artography
(MacEachren 1995 Dix et al., 1998; Card et al. 1999; Chen, 1999; Ware, 2000).
Therefore althoughthe guidelinesfor theory and desigfor 3D geovisualizatiorare

still not welldeveloped considerations can be based on these disciplines (Skeicum

al., 2001). As it is underlined in the definition of gemmalization by MacEchren



and Kraak (2001, p.3)geovisualizationi s At he Il ntegration of
scientific computing, cartography, image analysis, information visualization,
exploratorydata analysis and GIS, which all togetican provide theory, methods

and tools for visual exploration, analysis, synthesis and presentation of geospatial

dat ao

3D geovisualization is a new research area for Disaster ManagdohhtThe right

and fast uer interpretation of information is very critical in DM. Decistomaking
processes in each DM phase pdeymportant role and differBom each other. Each
DM phase includedifferent userprofiles androles, different type of scenari for
pre-disasteror postdisaster The attributes to be visualized differs with the DM
phases and scenasistudied by the users in these phases. Although 3D city models
are increasinglyused in DM, comprehensivasercenteredstudiesthat suggest
theoreticalapproaches anduidelines for visualization criteria are limiteds a
matter of factthe advantages and disadvantageshefusage of 30geovisualization

in DM are not properly evaluated withreal visualization experts and real decision

makers.

1.2 Aimand Scope

In this thesisstudy, it is aimed at developing a 3D visualization framework for
interpretingDM-related information based on a usentered approacfihe main
target users of the framework are the desigarpertsthat perform visualizations

for DM, the GIS vendors that build specific tools for DM, the researchers who study
geovisualization anéinally the end userthatare the decision makeas DM, who

interact with the visual outcomes of the framework.

The framework iduilt uponthe methodologies and #ories from the disciplines of
cartagraphy, human computenteraction(HCI) andcognitive €ience.lt is basedn
a comprehensiveverview of thefundamental methodologies and theorieshafse
disciplines. Although the proposed framework servies DM, it can k& adaptd to
other domains with appropriate modification§he framework incorporatesa

theoretical background from the disciplines mentioned abbué with the



performances othe decision makerof DM and as well as the judgments of

visualizationexperts.

The framework includes fivenain steps.The details of each step asxplainedin

separate chapterA. specific visualization ofin attribute inra DM phase is aimed to

be conducted in a 3D citynodel. In the frameworkthe purpose igo explorethe

A Ysual Variable® |, ADat a MeaandfiLevel efrDetais (LoD)o of the

City GML f or model i ngsuatTAaxongmy a fMr 2D envi |
visual variables that havbeen defined in cartographic theories are reidentified
according to 3D environments since thage originally proposedonly for the

visualization of 2D maps.

The main considerationof the frameworkis to follow a usercenteredapproach.

Hence, it tarts withthestepAi Ex pl or at i on of , wdishesugge®Rse qu i r ¢
generating useprofilies androlesand user s0 n deeisiormakingr i ng
processes. The context tifie information that is visualized in DM is defined
according to the analysis dfiser requirementsVisualization alternatives are
generated after a specific phase, scenaiq city objects and an attribute is

selected. Dr i ng t he fAV athea géreratedovisualiPations aeesegatuated

with the visualization experts arlde endusers. The framework suggests an iterative
approach thateeps the usasenteredapproach in the cora iorder to create effective

and efficient visualizations tarae t h e edecsioamakengpeodesses.

1.3 Research Questions

This researcls aimed to answer the following questions

1 What would be themain steps of a framework that woultelp creating
visualizations to increasthe effectivemes and efficiency of thelecision
making process of DM specialists? What would be the advantages and
disadvantages of each proposed step when the results are considered?

1 What would be the negative and positive feedbacks of the users and experts

about visualizations1 a 3D city model?



1 Could there be a systematic approach in defining the visualization of an
attribute throughouttaxonomy What would be the dimensions of this
taxonomy?

1 What kind of design mechanisms should be considered whenigial
variables are adapted to the 3D ennimznt?

1 Which visual variable(s)should be considered fafisualizing information
utilizing which Level of Detail of the model?

1.4 Organization of the Thesis
The thesis includes ten chapters that cover the corresponding subjects in an

organized manner. Brief description of each chapter is as follows:

Chapter 1 introduces the motivation section, which includes the explanation of
general gaps in the literatues well as the state of the atie outcomes and the
research questionH.alsoincludes theorganizational informatianChapter 2, which

is an overview of studies for geovisualizatiamcludes theories and concepts from
cartography, HCI and cognitive sciencéeBtudies for geovisualization for DM are
also discussedh this chapter Chapter 3briefly describesthe DM cycle and the
phases of DM. Chapter 4 descslibe proposed frameworK he target userand
each stepf the frameworlaredescribedChapter 5 explains the methods used in the
framework. Chapters @ 10 explaineachstep of thgproposedramework in detail.
Chapter6 provideswhat is performed in the first stegd the frameworkwhich is
AExpl orati on of . Ghapen7 deBcabgaither secoratep bfsthe

framework whichi s fiDef i ning the Vis 8axplainstaea i on

Cont e

third step of the frameworkvhichisii Cr eat i on o f sdcdomingfotteual i zati o

Visual T a x 0 n ®9isngbout thefGuntla siep efrthe frameworkvhich is
AVal i dat i.dhs chiaptancledesshastudies ofpilot user tests, the expert
evaluation, the final user tests and summary of all. In Chd®exhich is the last
step of the frameworki Gui d el i n e s istiabzations are givéni Chapter V
11 provides the conclusionsrelated to theproposedframewvork and includes

suggestions for future work.



CHAPTER 2

OVERVIEW OF RELATED GEOVISUALIZATION CONCEPTS

An interdisciplinary approacis requiredfor this thesis study, becauseaims to
suggest a solid and useful framework for visualization of information for 3D
geospatial environment. Hencénnovative strategies and ethods from the
disciplines of cartography, humaomputerinteraction(HCI), and ognitive science

are overviewd. The reason for considering cartography is th& @n old discipline
and closely integrated witBeographic Information Systems (GI®). cartography
solid theories exist and they can be considered for maintaining fundamental bases for
current geovisalization concepts. HCI and cognitigeience are directlyused in
usercentered studies and they are essentiadisciplines for creatingeffective
informationvisualization This chapter consists of three main parts. In the first part
main cartograplai theories for geovisualizatioare summarizedn the second part
important concepts fronHCI and ognitive science are discussefr effective
geovisualizationIn the last partthe studies relatetb geovisualization foDisaster

Management)M) are expressed and the gaps are stated.

2.1 Cartographic Theories for Geovisualization

It constitutes many theoretical and practical foundationSI8f It is traditionally
defined agheart and science of creating mapat in reality it can be best defined as

a craft combining knowledge fromraphic design and mathematics (Muehlenhaus,
2010).In orderto develop information spaces, many methods can be inspired from
old cartographic processes such as generalization, simplification, map projection and

map scale generationsnformation visualizaton can benefit from artography



becausenformation spaces are based on spatial metaphors such as location, distance,
region, scaleetc. (FabrikanandSkupin, 2005).

The cartography cubereated by MacEachren (1994) is a simple structure
conceptualizinghe level of userinteraction,the type of environment and the aim of
the interaction condered inthe visualization(Figure 21). This cube,which was
proposed in 1994, considergthser interaction with 2D mamd it alscstill gives us

a clear understanding of the userods i1interac
cube humanmap interactions the degre¢o whichthe usercan manipulata map;
presentingunknownsand revealing unknownsire relatedo the goal of the user
which means presenting and discovering respectiyaislic and private are the
degres of the presentationto a specialized audience. According to MacEachren
(1994),visualizationis visual thinking andcommunications visual communication.
Therefore, MicEachren(1994) argues that cartographic visualization igrvate
activity in which unknown facts are revealed in a highly interactive environment. In
contrast, cartographic communication ipwblic activity in which known facts are

presented in a neimteractive environment
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Figure 2-1: Cartography @be, MacEachren (1994)



Bertin (1967/1983) is the first cartographer thas sétfundamental visual variables

for visualizing spatial infornation. The variables he proposese size value
(brightness), color, position (dimensions on the planeyrientation, texture and

shape He definesposition as planar variableand the others astinal variables
ABertino6swhitkirs adbdoveesroed in his books of AS
one of the focupointsof thisthesis His theory which isrelatedto visual variables

is one of the mosknown and discussed theories by cartographers, cognitive
scientists and researchers aformation science. It is a flexible and expandable

theory that althedisciplines considered for this study can connect well.

According to Bertin(1983) visual variables have five characteristieghich are
beingassociative selective quantitative orderedandthe lengthof the variableHe
introducesshape orientation, texture, hue and position as associativevisual
variables (Bertin, 1983)According to Bertin(1983) avisual variable isassociative

if marks that are unlike can be grouped according to a change iasanciative
variable. Size and value are dissociative A visual variable isselectiveif a mark
changed in this variable becomes easier to select than the other marks. All the
variables except forshape are selective (Bertin, 1983). A visual variable is
guantitativeif the relation betweetwo marksdiffering can be seen numericalljhe
variables ofposition and size are quantitative A visual variable isordered if
changes of this variable can be seen i@®eredmanner (Bertin, 1983Fosition,
sizeandvalue aresaid to beordered. Théengthof a visuavariable is the number of
changes that is supportable (Bertin, 1983). For exarapémeis the longest and can
haveaninfinite variety. Howeverprientation is the shortest because confusion may
occur if more than four levels are used (Electronic Misaaon Laboratory, 2012).
Bertin defines mark as point, line, area, surface or volume (Bertl983).
Visualization in geospatial termghe implantationsof Ber t i n 6 sas point, i ab |l e
line and area can be seen in Figar@d. As 3D visualizationsre not consideredy

him, volume is disregarded.

Although Bertin(1983)has strict definitions about categorizing these variables, some
authors criticize that there is no enough empirical evidence to support or ground his
theory For instance, Filippakopoulou et §.999) statéhatthe dichotomy of visual



response to a Vvi sual seledativeor adns$electiv@is gtrict. var i abl eo
Their tests reveal that there is a continuum between two ends. staethat

cogntive research must be examined with real maps and real cartographic tasks.

Bertin createsthe syntacticsthat eachvariable is definedas acceptable or
unacceptableccording to the visualization of the measurensealeof datawhere
they arecategorized asumerica) ordinal andnominal Thesyntactics related tthe
level of measurement fahe graphicvariable can be seen in Figuze3. According
to this syntactics, fonumerical datg location and size are acceptable whereas
value, texture, color, orientation and shape are unacceptable For ordinal data,
location, size value, texture andorientation areacceptablewhile color andshape
are unacceptableFor nominal data,location, color and shapeare acceptable but

size value, texture andorientation areunacceptable.
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variables (In MacEachret995, p.272)

Bertin doesnot mentionsaturation, although he propose&lue and color (hue).
Morrison (1974) proposenine visual variables and includesaturation because
computer visual technol ogi es &tfelhedvwo
thelevel of measuremeifior graphic \ariables can be seen in Figard. He desnot
specify syntactics for the variablgf location. Morrison (1974) useshe terms
useableand impossibleinstead ofacceptableand unacceptableHe also coins an
intermediateaermwhichis possible He offersusingcolor separatelyn the format of
hue, saturation and value. Instead of location, he usesthe variables of
arrangement and orientation. Accordng to the syntacticshat he createdor the
effective visualization obrdinal datg size color value, color saturation, texture
areuseablecolor hue, pattern arrangement andpattern orientation are possible
however shape is impossible Although size color value, color saturation are
impossiblepattern texture is possibleandshape color hue, pattern arrangement

andorientation areuseable

Other examples ofisual variables studied arstructure or pattern arrangement
(Muehrcke and Muehrcke, 1992)abstract sound variables(Krygier, 2004) and
focus (effect of fading, blurring or fuzziness) (MacEachren, 29®MacEachren
(1992) add three variables namely crispness resolution and transparency.

Crispnessand resolution together form the ternmfiocus Crispnessdeals with the

11

t hree



sharpness of detail in thepatial informationandresolution deals with the spatial
precision changeThe syntactics relatl to them can be seen indtire 2-5. He
definesthe levels of effectiveness agood marginal and poor. According to him,
resolution, crispness transparency and arrangement are poor for visualizing
interval/ratio data. However resolution, crispness transparency are good for
visualizing ordinal data. Arrangement is poor for visualizing ordinal data.
Similarly, resolution and crispness are poor for visualizing nominal data.
Transparency andarrangement aremarginalfor visualizingnominaldata. Slocum

et al (200)) add spacingandperspective height.
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hue " g g
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Figure 2-4: Mo r r i \sanabl® $yntactics Bated toLevel of Measurement to
Graphc Variables (In MacEachrei995, p.275)
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Figure 2-5: Syntactics Related tioevel of Measurement to Graphi@kables (In
MacEachren1995 p.288)

12



Bertin (1967) haa negative approach ttynamicmaps as he statédsat movement is
dominant and distracts all attention from the other variables. However, some
researchers are againststistatement. DiBiase et al. (1992)uhd that movement
would reinforce the traditional grajolal variables. DiBiase and MBachren (192)
introducel the dynamicvariables which areduration, frequency, display time,

order andrate of changeandsynchronization.

There are many recent examples related tofihe r t i n 6 so avwel.Foa b | e s
instance Fabrikant and Skupin (2005) focus arcognitively plausiblestrategyfor

data generalization which is composedseimantic generalizatioand geometric
generalizatiorandthey use visual variableg\ccording to Swienty et al. (2006), GIS
vendors need to incorporate more graphical and magnmaools and consider the
variablesjtransparency, motion andfocus Jobst et al. (2008) explore new potential
methods for representing 3D city models and discuss the incorporation of design
mechani sms for 3D by wusing eBemtratmethod ef t heo
rendering, which showa close relation with variables. They emphagtzeneed for
usability evaluations for extended semiotic structdoes3D applications in GIS.
Robinson (2009) presents a range of possible approachmsotohighlighting in
geospatial visualization, beginning with examples of available variables and moving
beyond options.Garlandini and Fabrikant (2009) evaluatine efficiency and
effectiveness of four commonly used variablbich aresize color value, color

hue andorientation for designing 2D maps. Similarly, Doreg al. (2012) evaluate

the efficiency and effectiveness afynamicmgp symbols. Halik (2012) analyzes
visual variablesto use in the cartographic design of point symbols for mobile

Augmented Reality applications.

In addition, variablesreranked according to their attention guidance by Wolfe and
Horowitz (2004).The variablesolor, orientation, size luminance and shapeare
rated asundoubtedand probableattributes (Figure-6). Color and orientation are
undoubtedattributes since they attract attention more and processedattprgively
(less than 10ms)They define shape and luminance as probable attributes.
However,theyexcludemotion becausét is detected faster when comparedtatic

attributes.
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Figure 2-6: Undoubted andi®bable Attributes (in Swienty et a2006)

In this sectionyisual variablesn fundamental theorieare listed in the form of 2D
by cartographersn the literature. ie design mechanisms the form of 3D are

discussed itChapters.

2.2 Human Computer Interaction and Cognitive ScienceéConceptsfor
Geovisualization

The increasing usage of possible computer and mobile kebthe discipline of
Human Computer Interaction (HCI) be considered during the design process of
geovisual environmnts and their interfacetlsercenteredtechniques areitilized

and evaluated in many reseasin the context of geovisualization. However, i th
case of geovisualizatipmiser goals are general atigere isa high level interaction
with information The typical usage is hard to define (Marsh, 2007). The users of
GIS interact withthe informationthatis gathered from different disciplinek this
thesisst udy, t h e manaerqof eteractiorsvatht the visualization of
information may be a deep exploration, analysis adibcovery or it canjust be a

simplevisualpresentation of themformation.

Creating a successfukercentereddesign encircles the principles of HCI and goes
further to include project management, user research, usability evaluation,
information architecture, user interface design, interaction design, visual design,
content strategy, accessibility and web analyfirsability.gov, 2015)Usercentered
design is a design process in whible needs, limitations and requiremeitisend

14



usersare taken in to account to shape the design of the prddsetcenterediesign
approach can includa variety of user researamethods such as usability testing,
focus groups, field studies, contextual inquiries, interviews, questionnaires etc. in
order to understand the needs of the users. Also, it includes broad design methods for
generating new ideas with usefhis is called participatory design (coreation)

which uses tools such as tirtiee activities, diary studies, brainstorming, card

sorting, collaging, role playing etc.

The term of usercentereddesign originate in the 1980s by Donald Normaand it

waswidely usedafterwards. Norman (1988) defsiasia phi | osophy bas
needs and interest of the user, with an emphasis on making products usable and
understandabl ed (p. 188) .astédeow adesignsheuldf our
be:

1 Make it easy to detarine what actions are possible at any moment.
Make things visible, including the conceptual model of the system, the
alternative actions, and the results of actions.
Make it easy to evaluate the current state of the system.

1 Follow natural mappings betweeimtentions and the required actions;
between actions and the resulting effect; and between the information that is

visible and the interpretation of the system state. (Norman, 1988, p.188).

These suggestions place the user at the center of the designsigestionsre
given by other experts as well. For instanSbniederman (1987) propossisnilar
eight golden rules. ltar Nielsen (1993) creatden general heuristics for usability

engineering.

1. Visibility of system status: The system should alwaykeep users
informed about what is going on through appropriate feedback wéhin

reasonabl@eriod oftime.

2. Match between system and the real worldThe system should speak the
users' language with words, phrases and concepts familiar to the usar, rath
than systenoriented terms. Follow realorld conventions, making

information appear in a natural and logical order.
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3. User control and freedom: Users often choose system functions by
mistake and will need a clearly marked "emergency exit" to leage th
unwanted state without having to go through an extended dialogue. Support

undo and redo.

4. Consistency and standardsiUsers should not have to wonder whether
different words, situations, or actions mean the same thing. Follow platform

conventions.

5. Error prevention: Even better thathat,good error messagesea careful
design which prevents a problem from occurring in the first place. Either
eliminate erromproneconditions or check for them and present users with a
confirmation option before thegommit to the action.

6. Recognition rather than recall: Minimize the user's memory load by

making objects, actions, and options visible. The user should not have to
remember information from one part of the dialogue to another. Instructions
for use of he system should be visible or easily retrievable whenever

appropriate.

7. Flexibility and efficiency of use acceleratorstynseenby the novice user
- may often speed up the interaction for the expert user such that the system
can cater to both inexperieed and experienced users. Allow users to tailor

frequent actions.

8. Aesthetic and minimalist design: Dialogues should not contain
information which is irrelevant or rarely needed. Every extra unit of
information in a dialogue competes with the relevanits of information and

diminishes their relative visibility.

9. Help users recognize, diagnose, and recover from error€Error
messages should be expressed in plain language (no codes), precisely indicate

the problem, and constructively suggest a sotuti

10. Help and documentation Even though it is better if the system can be

used without documentation, it may be necessary to provide help and
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documentation. Any such information should be easy to search, focused on
the user's task, list concrete stépbe carried out, and not be too large.

According to Travis(2011) I1ISO 9241210 (formerly 1ISO 13407) defines 6 key

principles forusercenteredlesign:

1 The design is based upon an explicit understanding of users, tasks and
environments.

Users are involed throughout design and development.

The design is driven and refined by usentered evaluation.

The process is iterative.

The design addresses the whole user experience.

= =2 =4 A -

The design team includes multidisciplinary skills and perspectives.

The successfudesign of a product must take into account the wide range of users of
the product (Abras et al., 2004T.herefore the users should ell defined. Once

they are identified by researching the needs of them, designers can create solutions to
their problens (Abras et al., 2004). There are users other thaend users who

finally use the product. These are the users who are affectaami@ way. Eason
(1987) identifiesthree types of usergrimary, secondary and tertiary. Primary

users are the end usavho actually use the produ@econdarysers are those who
infrequently use the product aise it throughan intermediary.Tertiary users are

those users who are affected by the use of the product or make decisions about its

purchase.

Usercentereddesignconcepts in geovisualizatidmve been developed for the last
decadeThe usability evaluations @IS are the main applications. They dirgked

with the integration of approaches of HCI, information science and cognitive science
fields, but in fev applications (MacEachren and Kraak 20@ibklay and Tobon
2003 Koua and Kraak 20Q4~uhrmann et al.2005). In recent yearsisercentered
studies that comprehensively consider the end user hesdseceived considerable
attention. These studies indki the research for the needs of the udezshe usage

of geovisualization tools, decision support systems and web cartography (Tsou,
2011; Kumaret al., 2013; Koua et al., 2006lraditional usability metrics namely
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satisfaction, efficiency and effeetness are used in some studies. For instance,
Coltekin et al. (2009) evaluate the interactineap interfaces using traditional
usability metrics and analyze the cognitive processing of users by examining their
eye movements. Similarly, Brychtova afltekin (2014) analyze color distance
and font size in map readability using traditional usability metrics in combination
with eye tracker metrics such as fixation frequency, fixation duradiot,scarpath

speed and theglsoperformthearea of interest analysis.

Slocum et al (2001) proposethat cognitive research and usability engineering
approaches should be considered in the context of six major research themes: 1)
geospatial virtual environments (GeoVES); 2) dynamic representafincisiding
animated and interactive maps); 3) metaphors and schemata in user interface design;
4) individual and group differences; 5) collaborative geovisualization; and 6)
evaluating the effectiveness of geoviszaion methods. They underlirtbat the
traditional theories for stati2D maps may not be applicable to interactive three

dimensional immersive and dynamic representations (Slocum et al., 2001).

Cognitive Science deals with human perception, memory, reasoning, problem

solving, communication a&h visualization (Montello, 2005). Information

Visualization andHCI are highly interacted with Cognitive Sciendaurthermore

some cartographetiiltt hei r research on cognitive theori
perception, Gestalt theories and knowledgeictures (MacEachren, 1995). It is

known that GIS tasks include analysidecisionmaking and problem solving.

Researchers addredke relation betweengeospatial information and cognition

through questons uch as fhow geospat andlhowithisf or mat i on

learning vaies as a function of the medium through which it occurs (direct

experience, maps, descriptions, virtual Sys
ways of designing interface for Gl&red , Ahow peopl e under stand
concepte Ahow ¢ o mpnfoenationgan de gepittad &d promote

comprehension and effective decisimaking, whether through maps, models,
graphs, or .@&vionteftea20050pv%).0 et c

What types orwhich ways of visualization create minimum cogwe effort is a
critical question. According to Kolbe et.a(2005), 3D graphical representations
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significantly improve thewvorkflow and efficiency of the decisiommaking process.

Moreover, virtual reality techniques provide better perception and conmsieheof
complex 3D structures (Beck, 2003) . A Me a
virtual GIS. These systems can represent and handle corBplegbjects like

buildings and allow for redime visualization applications. The rapid developments

in the field of computer graphics have also supported the use of 3D virtual
components within standard Gadd&edhat2Daal a,

traditional usage of spatial informationnist sufficient for 3D environments.

Visualization cannot be properlperformed without understandingthe visual
perception. Cognitive scientists definbe act of perception by two kirsdof
processes which are battomup and top-down processes. Duringa bottomup
processvisual information the pattern of the light falling on #hretina) driven wave
passeshe information to the back of the brain. Duriagop-downprocessthe wave
sweep back to the fore brain to reinforce the most relevant information (Ware,
2008). For instance, attention guiding visualization Bo#omup oriented process.
Bottomup processes are driven by information from thasideworld. One of the
strongestarticulations of thebottomup process igjiven by Gibson (2002) who
proposesa theory ofdirect perception He statesthat theoutside world provides
sufficient contextual information for our visual systems to directly perceive what
there and it isnot influenced byhigher cognitive processddowever, visual
exploration requires existing knowledge, current goals and prospects; therefore, it
can beregarded as top-down process (Swienty et al., 2008y other words, \ith
topdown process perception of information
goals ancexpectations.

Bottomup and top downprocesses are also defined satsnulusdriven and goalt
directed. As explaired by Corbetta and Shulman (2002ifferent attentional
functions occur in different part of the brain areas. According to themgoak
directedone, the intraparietal cortex anthe superior frontal cortex are involvebh
stimdus-driven one the temporoparietal cortex aride inferior frontal cortexare
included andthis systemis largely localized to the right hemisphere. This

localization & not involved irgoal-directedselection. This system is related with the
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detection ofrelevant stimuli, parcularly when they are salient this thesis during
the preparation of user tests aheé analysis of saliency maps aege trackeheat

maps bottomup andtop-downprocesses amonsideredChapter).

2.3 Visualization for Disaster Management

Natural disastersavecause deaths of millions of people armlige €onomic loses
over the history. Effectiv®M strategiesare needed in order to minimize the ss
especially in vulnerable areafoday, cities in the worldare growingat a fast pace
and naturallythe vulnerabilities increase due to the growing complexityetirban
processes. Therefqreaturaldisaster risks in urban arelhave becomdigheras the
elements at risk in urban areas and their interactiourlian processes are growing

steadily

In order to assist thBM, researchers proposeany frameworks using GiBased
technologies. Uitto (1998) proposea framavork, which uses GIS forDM
considering the DisasterWherability concept. In the proposedarinework, urban
vulnerabilities are calculatedespecially for megacitiesThe study isone of the
pioneers for natural hazardrisk assessmentwith a consideration of social
vulnerability. Herold et al. (2005) outlin@ framework for establishing an online
Web-based Spatial Disaster Support System (SD¥$&e reason fodevelopingthe
SDSS is thatreattime disaster data could be accesseand sharedeasily
inexpensively and in a straightforward manner during varitages of a disaster life

cycle.

Zlatanova and Holweg (2004)rqvide an overview of Energency Response
Managemen(ERM) and outlinedifferent types of end users which @he decision
makers of ERM system/products who can use the system mobile wetidesktop

and virtual environment. Furtherlafanova et al. (2007) suggesh Emergency
Response FrameworkERF) A 3D spatial information perspectivis used to
evaluate the technical necessities of mudtk emergency response systems. The
suggestedarchitecture covers data management and communication subjects of

problem areasSimilarly, F r i e d ma n n(2006%utlmdthe &dterogonous user
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groups ofDM. Different groups vary according to their roles, skills and knowledge.
Eachgroup can be described by ontologlye list of tasks,the spatial extend of
authority and the place of operation. Therere, they suggesthat adaptive
cartography can be considered foMDo make proper visualization according to

situation, purposeands er s 6 background.

Geographic sualization with the usage of informatioachnology enhances the
decisionmakingprocess bylarifying the realities of a diséer more clearly and help
the DM specialists formulate better decisions quickly (NRC, 20Dvjecent years,

new developments inegpgraphidnformation echnologies provide new methods and
platforms that enable innovative visualization of geospatial information. Among the
possible platforms, 3Dvirtual environments are increasingly preferredD
visualization has @reat potential for being an effective tool fmommunicating

disaster riskat each phase tiie decisiormaking process iDM (Marincioni, 2007).

There are several studies on the use of 3D geographic information in modeling urban
environment. In Gouin et al. (2002), a survey of visualization techniques and
approachesthat are applied tovarious domainsis conducted.The surveyis
conductedusing athree dimensional framework, which is namix Reference
Model framework for the application of istalization Aoproaches.The Domain
Context, Descriptive Aspects and Visualization Approach constitute the three axis of
the proposed framework. Sapaz dsidr (2006) put three transportation visualization
examples to the reference model of Gouin et al. (ROBA organizational and

theoretical gajs distinguished througthe approactof Gouin et al (2002).

Isikdag and Zlatanovg2009) proposea frameworkfor automatic generation of
buildings in the City GML using Building Information Modeling (BIM). The
framework defines the procedure of automatic building generation in adiage
flow. In the first stage, the rules for generation are defined for semmaapping of
BIM classes to the CitysML. The second stage includes geometric simplification
rules, and in thehird stagethe rules for the transformation of attribute information
are definedHizaji et al. (2010) proposa framework for integrating the 3D BIM
utilities network data into a GiBased system of water utilities maintenance

operations and management. Like the proposed framework, this study also utilizes

21



the City GML as a base model to provide an integratedlogy coveringthe BIM
and GIS model concepts.

Most current GlsShasedDM systemsfor different types of disasters have been
developed by 2D GIS with 3D visualization systems (laee Zlatanova, 2008).
Studiesthat specifically contributel a method orframework for 3D Visualization in

DM are limited Meijers et al. (2005) propose a semantic model for interior spaces

3D modelthat aims to calculate available evacuation roumilarly, Lee and
Zlatanova (2008) focus on developing a 3D data modekpoesent urbabuilt
environments including the interior structures of the buildings and on 3D spatial
analysis functions used for emergency responses such as 3D navigation and 3D
buffering. Kemec et al. (2009) propose a Hblased approach that derivdset
relation between the hazard type and the urban 3D model. Eight attributes are used
within the proposed decision rule to establish a link between the hazard type and the
spatial detail level of 3D urban model for the visualization of vulnerabilitiesMn D
Shen et al. (2010) create a method for extradtieduilding attributes of a disaster

area from higkresolution remote sensing images. 3D visualization of the buildings
they created is feasihleeliable and advantageous to show the damage areaend th
damage grades of the buildings for decisioaking A study that proposes
framework for 3D visualization usinthe City GML standardswas conductedfor

DM by Ke me(201® Based bn thelisaster type, the needed Level cétal

(LoD) for a 3D modeis derived, whichis thenlinked to the time needed toquess

the data and obtairthe required LoD. The LoD is compliant with the 3D
international standardf the City GML. The frameworkis designed to serve risk
managers and to help them mak better selectiofor 3D model representations
These studies use the technological advances and propose theoretical framework
accordingly However, they lack in consideringhe user requirements and

incorporating them into designs.
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CHAPTER 3

BASIC CONCEPTS OF DISASTER MANAGEMENT

i Di s a anagemen{) can be defined as the organization and management of
resources and responsibilities for dealing with all humanitarian aspects of
emergencies in particulareparednessesponseandrecoveryin order to lessen the

i mpact of di sasd.,e #3.0 Wordl ReRIB, Organization
(WHO/EHA/EHTP) (1998) classified disasters as natural and man
made/technological disasters. Natural disasters can be meteorological such as
hurricanes, torrdos, floods, drought; topographical such as landslides, avalanches;
tectonic and telluric such as earthquakes and volcanic eruptions; biological such as
epidemics and infestations. Mamade or technological disasters can be industrial
disasters, nuclear orchemical accidents, wars, structural failures and fire
(WHO/EHA/EHTP, 1998a)No matterwhat type the disastelis, its management
involvescertaingeneral principles according to the phases of the disaster. Hence, i

this chapter, theonceptof DisastetManagement are briefly explained.

3.1Disaster Management Cycle

The phases oDM can be grouped under two main headingsesea r e -Aft& x
St r at, avlgch arsconductedpre-disasteya n d -Ho&EXt r a t, wigch aes 0
conducted postlisaster (Government of Japan, World Bamkd GFDRR, 2012;
Gutmann, 2011)The phasesf DM are tightly connected to each other. Therefore,
actions or decisions made in one phase expected taffect another phase. They

cannot be defined as separate phases happening in seddencethey should be
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consideredas rts of a cycle which occur in differentemporal phases in an

overlapping manner.

Ex-Ante Strategiescover pre-disaster phases wif are risk assessmentrisk
avoidance mitigation, risk transferand preparednessandwarning andevacuation
Ex-Post Strategies includgostdisaster phases which aresponsgrecoveryand

reconstructior(Figure3-1).

Figure 3-1: Disaster Managemegycle

3.2Disaster ManagementPhases

Ex-Ante Strategieswhich are predisaster phasescover risk assessmentrisk
avoidance mitigation, risk transfer, preparednessandwarning and evacuation Risk
assessmens the firstphase iraneffective DM processRiskin DM is defined ashe

expected losses such as deaths, physiological injuries, psychological tramchas,
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property loss caused by a specific hazard in a specific fiocafor a specific time

pei od. i O briskeassdssmeres to guantify potential damages and losses due

to the future earthquakes (consequences) and their probabilities of occurrence in a
given period (Il i kel.Rmski®dejived fronOthd)\arjable2 0 0 5,
hazard exposureandvulnerability ( WHO/EHA/EHTP, 1998b; WMO, 2002; ADRC,
2005;Government of Japan, World BaakdGFDRR, 2012).

Hazardassessmenhvolves defininghe nature, intensity, location and probability of
the occurrenceof hazard(s) (likelihood) in a specific arta a givenperiodof time
(UNDP, 2010) For example, hazard analysis for earthquake includes the
identification of earthquakeources, modelling of earthquakescurrencesrom
these sourceshe estimation of the attenuation earthquake motionshe evaluation

of the side effects of soil amplification, liquefaction, landslide and surféenat
rupture (OPUS, 2005Exposureassessmerns usedto understand the elements at
risk. It refers to thenventory of population and assets ingien area in which
hazardous evesitmay occur (UNDP, 2010Yulnerability assessmens to definethe
capacity of elements aisk for given hazard scenarios (UNDP, 201These three
variables form the main triangle ofisk assessmenfFigure 2). Then, damage
estimationis performedto understand the impact of the disagteithe community.
During this stepthe estimation of damagén elements atisk from earthquake
motion or posearthquake firess calculated. (OPUS, 2005Jhe next stepcovers
loss estimation and analysis in ordeto find potential direct losses of exposed
population, property, services, livelihoods and environment, amdassess their
indirect impacts on society (UNDR010). Afterwardsrisk profiles are generated
and evaluated. Once the current and acceptable levesk afe determined, disaster
risk reduction plans and strategies could be revised or developed (RBd)re
(UNDP, 2010).

A comprehensiveisk assessmentot only coves the steps frorhazardassessment
to lossassessmertiut also providesa full understanding of the causes ahdimpact
of those losses (UNDR2010). Thus, he process ofisk assessmenincludesthe
technical features of hazards and probabiity well as an analysis of physical,

social, economic ral environmental dimensions ofulnerability and exposue
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(ISDR, 2004).Therefore risk assessment one of the key elements of asBste
Management strategy and providiscision makers witinformation thatis useful

for all the stages of th®M cycle. Riskassessmergeeks fothe computed risk being
acceptable or not, what objects or areas are at risk, what the capacities and resources
are,andhow the risk could be mitigated or redudeK e me - , RiskaBsgessEment

is the most fundamental stepd thust affectsall the decisionmakingprocesses in

DM.

( Damage \
Estimation

Loss
Estimation
v of=F

( Risk Reduction Plans )
& Strategies

Figure 3-2: Steps of Risk Assessment

If the evaluatedisk is too high and unacceptable, even with a partial reduction in
likelihood, total avoidances the only solution. This phase is calletk avoidance
(Coppola, 2007)An exampleof arisk avoidancestrategycan be moving people and
assets out dhigh riskareas.The phaseof risk mitigation covers long term strategies
for minimizing or reducing the harmful effecisf disasters and their impacts

(Herrmann, 2007and UNISDR, 2004. For exampleimprovementsof building
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practices, upgrading bridges and other lifelinesication of homeowners atypical

risk mitigation strategiesRisk transfer is the phasen which the reducedrisk is
accepted buthe consequences oisk can betransferredThefinancialconsequences

of risk is generally transferred from one party to another since household,
community, enterprise or stad@thorities obtaimesouces from the other party after

the disastes occur The second party benefits from ongoing or compensatory social
or financial supplies (UNISDR, 2004This way the consequences oisk are diluted

to alarger group of people thaandlesan average consequence (Coppa@)7). A
well-known example ofrisk transfer is insurance.The phaseof preparedness
includes plans or arrangements to enhance disassponseoperations ando
prepare organizations and individuals to respond (ODPEM, 2008). It involves
equipping people with tools to increase their chance of survival or help those
impacted minimize their losses (Coppola, 2007). Although there is no known and
applicablewarning ard evacuationsystem for earthquakes, this phaseolvesthe
provision of timely and effective information for individuals who are exposed to

hazardso that they catakenecessary precautioiSDR, 2004).

Ex-PostStrategiegleals withpostdisaster phasesvhichinvolve responsgrecovery

and reconstruction In the phaseof responsgactions are carried out to reduce or
eliminate the impact of disasters such as saving life, prevent suffering, reducing
financial losgsetc. (Coppola, 2007Recoveryphase focuses on the stabilization and
return of the exposed community to its fmgact status (Herrmann, 2007). Lastly,
reconstructionphase involvesan in-depth assessment and prevention of new risks,
and measures for latcommunities to get back on their feet (European Commission,
2010).

In thisthesisstudy,the disastertypot be st udi ed drst whibheslkeend .as
main reason for this choice is that earthquake is the most powerful natural disaster

that hascaused loss of life and property in Turkey (Engay et al . , 201 3)
DM projects in Turkey are mainly relaténl earthquake. Moreovett, is known that

earthquakes affect large populations in the urban areas t he wor | d. Al
decade, ednfjuakes caused more than 780,000 dea#ttisiost 60% of all disaster
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rel ated mortal ity oThefed®, @ffetlieevBd visudlizatibrican # 6 ) .
provide decision makers with better decision support.
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CHAPTER 4

THE PROPOSED FRAMEWORK

The framework is the main output of this thesis study for guiding to ceffattive
DM-related informatiorvisualizationin 3D Environmentbased on a useentered
approach The framework isdeveloped forfour types of target user§heseare
designerswho perform visualizations foDisaster Management (DMjesearchers
who study geovisualizationGIS vendors who provide tools and modules for

geovisualization in GIS softwarand theend userswho areDM decision makers.

The proposedramework servethe designerswho aimto developa comprehensive
approachabout creating effective and efficient visualizations fBiM decision
makers. These visualizationgre generallyperformedby researchers in research
institutions and DM specialists igovernmentabnd private organizations who are
mainly earth scientists, engineers, GIS experts and mapping specidlgs
systematic approach in th&amework can give insights taesearchers of
geovisualizationThe framework can be adaptable to any other domains that include
decision making processeSpecifically, the researchers who stugher experience
design for geovisualization canse the guidelinesand follow the steps of the
framework. The GIS vendorswho decide to build @&pecific modulefor Disaster
Management in their GIS softwaian create tools according to tigenguideines

in the framework This modulecan be prepared separat@ybe imported to the
software as well. The naole can be named as DM tools.

The most important target users are #red userswho arethe decision makers in
DM. They are the users who interact with the final visualizatigeserated
according tathe proposed frameworklwo types of decision makeese taken into

account theseare executive level decision makers who anainly administrative

29



staff that develop strategieand DM specialists and researchete mainly explore,
analyze andpresent informatiorto the executive level decision makewgith this
framework,it is expecedto obtain anincreasean the effectiveness and efficiency of
DM decisionmaking processesin the framework, end useese active both in the

step AExploration of User Requirementso and

The proposed framework consists of five main stepa mel vy A Expl orati on of
Requirement so, AnDefining t he Context t o b
Vi sualizations according t o t he Visual T a x

AGui delines fiozathenshHn@Fi Yuse ad

STEP 2: Defining the
Context to be Visualized

e STEP 3: Creation of the
Visualizations according to

the Visual Taxonomy

STEP 5:Guidelines for the
Final Visualizations

Figure 4-1: The Steps of the Framework
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The first step in the proposed framework isE x p | o r dseri Requireraeinds
(Figure 41). This step involves intervieswf variousend userérom different phases

of DM and different organizations such as academia, civil society organizations
governmental organizations and financial institutidasr this purposeaninterview
methodis used and 2@nd usersreinterviewed atheir places. @e interview takes
approximately 45 minutesWitht he hel p of the iIinterview
profiles are identified including data ortheir profession, job title, team workers (if
any), experience and foundatioklso, their scope, main decision processesithe
scenarioxonsideredthe city objects and attributessualizedand the visualization
toolsusedaregenerated. What kind of problems they encounter during their analyses
as tothe visualizationswhat they expect fromthe visualization of geospatial
information in a 3D city modekndwhat kind of tools they neeale questioned as

well. The details of this step can be seen in Chdjpter

The second steip s efimily theContext b be Msualizea (Figure 41). In this step,
the scenarios, city objects atite attributes of scenarios they wosdke analyzed.
Highlighted scenarios, city objects and attribuaes defined.The statements of the
users related to standardization and 3D city modelinganatyzed.According to
user so6 e x plierarchiaal Task rAalysisisecarried outandthe hierarchical
structure between the phases and their tagkdescribed. According to this analysis,
as the phaseschange their scenarig differ as well. Therefore, the objects dan
attributeson which they focusdiffer. In other words, for each scenario, the city
objects, possible attributes of the objects and the decision mad@medifferent
According to Hierarchical TasRnalyses,the fundamental phase isonsidered as
risk assessmentAll the Ex-Ante (predisaster) phases obM, which are risk
assessmentisk avoidance mitigation, risk transferandpreparednessare connected
to this phase. Therefore, a sagio used imisk assessmens decided to be tested in
this thesis study. The scenario that issed in the case studg decided to be
earthquakeRisk Prioritization, which isrisk scoring of theBuildings according to
certain criteria Therefore,the main city object $ decided to b&uilding and the
attribute to be visualized iselectd astotal earthquakerisk of the Building. Further

details can be seen in Chapter
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The hird stepin the framework isi Cr eat i on of the Vi sual
Vi sual T a x o n-4)miy\bsual Texiorppmyis genedatedin this way The
Visual Taxonomy has three dimensignshich are Measurement Scale, Visual
Variable and Level of Deta{lLoD). Eachvisualization of an attribute of a city can

be defined as oint placed in this taxonomy. lthis step, different alternative
visualizations ofisk on the buitlings are prepared. Thisk is visualized asrdinal

data (ow, mediumand high risk. While doing this,the suggestionsof Bertin,
MacEachren and Morrison on visualizimgdinal data with visual variableare
considered.However 3D mechanisms differ from 2D athey include global
properties such as lighting, shadows, shading, background and atmospheric
properties and view properties such amera and projection propertiegherefore,
these are analyzed in a systematic mannie. global properties are set fixed for
alternative visualizations created during the thesis stlidg.viewing angle is also
fixed. However, zooming levels are differed accordingdd of the visualizatias.

Thefourth stepi s f V a |riodcaghdie@ihe viBual alternatives are evaluated.
Based on theé/isual Taxonomy, therisk attribute is visualized on the city object
building inthreedifferentLoDs using the effective 2D visual variables suggested by
the cartographers fardinal data. The alternative visualizations are evaluated by the
pilot usertests and expert evaluation a workshop.Then, ®me alternativesre
eliminated and newnesaregeneratedAfter the eliminationthe newvisualizations
aretested with real users through a test procedure that conshaetdime andlong-
timeresponse to the visualizations as human perception differs with@ihagpier9).
Saliency maps that are mgrated uporthe Itti-Koch Model are compared with eye
tracke heat maps of the finalsertests. This comparison is suggested to be a
comparison of the usage of the variables whetitomup (with saliency maps) and
top-down(with heat mapsflecisionmaking processes are in progresd. the results

are analyzed and are discussed.

The last step involveé Gui del i nes f or t hwderefhe mastl Vi
effective, efficient and usable set wék visualizations of the buildings in 3D city
model is determined The final visualizations are generatesid the guidelines

referencing the Visual@xanomy are given (Chaptég).
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CHAPTER 5

METHODS CONDUCTED WITH THE END USERS AND VISUALIZATION
EXPERTS

This chapter introduces briefly the methodsnducted with the end users and
visualization experts. Three main methods are used which are interview, user tests
and expert evaluation. The reason to use both qualitative and quantitative methods is
that they are complimentary methods. User tests arentist comprehensive as they
include both quantitative and quantitative methods. Participant number is 30 or over
30 in user tests to statistically infer meaningful results. Why each method is used is
explained in this chapter.

5.1 Interview (In Step 1)

During the first step which i@ Ex p| or at i o rquiceents ehstructtede r R
interview method is conducted. Thaestions of the intervieare planned before the
interview sessions and same questions are asked to each par(iajpaendix A).

The man aim is to learn deeply about profiles and roles of the participd@tssion
making processes iDisaster Management (DM) and their first impressions about
visualizaion of DM related information. Interview method asqualitative method

and advantagewos for the researcher who is not experienced in the topic of DM. It
provides deep knowledge about structures in DM and the end users in detail.
Questionnaires are given after each interview to quickly collect the visualization
context they consider durinfpeir decision making process@die participants are

observed throughout the day at their pregsiwhen they are visited.
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5.1.1 Participants

Participants otheinterview sessions are the end users who are the decision makers
of DM. 20 participants are interviewed at their premiSdse reason to select end
users for this method is to understand their needs and requirements as the final
visualizations created according to the framework are used by them during their
decision making presses. The participants are awarehef3D visualization for

DM, but theyare not experienced enough as they mainly use 2D visualizations

duringtheir routine workThe cetails of the participants are given in Chapter 6.

5.1.2 Materials

During the interview, the recordings are made using iPhBndAlso, the answers are
noted to the sheetsThe simulation shown to the participants is generated in
Windows Media Playein laptop The questionnaires are given to the participants as

paper sheet format.

5.13 Procedure

Each interview takes approximately 45 minuteéach interview is composed of two

parts (Appendix A)ln each interview, gimulation of3D model is presented to the
participants and their positive and negative comments are recorded. After each
interview, two questionnaire sheets are given to the participants to learn about their
requirements related with the visualization context they consider during their own
decision making process. These are obtained under the headings of city objects and
thar attributes. The details are given in Chapter 6.

5.2Pilot User Test(In Step 4)

User tests are conducted both wile experts and end users.séf tests are
conducted after the alternative visualizations are crealéés test method is
guantitative and conducted in controlled manner. Pilot user tests are conducted with
visualization expertsThe experts are mainly deal with visualization especially

geovisualizationPilot tests are conducted for two main reasons.t Fgason is to
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gain positive and negative feedback from the experts who perform geovisualization.
The results of these test¢hich are response time and accuracg considered in
Step 4 which i s I Yiatlused testsi l@vnleveP of cageitves O .
processing is considered as the participants are asked to response as soon as they
decide and they are informed that the images will change every five seconds.
Therefore, their decision mode is intuitivEhe secad reason is that g&bese user

tests are pilot tes@nd if problems occur better test procedure in the final user tests
which are done with end users can be credted.instance, in this thesis study, the

user tests are extended to include a secondmpiré final user tests.

5.2.1 Participants

30 visualization experts participate to the testblalf of the test sessions are
conducted with the experts who deal with risk and uncertainty visualization who are
the participants o¥ienne at Risk and Uncinty Visualization Workshgpheld in

23 September, 2014The other half of the sessions is conducted in Ankara, in
October 2014 with Turkish visualization experts.

5.2.2Materials

The visualizations are created in 3Ds max and rendered in jpeg fdareatisual
variables in the pilot user test visualizations saturation, brightness pattern,
transparency, blur, size(of an abstract object), hue, selfillumination (for LoD

2). 28 images are embedded to Open Sesame program whibbha\aoralanalysis
program. In each visualizatipthree buildings in three differehevel of Details are
given. Each visualization risk is visualized with one visual variable. No legend is
used in order to understand participant instinctual decision. The panti€ipsed
keyboard to press their decisions. In each visualizatjtmibal properties are fixed.

Further details are written in Chapter 9.

5.2.3Procedure
The pilot test procedure &ry similar tothe first part of the final user test procedure

The only difference is the three buildings presented in the pilot tests are different.
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However, the ones in the final tests are the same. Before the tests start participants
perform ademotest to get used to the keyboard. Each visualization is presented t
the participants for five seconds. The participants are asked to click the number of
the building which they think has the highest risk from the keyboard. Response time
and accuracy according to the prepared ground truths before the test are collected in
Open Sesame in excel format. They are saved with the participant number. The

details are given in Chapter 9.

5.3 Expert Evaluation

Expert Evaluation is done to get broader anddeeper feedback from the
visualization experts. Becayséhe pilot user tests with the experts provide
guantitative result€Expert evaluation iperformedn a workshop formafThe reason

is that in the sessions, there is a discussion part where the presented alternative
visualizations are evaluated. Thereaiscreative activity tht experts are asked to
createtheir own ideas for risk visualization. Different materials are provided. In the
workshop the participants have the chance to discuss their ideas. Therefore, topic can

be deeply evaluated ameéw designgan be generated.

5.3.1Participants

Five expertswho deal with geovisualization in their work in practice or academic
way are invited to the workshop. All of them are familiar to 3D visualization. Two of
them can perform 3D visualization. The further details of the participants are given

in Chapter 9.

5.3.2Material s

In the first session, laptops are provided to the participants and the visualizations are
prepared in the folders on their deskt§heetsare given to the participanter to
evaluate the effectiveness of the visualizations. The sheets are in A3 format because
al |l of t h shegtsambanged onpgha boaedtér they evaluate thefor the
discussion. In the second sessidmgos, drawing pencils, papers, prirouwf
abstract objectare given.All of the sessions are recorded with vid@articipants
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are asked to sign a consent form before the sessions that indicated that the study is
confidential and their personal information will not be shakelven types bvisual
variables for the expert evaluation are defined for 3D environment. The list includes
hue, saturation, brightness self-illumination usage withhue, saturation and

value, transparency, pattern, pattern usage withtransparency, blur, size usage

with abstract object and size and hue usage withabstract object Why these

variables are selectedagplained in Chapter 9 in detail.

5.3.3Procedure

At the beginninga brief explanation about the thesis topic and what has been done
up to that ime is presented. Afterwards, the participants are asked to introduce
themselves. The first session is relatedhe evaluation of the alternatives. It takes
approximately 70 minutes with the discussions. Alternatives are presented in
different zooming \ews in their laptops.The experts are asked to evaluate them
according to seven scalef effectiveness. During the second sessilba experts are
asked to create their own alternatives using Legos, drawing pencils, papers, printouts
of abstract objectsThis session also takes about 70 minutes with the discussions.

Photographs from the workshop can be seen in Appendix E.

5.4Final User Test

The final user tests are held in the Test Lab of User Testing and Research Lab
(UTRLAB), which is located in the Middle East Technical Unsity. This is the

final step of the validation as the eliminated visual variables are presented to the
participants. It is a controlled study that aims to collect both qualitative and
guantitative dataQualitative data is collected during the discussion part conducted
after each session. The reason for to conduct these tests with the end users is that
they are the users who interact with the visualizations during the decision making

processes. Therefqrihe way they percept the visualizations is important.
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5.4.1Participants

Final User Test is conducted with 35 end users who are the decision makers of DM.
The users are selected to be from different range of foundafidres users are
separated into twgroups according to the level of decision making; executive level
decision makers and DM specialists and researchers. Also they are defined according
to their profession and the DM phases they work for. The details are given Chapter 9.

5.4.2Materials

During the testsa desktop computer and Tobii X12§e trackerare used. fie
sessions are recorded using the software Morea Rec@filé&iso a USB camera is
used.The users are asked to sign a consent form before theTilestsisualizations

are again pepared in Open Sesame Program; however Open Sesame files are
embedded in Tobii eye tracker software. In the first phg,itnages of three same
buildings and fixation dot are embedded into the software and shown to the
participants every five secondsach image has the dimension of 640x480 pixels. In
each imagerisk visualization is created using different variables. Eight types of
variables are usedluring the first and secongbarts which arebrightness
saturation, hue, transparency, blur, contour, self-illumination -hue and abstract
object-hue. Brightness and saturation are used with bottblue and red. Two
different types of background are usedhich are satellite view and map viewthe

second part.

5.4.3 Procedure

Each test is performaddividually and each session takes approximately 40 minutes.
At the beginning of the test sessipparticipants are asked to perform a demo test.
The main reasohehind thigs to make the participants get used to the keyboard keys
and mouse clicking whe they are making their choice. Therefore, the content of the
demo test differs from the content of the tests. An explanation document is provided

to the participants with detaiédbout theest.
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The tests are composed of two parts and 10 minutes diseyssit.In the first part

of the final user tests, 19 images are shown (see Appendix G). Participants are asked
to click on the number of the building that they think has highestrisk according

to the image. The participants are asked to press thienkegdiately after they make

their decision. There is no map legend given on the images. This part of the test
comprises a low level of cognitive processing. The decision mode is intuitive. The

participant makes a quick and unconscious response.

In the seond part of the final user tests, 38 images are used (see Appendix H). In
this part,the Cumhuriye district is shown. Some of the buildings on that district is
visualized as havingigh risk some of thenmedium riskand some of therdow risk

The particpants are informed thataeh visualization is prepared according to an
artificial data, no real calculations are considered for determining esichevel
Participants are asked to click any building which they thinks from the highest

risk range. Thee is no time limit in this parttherefore, there is a slower thinking
process. This part of the test comprises a high level of cognitive processing. The
decision mode is deliberate. The participant makes a slow and conscious response.

After these test sessions, the images used in the second part are shown to the
participantswho are grouped together according to LoD and background image.
Their opinions about the visualizations are asked. This part takes more than 10

minutes and it is me like a discussion part
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CHAPTER 6

EXPLORATION OF THE USER REQUIREMENTS (STEP 1)

This chapter is about the first step of the framewdie aim of this step is to
understand the end usero6s gener al opinio
what they need to visualize in this environment using of which scenario and phase.

It starts with explaining the procedufe analyzingendusers dequirementsThis

stepcan be considered as the starting point
to be Visualizedo in the designed 3D cit
this stepcan be considered as kmasenent for providing the definitions of the

scenario, city objects and attributes to be visualiZedit is stated in the previous

chapter, the end users are the decision makers of Disaster Managemenin(igl).
beginning, there is no specific scenario of a DM phase thatnsidared tobe

studed for the thesisstudy Therefore all types of users from DM phases that deal

with different scenarios areonsidered as usersHowever, to underline for the
researchers who follows this framework, it would be possible to studythatbsers

with a defined scenario

The interviewand questionnairanethod areused in this stegProfiles ard roles of

the end users arenvestigatedthroughthese methodsThe profilei s t he user 0 ¢
title, experience (in years), foundation, profession and@ders.Therole is higher

scope, DM phases that he/she stuydiesin decision processes, the toolsheuses,

scenarios hiehe studiescity objects and attributes that/bBleewants to see in the 3D

city model visualizationAt the end ofachinterview, a short simulation of a 3D city

model is presented.
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6.1 The Procedure of User Requirements Exploration

User requirementareestablished under two main headipgrofile androle. Profile
of each uselis examined by defining user's job titlprofession, experience in
Disaster Minagement, departmeand foundationvorked and coworkersRolesof
the usersrespecified by defining the scopef user 0 s st utllkysersvor k , I n W
are active in DM phasesnain decision processgonethrough, the toolsised the
highlighted scenariostudied city objectsand attributesonsidered in thelecision

processes

Interview methods used to understanithe needsof users.20 wsersare visited at
their premises The averagetime which theusersare allocated for the intervievs
about 45 minutes. During the intervievise aim of the thesis study and a general
description about the intervieiwconveyed to the userBeside thenterviewsu s e r s 0
working routines, working environments and conditiaresobserved and noted. The
interview questionare conposed of three parts (Appendix A). The first part includes
general questions in order tmderstandhe profiles of the usersard their working
routines.The secondpart isabouttheroles of the usersdecision processes in detall,
phases anthe stepsconsideredn DM, analysestools and visualizationeequired
during decision preesses. Theesond part isof greatimportarce in order to
understand therequired tools and visualization methods. In the last part, a
perspective animation of a 3Bity model ispresented. The citynodel includes
textured buildings, transportation, terrain and vegetatifmvever,the modelis not

a finished product. Thereforit,is explained to the usetisatthe modeis a prototype
and still in the design preess With the questionsin this part, it isaimed to
understandwvhether the users can take advaaetag 3D Environment during the
decision process. Which city objects and attribute/informatr@nneeded to be seen
in the environment igliscovered by conductinevaluation surveys (Appendix)A
One d the surveys includethe list of possible city objects to be visualized in a 3D
model. During the preparation of the listhe City GML objects are the main
reference. The useeseasked to choose the city objettsatthey want to see in the
model and state hownportant (high, mid, lowjhe objects ar¢o them.Also, they
are asked taddthe objects that@renot inthe list. The second surveytis identify

the list of object attributes consi@éer (Appendix A) . The usersd answers
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questions are gathered under the headings specified in the first step of the
methodology. These specifications canfbend in Appendix B andAppendix C.

The city objectgpreferredin the model are describedcording to the main scenarios
analyzed during thdecisionprocess. Main decision proges and scenarios of the
users are listeth AppendixC. With the helpof the evaluation surveythe level of
importance for each objectabtained.

6.2 Exploration of the User Profiles and Roles

The usersactivelywork in different phases of DML he userprofile is composed of
users from all phases of Disaster Management, frdek assessmentto
reconstructionMainly they are actig in more than one phadeor instance, user 11
is active in botlpreparednesphase andesponsghase. Similarly, user 16 is active
in bothrisk avoidancephase andeconstructionphase. As seen more clearly from
Figure6-1, most of the users are the decision makers efARbte Strategies and most
of them are active inrisk assessmenphase For example, while user 4 is only
responsible forisk assessmentiser 13s active inrisk assessmerandalsoactive in
further phases such agtigation, responseand recovery As it can be understood
from the interview results, the users do not often work individually. Tresform

group projects and generally make decisions collaboratively.

mRisk Assessment ®Risk Avoidance mRisk Mitigation = Risk Transfer

® Preparednesss m Response m Recovery m Reconstruction

Figure 6-1: Users according to Phases
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The end users are grouped under tives according tahelevel of decision making
executive level decision makers and DM specialists and researchers @-Ru&x
users are executive level decision makéfs users are DM specialists afidally
four users are DM researchers. 5 usdrshe DM specialistsand researchers deal

with visualizingtheir exploration and analysis.

® Executive Level Decision Maker
= DM Specialist and Researcher

Figure 6-2: Users according thevel of Decision Making

Usersareselected to be from different rangebaickground. Although most of them
work at governmental organizationsuch asthe Prime Ministry Disasterand
Emergency Management Presidency (AFAERe Ministry of Environment and
Urban Planning, som&ork at Non-Governmental Organizationsuch as AKUT
Searchand Rescue Association, Turkish RedeScent;academiaand financial
institutions(Figure 63). Their distribution according tthe backgroundtan beseen

in Figure6-4. 13 out of 20users are engineers (Fig€). The others are urban and
regional planners, statisticians, economists and political science and public
administradrs. The mean experience of the users in Disaster Management is 17.15
years. There are experienced ussteh aghe user 13who has beenpecialized in

DM for 50 years but also noexperiencedoneslike the user 10, who has been
working for DM for two years Appendix B gives the details of each user

(Profession, Department/ Foundation, Job Titlewookers, Experience)
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® Governmental Organizations ® Academia

® Civil Society Organisations ™ Financial Institutions

Figure 6-3: Users according to Foundations

Political Science & Public Administrator[il]

Economist - : : : :

Statistician|

Urban and Regional Planncr-

Engincer | N

0 2 3 6 8 10 12 14

Figure 6-4: Users according to Professions

The secondpart is abouthe roles of the usersdecision processes in detail, phases
and the stepsconsideredin DM, the analyses, tools and visualizations required
during the decision processes. The second parsignificant to understand the
required tools and visualization methods well The scenarigsobjects and
attributes specified bthe users directly affect the second stefnich compriseshe
selection of main scenari@nd the attributes needed for 3D model visualizations.
These specifications of each user according to thpaeametersare providedin

Appendix C
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CHAPTER 7

DEFINING THE VISUALIZATION CONTEXT (STEP 2)

This chapter dscribes the definition of visualization context based on stiéfhas a
systematic approactiior identifying the highlighted scenarios, city objects and
attributes expressed by the users according tantaved Disaster Management
(DM) phases.A Hierarchical Task Analysis method is used to understand the
relationshipsbetweenthe phases, the tasks (scenarios) uaadmain city objects

and the attributesto be visualizedare explained schematically i hierarchcal
manner. Lastly, a scenansed in aDM phase isonsideredor the case study that

the visualizationso be prepared accordingly.

During the interviews, most of the end users indicate that there is no standardization
of visualization of the information they use, therefore most of the visualizations are
complicated and not understandable. The tools they use do not have user friendly
interfaces;hence fewpeoplecanuse thenefficiently. Although as stated by Kolbe
(2005), 3D visualization require extra costs such as human resources, hardware and
software usage, @tan be deduced that the ustvisk thatvisualization in 3D Virtual

has advantages more thaisadvantages. Especially, they think that these
environments areffective to visualize in 3D when vertical axis is considesetth

as describing damage assessment/estimation, epicenter, geomorphological and
geological properties. Likewise, neighborhood relations changing tiwvéhmodel

scale can be understood better with 2Dcording to Nielsen (1998) arSebrechts

et al. (1999. 2D information visualization is bettgoerceivedthan in 3D and
searching forinformation is difficult in 3D environmentHowever, gveral users

state thathe perspective view increases their perception as they can see the whole
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environment. Howeverosne of the users indicate that 2D view is also necessary and
can be supportive to 3D visualization. They state that there are condaio2B

view to besufficient and effective (eg. visualizing land use from top view in small
scale).In the study the focus on information visualizatisrdecided to béor pre
disaster phases mgie the interview results showhe 3D city modelcan be
advantageous for mainly pdesaster phases.

7.1 ldentification of the Highlighted Scenarios, City Objets and Attributes

As inferred from the usersodo feeddre k,
Strategies(pre-disaster) For Ex-Post Strategies (podisaster) the realtime data
input to the model is necessary.-Brte Strategies cover the phasek assessment,

risk avoidance risk mitigation, risk transferandpreparedness

As it is understood fromthe results of the interviews argliestionnairgsusers
together or individuallyperform the same type of analyssr follow the sme
decision process. Therefore, th@me scenario can be studied by different types of
usersHence it is better to define users not individually but within a gréTgble 7-

1). The groups can barranged according to the phase in which they are actively
working. Once the scenario is decided for the user group, common objects selected
from the City GML standards anédditional objects that the useexjuestbecome

the objects of the modelT@ble 7-2). The attributesdiffer according tahe scenario
andthe user grouplhe detailed analgs of selected scenarios, objects attdbutes

for each user grouare given inTable7-1 and7-2. As it can beseen fromTable7-1,

the user grouparedistributed according to the phas&be objects and attributesf
eachuser group differ from each other. The objects and attributes are selected
according to commoanswers angriorities definedWhen theTable7.1 and7.2 are
explicated,an obvious hierarchy between the phases, their objects and attributes can
be seen. For instance, only aftesk assessmerdnd visualiation ofrisk (the main
attribute of risk assessmeht many analysis can bperformedwithin other DM
phases. Also, steps within each phasdraeehierarchicaimanner. For exampleisk
assessmentan only becarried outafter e steps ofhazard and vulnerability

assessmentlamageandlossestimationin which different objects and stditributes
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are consideredThe detailed analysisfahe hierarchical structure of scenarios,

objects and attributemreexplained inthenext section

Table 7-1: Users and Highlighted Scenarims Each Phase

PHASES HIGHLIGHTED SCENARIOS

RISK ASSESSMENT
Damage
Estimation
Estimation

Uz2,u3,uL,us,u7,us, * Preparahon of earthquake risk map of a specific
w3, e Qgplace
u1,uis,u19 + Preparation of earthquake risk map of city objects
in a specific place
U1,U2,U3,UL,U5,U7, U3 8 + Preparation of seismic hazard map of a
ui3.une specific place with integrating ground properties
ul . Def'mng vulnerability for city objects of a
specific place.
(WE:] * Deﬁnlng social vulnerability for an
earthgquake in a specific place
~ Wuwuzusunusuz |+ Estimation of damage when earthquake with
us.u13 e parameters occurs (In which provinces,districts

etc. damage would occur? How many city objects
(building, lifelines etc.) would be damaged?)

U1,U2,U3 UL, us,u7 = Estimation of loss when earthquake with
ug,ui3ue parameters occurs (How many people would die
rty

or get injured? What would be their loss of prope

+ Urban Renewal (First strategy: in place) considering
ocial and economic conditions

(Can the renewal be in place or residents should be
moved to low-risk areas? Where should new buildings
be located? What are the proposed social and
economic conditions ?etc. )

U15, Ui, U17

MITIGATION

[ RISK AVOIDANCE

U1, Ue, U8, U13

MM
o=

[RISK TRANSFER

» Preparation of strategies for shifting risk from
placeholders to insurers

U19, uz20

. _
| —

[PREPAHEDNESS

+ If an earthquake with __ parameters occurs in a
specific place what should be the response plan?
(How much food supply should be sent? Where shoud
be the shelters located, how should be the heath
service ?etc.)

utt, uie, u13, Uik,
uig,uz2o

» Preparation of roadmaps for minimizing loss if an
earthquake with __ paramaters occurs?

~
P—
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Table 7-2: Objects and Attributefor EachScenario

HIGHLIGHTED HIGLIGHTED
HIGHLIGHTED SCENARIOS OBJECTS ATTRIBUTES

* Preparatlon of earthquake risk map of a specific Terrain, Land Use, Risk N
place
+ Preparation of earthquake risk map of city objects Building, Lifelines, 48 Risk
ina spemﬁc place Transportation, e |
* F’reparatlon of seismic hazard map of a Termrain Earthquake Hazard Potential
specific place with integrating ground properties o
- Definmg vulnerability for city objects of a Bu|ld|ng Terram Llfelmes Physical Vulnerability
specific place. Transportation
* Deﬁnlng social vulnerability for an Bwldmg, Land Usa Terram Scmal Wulnerability
earthquake in a specific place
+ Estimation of damage when earthquake with __ Building, Transportahon Damage Estimation
parameters occurs (In which provinces,districts Lifelines, Terrain
etc. damage would occur? How many city ob]ects G
(building, lifelines etc.) would be damaged?)
= Estimation of loss when earthquake with Building, Lufelmes G Loss Estimation
parameters occurs (How many people would die Transportation, Land Use,
or get injured ? What would be their loss of property Terrain
J
+ Urban Renewal (First strategy: in place) considering Building, Lifelines, Transportation il Terrain/Land Use: Risk, Loss Es)
social and economic conditions Land Use, Terrain Building/ Land Use: Economic,
(Can the renewal be in place or residents should be educational, social. ownership,
moved to low-risk areas? Where should new buildings neighbourhood profiles, Damage
be located? What are the proposed social and Estimation
economic conditions ?etc.) Transportation/ Lifelines:
Types, Damage Estimation )
r Preparation of roadmaps for minimizing loss if an Building, Lifelines, Transportationf Terrain/fLand Use: Risk, Loss Est)
earthquake with _ paramaters occurs? Land Use. Terrain Building / Land Use:
Demographic, social, educational
and ecanomic profile, Damage
Estimation
Transportation/ Lifelines:
| & Types, Damage Estimation .
i Preparation of strategies for shifting risk from Building, Land Use Building: Risk,number of floors, )
placeholders to insurers year of construction, number of
occupants, material, type, surface
area of apartment
Land Use: Population, Loss
Estimation, Cumulative Risk-
\ ortfolio J
- If an earthquake with __ parameters occurs in a Building, Lifelines, Transportationf Building: Occupants’ profile, Risk)
specific place what should be the response plan? Land Use. Terrain Damage Esl., lype
(How much food supply should be sent? Where shoud Terrain: Slope, ground properties
be the shelters located, how should be the heath Land Use: Vacancy, Risk, Loss
service Petc.) Estimation
Transportation/ Lifelines : Type,
| N Damage Est., Availability Y,

According to the results of thguestionnairethe mostimportant city objects for
usersof all phasesare found to be Building, Terrain, Transportatiband Use and
Lifelines (Figure7-1). However, theirpreference changeaccording to the phase
(Table7.2). Vegetation and City Furniture are described astijects that havéhe
lowest importance Waterbody is found to bémportant for five of the users;

however seven users even do nomnealer it as an object to be visualized in the 3D
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model. Users suggest adding objects such as infrastructure, city cameras and stations.
The positional informatiorof all the objects is the most preferred attribute to be seen

in the model. In addition, according to most of the users, informadloout
populationshould be visualized. The related object of population attribute differs
according to the phase of the user. ifstance, the users afitigation considerthe
population of a region, but the usersrigk transferconsidersthe population in a
building {he number of occupants) to be visualized. Furthermore, demographic,
economic, social, and neighborhood profildstlee population should be spified
according to the users ok mitigation and risk avoidanc@ able 7-2). All of the
attributes preferred by the users of eachnario of thgghase can be seem Table

7-2.
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Figure 7-1: Highlighted City Objects by all Users

7.2 Methodology for Defining the Visualization Context

In pre-disasterphasesdecision makers need éstablishcertain scenarios to achieve
variousgoals. The scenarios include tasks that decisions makers perform in different
DM phasesMoreover these tasks can be died into multiple levels of sutasks.

From User Experience perspectitiee Hierarchical Task Analysis method can serve
this type oforganization. Once thHierarchical Task Aalysis is arried ouf it can
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serve as an effective form of tbeerall system, enabling designers or developers to

rapidly understand and anabhow users interaavith the systemThe Hierarchical

TaskAnal ysis requires a detailed understanding
by i dentifying user sd pthatusas nyust gedanh t® , det ai |l
accomplish their goals and optimizing these procedures (UX Matters, 2010).

The Hierarchical Task Analysis methodallows the comparison of different

approaches to supportitige same task by different useFurthermoreit is effective

for designers to wunderstand how a system works. Therefore, multiple
implementations of a design pattern can lag@tered (UX Matters, 2010)The

Hierarchical Task Analysisf the phasess givenin Figure 7-2. Here, targetusers

and five DM phases are examined. The parent tagkich is Task 1underrisk

assessment, s A Preparation of earthquake risk map
The subtasks are brokedownunder Task 1, because they are thesstequiredto

complete Task 1. Thesestba s ks are Task 1.1 APreparation

the plehce2o2. TaBDefining vulnerability of cit
ADefining soci al vul nerability of the placec
earthquake with = pasd@medslerbk. dcitbgstsi mat it dhre

when earthquakeith  par amet er s occur s -taskhmaydeteas pl aceo.
parents of susub tasks but they are not specified yet. Task 2 uisleavoidanceis

ACreating an urban -res&wdlHissataskadievjmy of a hi
Task 1 because in order to createarategy for a higkrisk place therisk assessment

of the place should bperformedand highrisk areas should be specified. Task 3
undermitigatoni s A Pr epar ati on of a ofoatdmapplf @aace omi r
Task 4 underisk transferi s fAPreparation of a strategy foc
pl acehol ders to Iipesmedness soO NPT aphkaes@miseiondeof a
pl an i f an earthquake occurasothe taskdthae pl aceo.
should be conducted after Task 1 as well. Although theatstgies of each phase

affect each other, in terms of paresttild task relationship, there is no significant

relationship between Tasks 2,8and 5.The users of eactaskdiffer. Therefore,

objects to be visualized differ according to each task. Each task has main objects and

attributes to be visualizefFigure 7-2 and 7-3). In addition, tasks have sutasks

considering the visualizations of sabiributes. For example, for Task ®hich is
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ACreating an ur ban nmieslk widcitysldeotsaneeelegilyo of a
be visualized are Building, Transportation, Lifelines, Terrain and Land Use. The

main attributes that should be visualized aigk (main attribute of Taskfisk
assessmentlamageestimation lossestimation andvulnerabilities(sub-attributes of

Tasklfisk assessmeht The sukattributes to be visualized are d&nomic,
Educational, Social, Ownership and Neighborhood Profiles, Transportation and
Lifelines Types. These attributes can be planned to be used unddasig For

i nstance, AAnal ysis of soci al angdhe e c on o
renewal of high risk areatolois k ar e a 0 -mskrSubasksaraspexifiet

by the users from each phase and confirmed by them before the prepaodti
visualizations. This analysisan be expandable and even -sub tasks can be

detailed.
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Risk Avoidance

Task 2: Creating an urban renewal strategy
of a high-risk place

Main Attributes: Risk, Damage Estimaton,
Loss Estimation

Sub-Attributes:

Economic, educational, social, ownership,
neighborhood profiles, transportation types
lifelines types

Mitigation
Task 3: Preparation of a roadmap for
minimizing loss of the place

Main Attributes: Risk, Damage Estimation,
Loss Estimation, Vulnerabilities

Sub-Attributes:

Building/ Land Use:

Demographic, social, educational and
economic profile

Task 1: Preparation of earthquake risk map of a
specific place

/ object

Sub-Attributes: Earthquake Hazard Potential,
Vulnerabilitis Damage & Loss Estimations

Main Objects: Building, Land Use

Main Attributes: Risk, Damage Estimation
Loss Estimation, Physical Vulnerability

Sub-Attributes:

(building) Number of floors, year of
construction, number of occupants, material,
type, surface area of apartment

---portfolio (insurance)

Preparetness

Task 5: Preparation of a response plan if
an earthquake occurs in the place

Main Attributes: Risk, Damage Estimation,
Loss Estimation

Sub-Attributes:

Building occupants’ profile, slope, ground
properties, vacancy of land, type of
transportation, building and lifelines,
availability, accessibility

Phase/ Step

Main Task

Main Object(s)
to be visualized
Main Attribute(s)
to be visualized

Sub Attribute(s)
to be visualized

—— (Sub Tasks will

be planned
involving them)

. Risk Assessment

. Risk Avoidance
. Mitigation

Risk Transfer

. Preparedness

Figure 7-2: Hierarchical Task Analysis fdPreDisaster Phases
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Figure 7-3: Hierarchical Task Analysis for Risk Assessment Phase
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7.3 Visualization Context of the Case Study

A case study islesignedoy consideringa scenario fromisk assessmenthase.The
reason for this choice is thatarding tothe Hierarchical Task Analysistisk
assessmenphaseis the fundamental phase that all othme-disasterphasesare
connectedto. Therefore, it can beonsideredas the starting point ofDM where
different types of users interastth risk assessmenfccording to the case studhe
risk assessmertf the buildingsis assumed to beisualizedby scoring the building
according tahe criteriaof accessibility during disastdahe structuredeatures of the
building, andthe number of residents. Thigep, which is called prioritizationis a
part ofrisk assessmenFake scoreare conducted for each building and each sisore

turned toordinal data which depictiw, mediumandhighrisk.
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CHAPTER 8

CREATI ON OF THE VISUALIZATIONS ACCORDING TO THE VISUAL
TAXONOMY (STEP 3)

This chaters starts witithe definition ofthe Visual Txonomy proposed ithe

thesis This taxonomy is created for designers to help them systematically create and
define their visualizations. This taxonomyrnc be used not only for Disaster
Management (DM), but also for the disciplines which include decision making
process and visualization generation for the decision makers. In this chhpter, t
proposeddimensions of the taxononmgre describedAny attributeto be visualized

can be defined on thesimensions. These are informed in the first part. The
definition of 2D visual variablesn 3D environments also explained in this paith

the second parthe case study for visualization @escribed. In the last part, the
visualization platform and visual variables created on the city object building used

areexplained

8.1 The Visual Taxonomy

Three dimasionsareconsideredor establishing the Visual Taxonon(yigure8-1).
These areMeasurement Scald_g¢vel of Measuremennominal, ordinal, interval/
ratio), Level of Detail LoDs specified by City GML standajdsnd Visual Variables
(size, color, texture etc...Jhe dimensions of the taxonomy are illustratedan

example(Figure8-2).

The frst dimension is the Measuremerta®. As it is discrete, it is defined as an
axe. This dimension defines the measurenseateof the attribute Threetypes of

measurerant scaleare defined which arenominal and ordinal data for categorical
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level andintervaltatio data for @ntinuous level (Figure8-1). Data which is
measurable anguantitative is categorized agerval/ratio. The distinction between
interval andratio is ignored and they are combined as one category. Irthibsss
study, the attributes that should be visualiaesicategorized according to these data
measuremenscales For instance, type of a building isr@minal data, where the
building can be a rapital, a school or a residence. On the other hiwedyumber of
floors is aninterval/ratio datalike 1 , 2 é 1 8 € e t «isk caA betexpessedlas
ordinal datg e.g.low risk, medium riskand high risk it can also be expressed as
interval/ ratio data. The measuremestde is directly related to visualization
because the measuremestdale gives clues for visualizing the city objects and

attributes in the virtual model.

Measurement
Scale

Interval/ . .
Ratio Visual Variable

Ordinal Visual Variable
RN
X2
Pl
O
& |
> |
K\
N |
Nominal Visual Variable
RN
<@
&
Q
o
>
K\
e
N

Figure 8-1: The Dimensions of the Visual Taxonomy
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Measurement
Scale

Interval/

Visual Variable Attribute: Total Risk - Object: Building

o
3 ..
&£

oy 77T ]
o1/ A/ S o
YA, 7 4
D2/ / /i// v A // "\"i';‘ .
QQQ'
&

) ¢ &
Nominal E & X

Lobo/ /S
LoD 1

VAV // 7
Lof%/ S p/ SS

Figure 8-2: The Dimensions of #Visual Taxonomy with anxample

The secod dimension isthe Level of Detail (LoD) which defines the geometric
detail of the city object that is going to be modeled. It is therefore directly related to
visualization. The abstraction which is converted into visible representations is called
LoD ( Ke me - , LoR @dh Idjrectly be related to theesolution, hence the
identification of city obj eTha Gity GML 3D
introducesLoDs for many objects. The one developed foildings can be seen in
Figure8-3. Also, there is d.oD definition ofthe City GML which coves the winle

city model (FigureB-3). This taxonomy defines the attribute that is expressible with
the City GML definitions. The LoD of eachcity objectcan be defined according to

the City GML standardq Gr ° g e r2012).tTherafore, theelection affects the
visualization of the city objestand the attribute. This dimension is not discrete as

different Level of Details can be added.
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Building

+ LOD 0 - Regional model

— 25D Digital Terrain Model
+ LOD 1 - City / Site model

— "block model" wio roof structures
+ LOD 2 - City / Site model

— textured, differenciated roof structures h
+ LOD 3 - City / Site model -

- detailed architecture model
+ LOD 4 - Interior model
— "walkable" architecture models

Figure 8-3: Building Model inLoD 0 - LoD 4 inthe City GML (Groeger et al.,
2012)

Building

BuiMling Interior

The third dimension itheVisual Variable. Thedimensionof variablesis continuous

anddefined on the plane. The visual vari abl e
variablesas well asother variables which are suitable for 3D visualizations. The

visual variables can be listed sige shape hue, saturation, orientation, texture,

lightness location, arrangement, focus resolution, spacing transparency and

perspective height (Halik, 2012) (Figure 8-4). Visualization for different
measuremergcaleswith different visual variables discussedy Morrison (1974),

Bertin (1983) and MacEachren (1995). Theseate syntactics which suggests
acceptable/unacceptahle  usable/possible/impossible  good/marginal/poo

visualizations in charts (Chapter 2).
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Visual Variable

Author

Biartn | 195T/83), Momizon (1974 ),
MacEachmn | 19695), Krask & Ommaling (2003,
Size  sryger & Wood {2005, Dect e al (2009), - -
Ehooun of al (2010), Tyrer 2010).
Biartn | 1857/83), Momison (1874 ),
Shﬂ MascEacimn | 1995), Fraak & Ownading (2003},
pe Eirygher & Wiood (2005), Dent et al (2009),
Ehooun of al (2010), Tymer 2010).
Biartn | 1857/83), Momison (1874 ),
Lightness/  yio-caciemn (1905 krasks Ommaiing oo, - -
Erygher & Wiood (2005), Dent ot al (2009),
value Shooumn of al (2010), Tymer 2010).
. in
(hue+saturation)
Bartin (1957 53), Mardson {1974), -
MacEachnen (1965), Kmak & Ormeding {2003,
ﬂriﬂm-ﬂﬂﬂ“ Dot o @l (2009, Shooum of al (3010},
Tomar 2010)
Biartn | 195T/83), Momizon (1974 ), - -
MacEacihm | 1965], Kmak & Ornaling (2003, <
Texture Erpgler & Wood (2005), Dent of al (Z003), m E ? U™
Timer | 2010} : -
Berin (1957/83), MacEadwen (1988, -
Fraak & Ormadng | 2003,
Location Frygior & Whod (2005), Dent ot al. (@2009), - -
Soown ot al. (2010), Ty @2010)
Sorisanan {197 4 |, MacEadhren |1 5585),
& Wbod (2005), Dere ot 2l (2009,
Bocwn of al. (3010}, Tar 2010}
Morrison | 1874), MadEacken | 1555),
im,nmﬂy Sioaun ot al. {2010}, Ty (2010)
Momson (1974}, MacEadwen (1995),
Arl‘ﬂl"lgllll"ﬂl'lt Dot mt il (2008), Sioowm et al (2010},
Tiymeaar (2010).
Focus/
-GI‘E!]H'IHS MaEachmn (1995).
TranSparency  Macachmn (1995 '
Spacing  Socum e s o) I |
=
Perspective  soum o poig) ﬁ ﬁ
Height g |FI

Figure 8-4: The Static Visual Variables (In Halik, 2012)

Although many authors study how to convey data effectively and efficiently with

visual variables in 2D environment, few studies focus on their extended structure
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with design mechanisms in 3D environmeritsfact, the perception of basic visual
variables in 2Denvironmentdiffers in many aspects when compared to their
perception in 3Denvironment In 3D environment, global mechanisms can be
created in a sceneherelighting, shading, shadowing, exposure, background and
environmental properties can be definddoreover change in viewporéffects the
perception. Perspective views enable depth of field. Theredgpeessions of visual
variables aretightly linked with global and viewing design mechanisms.
Furthermore as it can be seen in many 3D modellsajtware (Unity, 3Ds Max,
Rhinoceros, x3D)any object is visualized by changitige components of material
and texture/map properti@s 3D environmentA visualvariable can be defined &
more complex manner. For examptmlor is defined addiffuse color, emissive
color andspecular color. Texture can be visualized by UVW mapping properties
which are mathematical texture mapping technigder coadinate mapping ofan
object UVW Coordinates (2014).

Jobst et al(2008) explorenew potential methods for representing 3D city models

and discuss the incorporatiah designmechanisms of 3bvi t h  Btleeoryof n 6 s
graphics.They emphasiz¢he need for usabily evaluations for extended semiotic
structures for 3D applications in GIS. Thalgoemphasizahe conflicts that appear

when visual variables are presented with 3D design mechanlsivst. et al. (2008)

focuson five visual variableswhich areform (shape) size color, brightness and

pattern. According to themlighting influence color andbrightness The reaction

of an objectds s utmeftcanbimationof lighting cologwithann g and
o bj ect 6ksingahoutdiffarenempacts Whenlighting increasesthe object is
seenbrighter and color becomes more unsaturated. Shading influeramdsr as

brightness andsaturation arechanged. Shading influenctsxtures because of the

shaaws. Shadingalsoaffectsano b j efarm. & shading ishard, it is impossible to

di fferenti at e bfen amats shaddwe Atmbspherc tproperty
affectsthe brightness therefore itaffects thecolor that is perceivedThe depthof

field affects the perception of thesize of the object. Besideschanging these
parameters, change n obj ect 6s materi al, t eaffettur e, tran
the perception of five basic graphical \adnies(Jobstet al.,2008) In order to reduce
theseeffects, they propose a nerealistic rendering technigu&PR). Thisis a kind
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of cartoonlike visualizationwhich creates a controlled environment that directly

uses graphical variables and design mechanismwartography (Jobt al, 2008)

Fosse et al. (20)3estdifferent types of shading on 3D model objects which are
visualized in different colors. By using different light sources such as headlight,
directional light, point lightand spot light and withouta light source they present
shading variatns of themodel. They concludehat more research should be
conducted to better define color fachobject ando better controthe type oflight
source andthe location to depictthe thematic characteristics of geographic
phenomena. In another research projethe Institute of Cartography, ETH Zurich
design variables for 3D mapsuch as viewing distance, sky structure, lighting
direction, haze density, atmospheric affects and natural phenojreeoavaluated

by experts and 19 guidelines are listed (Hadtgrl2004a).Haeberling (2004b)
again studieslesign aspects and graphical variables specifically for 3D mountain
maps.The shapeof point and line objectgie aspect of object abstractione size

of point and line objectstl{e aspect of objectlimension), viewing inclinationtte
aspect of camera), zoom gradéise(aspect of camera), illumination azimutting
aspect of lighting), sky structurth@aspect of atmospheric effects) and haze gradient

(theaspect of atmgpheric effectsare evaluated

Apart from global mechanismsiewing mechanisms of 3D environmeaite also
discussedT he expressiorof perspective views depesidn camera properties for the
viewport. These parameters are field of view, camera distance, and view angle within

the sceney ( D°Il I ner and Buchl oz, 2005) . Acc
inclination angle of 45in average is preferable to lookt a 3D cartographic
landscape. Jobstnd D° | | ner ( \2eWiOg8a)jternatives ®rsconvegirgt e
information effectively in 3D virtual city visualization. According to thethe
modification of standard perspectives with the techniques of progressive and

degressive perspective reduces dead valndke informationnterface.

Although some authors study cartographic design issues in 3D environments, 3D
cartographic design principles are still in their preliminary stages. There is still not
enough knowledge about the wuser Pegrequir
2012). The 2D static variables should beedefined for 3Denvironment By
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examining threewell-known 3D CAD programs which are Autodesk 3Ds Max,
Rhinoceros and Unitythe adaptation of visual variables is defined fiois thesis As

it can be seem Table8-1, in 3D environmenthe shapeof the object can bpoint,
line, area or 3D element Size location and orientation are defined according to
thex, y, z coordinate systenThe resolution of objects in 3D environment can be
definedif the scene is rendered @a&D image whichis out of the scope of ihthesis
study Besides these, objects can be definedriayerial and texture which is the
main definition held by 3D CAprograms andhe City GML appearance model. If
the objects do not havieexture, they are defined bgmbient color, diffusive color,
emissive color specular color, smoothnesstransparency, shininess reflectivity,
refractivity and some post effects suchfasal blur, self-glow (self-illumination)
etc. Objects can haviexture. Simply they can have an image as textured and bump
image as textureadvhich makes the object more realistic. Thexture wrapping
propertiesof objectswhich can beloneby UVW mapping in moder@AD programs
define the pattern othe objectsor in other words how a 2D mapwsapped on a
3D object (Tables-6).
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Table 8-1: Adaptation Schema of Static Visual Variables for 3D Environment

2D Static Variables Adaption of Visual Variables

for 3D environment

* Color Value * Shape > Point, line, area, 3D element

* Color Hue * Size > Sizeinx,y, z

* Color Saturation * Location > Coordinates in x, y, z

* Shape * QOrientation >Rotation in x, y, z

* Size * Resolution > Resolution

* Texture

* Location Material Texture

* Focus (Crispness)

* Transparency * Color > Ambient Color Value, Hue, * Map- Image

* Resolution Saturation * Bump Map- Image

* Orientation Diffuse Color- Value, Hue, * Wrap mode / UVW
Saturation properties

Emissive Color Value, Hue,
Saturation
Specular Color Value, Hue,

Saturation

* Focus > Focal blur / Gaussian blur(post
effect)

* Transparency > Opacity

Additional Variables:
* Smooth/ Soften

* Reflectivity
* Refractivity
* Gloss Finish/ Shininess

* Glow / Self Glow/ lllumination(post effect)

During the visualizations of &attributes of the case styd®P design mechanisms

are considered (Tablg-2). These mechanisms are adapted visual variables, view
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properties, and global properties. View properties include camera properties and
projection properties. Global properties include lighting, shadows, bacidjrou
shading and atmospheric propertiesr this studyglobal propertiesare set fixed

The spotlighting with the intensity of 0.7 multiplier in 3Ds Max is used andsit
placed slightly from a head which is based ondh#&lelines given by Haeberling
(2004a) For the shadow typeray traced shadow with 0.1 densisyused. Alsp a
skylight is paced with the intensity of 0.4 multipliéen the environment. The render

of each image is done when active shade mode is uS&kiivax.

Table 8-2: Design Me&hanisms fothe 3D City Model

Adapted Visual Variables View Properties Global Properties

* Material properties * Camera properties (position, * Lighting (typeand

* Texture properties focal length, viewing direction) position)

* Projection properties * Shadows
(perspective) * Background
* Shading
* Atmospheric
Properties

8.2 The Case Study

Cumhuri ye di s tTurkeyxigd modeledaskhs dase istedyThe reason to
select this area is related with the availability of d@itee main attribute is thiotal

risk score of the buildingwhich is visualized asominaldata,aslow risk, medium
risk and high risk This risk score is gathered from a prioritization process where
criteria such as accessibility durirgydisaster,the structural vulnerability of the
building andthe socioeconomic vulnerability of the dwellings. The total scores are
obtained weighinghe scores of eachriterion Instead of using original scorefgke
tot al scor es ar esksceresdave thréeecatelyaraeshioth risk g s 6
medium riskandlow risk Thereforethe measuremergcalein the first dimension of
the Visual Taxonomy isordinal. The modelis prepared in three differehoDs,
which areLoD 0, LoD 1 andLoD 2 (Figure8-5).
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Figure 8-5: The City Model in "hreeDifferent Level of Detailsl(oDs)

8.3 The Visualization Platform

The \isualization platform which is used for the studis Autodesk 3Ds Maxas it
has basic 3D CAD modeling functions.In this platform, global and viewport
properties can be changed. Also, visual variables can beedda@D environment.

Post effects can be created to the materials which are textured or not.

The buildings are textured according to unwrap UVW mapping propérhole
faces of the building are flattened a2D map. UVW map is rendered as a template.
Thetemplateis imported to the Photoshop. Textures are prepatech aresuitable

for each face and singleimage containing alihe face texturesvhich are obtained
by using Photoshop. Then the image is imported tc 3ax. Theprepared map is
assigned to the buildin@rigure8-6).
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Figure 8-6: Wrapping Textures to the Buildings

As it is decided to visualizeisk as ordinal datain the visualizations of théesis
study, the syntactics according to Morrison (1974), Bertin (1988) MacEachren
(1995) forordinal datais analyzed againWith respect to these syntacticsdinal

data can be effectively visualized witize value, saturation, pattern/texture,

orientation, location, resolution, crispness and transparency. In this thesis
whether these variables can be effective ine8ironmentor not isinvestigated
Moreover it is alsoquestionedvhetherother visual variables that are thouglot to

be effective for 2D caractually be effective in 3Denvironmentor not. However
location and orientation, which directly affect the position propertigsare
disregarded. Alsoesolution, which cannoteasilybe created in 3Denvironmentis

not consideredlIn this thesis, it is suggested thtte variables hue and self-

illumination can be effective as welis for visualizing risk as ordinal dataand
addedo the list to be consided during tis thesisstudy(see Table-3 for thelist).

Another categorization of visual variablés studied by Bertin (1983). In this

categorization visual variablesare classified according to whether changes in a
given variable enable the performance of a particular task. This is ctiked

characteristiofBer t i nds | i st ThetletaNsiofghis @dtegovization aaeb | e s .
explained in Chapter 2. According to this approachkisual variable isorderedif
changes of this variable can be seen i@eredmanner (Bertin, 1983Position,
sizeandvalue (brightness) are ordered. Howevgeshape hue, orientation, texture

are not ordered (Carpendale, 2003).
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Thefocusin this thesigs onordinal data.Hue is not consideredo beeffective for

visual interpretation obrder. Similarly, texture is thoughtto be an ineffective
propertyto be ordered however it is found to be effective by Bertin (1983) and
Morrison (1974). From the given perspectives,dbinitions ofpattern andtexture
arenot consistent within HoWweversza satuatgm ap her ¢
andvalue (brightness)arethought to be effectivaccording toBertin (1983) and
Morrison (1974). Location is only defined as acceptable by Bertin (1983).
Resolution transparency and crispnessare found to be effective by MacEabren
(1995). The suggestions of these cartograpleees taken into consideration ftre
visualizations preparedh this thesis studyBefore each step of the validation
process, which visual variables are tested with the users and experts are given
(Chapter 8).
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CHAPTER 9

VALIDATION PROCESS (STEP 4)

T h e alidation Proces® is composed of literature review, pilot user tests, expert
evaluation and final user test&igure 9-1). As it can be seem Figure 9-1, two
eliminations occur between these steps. The details of eachrs®plained in this
chapter. The pilot tests ad expert evaluatiorwere conductedby visualization
experts. On the other hand, final user testseconductedy end users who are DM
decision makers.

LITERATURE REVIEW
on visual variables written by cartographers

Elimination of visual
variables according to the
literature review

PILOT USER TESTS EXPERT EVALUATION
with GIS visualization experts with GIS visualization experts
& designers designers

¢y
Eliminationof visual
variables according to the

results of pilot user tests
and expert evaluation

Y,

FINAL USER TESTS

with decision makers of DM

Figure 9-1: Flowchart of the Validation Process
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9.1 The PilotUser Tests

Before starting the pilot user testhe visual variables that could be effective for
visualizingrisk are decidedFor this decision, the theories from the literature related
to effective visualization foordinal data visualizatiorare considered (Figure 2.
According toMorrison (1974),Bertin (1983)and MacEachren (1995so0ome visual
variables are effectivehile some are not for visualizimydinal data. Their common
suggestionsare saturation, size and brightness (value) which are found to be
effectivefor visualization. According to all of therhue is not good for representing
ordinal data. Ma&achren(1995)addstransparency andcrispness (blur)for good

visualization ofordinal data.

After analyzing the suggestions of these cartograpliteissdecided to use variables
saturation, brightness, pattern, transparency, blur, size (not the size of a city
object but an abstract object relatedhe city object) andhue in the pilot user test
visualizations Although hue is not foundto be effective n the literature,it is
consideredo beeffective for Disaster Managente{®M) and hences included in
the list.

LITERATURE REVIEW

Elimination 1

Elimination 2

Figure 9-2: Pilot User Tests Highlighted in the Flowchart
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The visualizations are conducted for three buildings using these variables. All of the
visualizations used in the pilot user tests can be seen in Appendix D.

9.1.1The Procedure ofthe Pilot User Tests

Eachtesttakesaroundfive minutes.During the testlternative visualizations afsk

on threebuildings are presented to the participants. Each visualizaisopresented
for five seconds. The participangse asked to select the building which they think
has thehighest risk The mainaim hereis to collectthe reactions othe participants

in terms of response time and accuracy in a very short filme.testcomprises a
low level of cognitive processing. Thaecision mode is intuitive. The participant
makes a quick and unconscious response. Theysitatestswereheld in September
2014 with 30visualization expertdHalf of the test sessiorseconducted in Vienne
at Risk and Uncertainty VisualizatioWorkshop held in 23 September, 201%he

otherhalf of the sessions @nducted in Ankaran October 2014

The test procedurgvas designed in Open Sesame Behavioral Analysis Pragram
which is freevare (Figure 9-3). The image®f three buildings anfixation dot are
embedded into the software. In eathage risk visualizationis created using
different variablesSevenvariablesareused which arebrightness saturation, hue,
pattern, transparency, blur and the size of an abstract object (a pyramid). For
LoD 2 saturation, brightness and hue are given usingelfillumination , because
the buildings have textures in LoD ZT'hese variablesre used forvariousLoDs
whichareLoD 0 with acamera anglef 45°, LoD 1with anangleof 45°, LoD 2with
anangleof 45° and LoD2 with acamera anglé0” The angle 45is suggested in the
guidelines given by Haeberling (2004a) for 3D maps. The andlés @fven as an
alternative.Therefore, 28magesare shown to the participants (Appendix D). They
are asked topressthe numbeiof one of thethree building shown in the imag that
they think has thehighest risk
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Figure 9-3: Screenshot from the Software Open Sesame

9.1.2 The Analysis of the PilotUser Tests

As an output of the pilotisertests,response timend accuracyare collected The
results of the response time and accuracy of @achcipantare analyzed irthe
SPSSsoftware First, the variables used are compared according to the response time
for each LoD. The comparison thfe differexce incamera angle is natnalyzed The

same is performed for the accuracy resultge parametriooneway ANOVA testis

used to comparthe means of resp@e time for each variable uséar each LoD.

The ron-parametric tesbvf Kruskal Wallis is used to analyze if thereaisignificant
difference betweethe groups in terms of accuracy. The analysis is again performed

for each LoD.

The oneway ANOVA testis used to compare the results of the response dinige
pilot user tes However, according to the tests of normality (Kolmoge®owirnov)
the datds not normally distributed within groups; D (30) =0.190, p<0.0&bstract
object-size/ LoD 0 data, D (30) =0.100, P<0.05hme / LoD 1 data, D (30) =0.05,
p<0.05 inblur / LoD 2 datawhen outliers are eliminated andhe data distiution
fits to thenormal distribution for each LoD (Tab®1, Table9-2 and Tabled-3).
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Table 9-1: Test of Normality for LoD O

KolmogorowSmirnov ShapireWilk
Statistic [ df Sig. | Statistic | df Sig.
BrightnessLoDO .146 26| .161 .932 26 .088
SaturationLoDO .169 26| .055 .874 26 .004
HuelLoDO .140 26| .200 915 26 .034
TransparencyLoDO 144 26 175 923 26 .054
BlurLoDO .158 26| .092 .930 26 .079
AbstractObjectsizeLoD0 171 26| .049 .937 26 113
PatternLoDO .155 26] 111 .907 26 .022
*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
Table 9-2: Test of Normality for LoD 1
Kolmogorow+Smirnov ShapireWilk
Statistic| df Sig. | Statistic| df Sig.
BrightnessLoD1 .143 27 .163 .936( 27 .095
SaturationLoD1 .143 27 .165 .921( 27 .042
HuelLoD1 .165 27 .057 .916( 27 .031
TransparencyLoD1 .165 27 .057 .923| 27 .047
BlurLoD1 127 27| .200 .926( 27 .057
AbstractObjectSizeLoD1 .161 27 071 .921( 27 .041
PatternLoD1 121 27| .200 947 27 .185
*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
Table 9-3: Test of Normality for LoD 2
Kolmogorow+Smirnov ShapireWilk
Statistic| df Sig. | Statistic| df Sig.
BrightnessLoD2 132 26| .200 .918( 26 .039
SaturationLoD2 .099 26| .200 .957| 26 .332
HuelLoD2 124 26| .200 .940( 26 .136
TransparencyLoD2 122 26 .200 .945( 26 178
BlurLoD2 .154 26 112 .954( 26 .281
AbstractObjectSizeLoD2 .170 26 .051 .846| 26 .001

*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
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According to ANOVAtest results fol.oD 0 in the pilot user tesighe means a
significantly differentwith a 95% confidence level (Tabl@5). When the mean pl
and Tukey multiple comparisons are analyzeds seen thapattern is statisticall
significant withsaturation, blur andabstract object-size (Table9-6 and Figured-
4). The mean responsime isthe lowest whersaturation andabstract objectsize
are used. It ishehighest whermpattern is used.

Table 9-4: ANOVA Test Results for Response TimeoD 0 - Descriptives

95% Confidence

Interval for Mean

Std. Std. Lower | Upper
N Mean | Deviation| Error | Bound | Bound | Minimum | Maximum
BrightnessLoDO 26| 2413.27| 1351.449 265.041] 1867.41] 2959.13 533 5000
SaturationLoDO 26| 1937.65| 1304.629 255.859 1410.70| 2464.61 473 5000
HuelLoDO 26| 2523.81] 1360.079 266.734] 1974.46| 3073.16| 637 5000
TransparencyLoDO 26| 2612.42| 1284.471 251.905 2093.61] 3131.23] 824 5000
BlurLoDO 26| 2239.31] 1044.842 204.910 1817.29| 2661.33] 779 5000
AbstractObjectsizeLoD0] 26| 1913.31] 917.057| 179.850 1542.90| 2283.72 86 3655
PatternLoDO 26| 3308.65 1306.785 256.282 2780.83| 3836.48 724 5000
Total 182| 2421.20| 1291.841] 95.758| 2232.26| 2610.15 86 5000

Table 9-5: ANOVA Test Results for Response TimkeoD 0

Sum of Squares df Mean Square F Sig.
Between Groups 35349291.131 6 5891548.523 3.866 .001
Within Groups 266713210.34 175 1524075.484
Total 302062501.47 181
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Table 9-6: Post Hoc TestsMultiple Comparison$ LoD O

Mean 95% Confidence Interv
Difference (+ Std. Lower Upper
(I) Variable (J) Variable] J) Error Sig. Bound Bound
GamesHowell
BrightnessLoDC SaturationLoD( 475.615] 368.389 .853 -655.94 1607.17
HueLoDO -110.538] 376.023 1.000 -1265.48] 1044.41
TransparencyLoD -199.154] 365.654] .998 -1322.37| 924.06
BlurLoDO 173.962| 335.015 .998 -857.70 1205.63
AbsObjectsizeLoD( 499.962| 320.301 .707 -489.35 1489.27
PatternLoDO -895.385| 368.683 .209 -2027.83] 237.06
SaturationLoDC BrightnessLoD( -475.615] 368.389 .853 -1607.17] 655.94
HueLoDO -586.154] 369.609 .692 -1721.47| 549.17
TransparencyLoD -674.769] 359.054 .503 -1777.60) 428.06
BlurLoDO -301.654] 327.799 .967 -1310.45) 707.14
AbsObjectsizeLoD( 24.346| 312.745 1.000 -940.77 989.46
PatternLoDOQ}  -1371.000* 362.138 .007 -2483.29) -258.71
HuelLoDO BrightnessLoD( 110.538| 376.023 1.000 -1044.41] 1265.48
SaturationLoD( 586.154] 369.609 .692 -549.17 1721.47
TransparencyLoD -88.615| 366.883 1.000 -1215.63] 1038.40
BlurLoDO 284.500| 336.356 .979 -751.42 1320.42
AbsObjectsizeLoD( 610.500] 321.703 493 -383.31 1604.31
PatternLoD(Q -784.846] 369.901 .356 -1921.06) 351.37
TransparencyLoD( BrightnessLoD(Q 199.154] 365.654 .998 -924.06 1322.37
SaturationLoD( 674.769| 359.054 .503 -428.06 1777.60
HueLoDO 88.615| 366.883 1.000 -1038.40] 1215.63
BlurLoDO 373.115| 324.722 .909 -625.95 1372.18
AbsObjectsizeLoD( 699.115| 309.519 .286 -255.68 1653.91
PatternLoD(Q -696.231) 359.356 .466 -1799.99) 407.53
BlurLoDO BrightnessLoD( -173.962] 335.015 .998 -1205.63] 857.70
SaturationLoD( 301.654] 327.799 .967 -707.14 1310.45
HueLoDO -284.500] 336.356 979 -1320.42] 751.42
TransparencyLoD -373.115| 324.722 .909 -1372.18] 625.95
AbsObjectsizelLoD( 326.000| 272.643 .892 -511.99 1163.99
PatternLoDO}  -1069.346* 328.129 .032 -2079.18] -59.51
AbsObjectsizeLoD( BrightnessLoD( -499.962| 320.301] .707 -1489.27| 489.35
SaturationLoD(Q -24.346| 312.745 1.000 -989.46 940.77
HueLoDO -610.500] 321.703 493 -1604.31] 383.31
TransparencyLoD -699.115] 309.519 .286 -1653.91] 255.68
BlurLoDO -326.000] 272.643 .892 -1163.99) 511.99
PatternLoDOQ}  -1395.346* 313.091 .001 -2361.56) -429.13
PatternLoDO BrightnessLoD( 895.385| 368.683 .209 -237.06 2027.83
SaturationLoD( 1371.000* 362.138 .007 258.71] 2483.29
HueLoDO 784.846| 369.901 .356 -351.37 1921.06
TransparencyLoD 696.231] 359.356 466 -407.53 1799.99
BlurLoDO 1069.346* 328.129 .032 59.51 2079.18
AbsObijectsizeLoD( 1395.346* 313.091 .001 429.13 2361.56
Dunnett t (2sided b *. The mean difference is significant at the 0.05 level.
b. Dunnett ttests treat one group as a control, and compare all other groups against it.
SaturationLoDC BrightnessLoD( -475.615| 342.398 .546 -1363.19 411.96
HuelLoDO BrightnessLoD(Q 110.538] 342.398 .999 -777.04 998.11
TransparencyLoD( BrightnessLoD(Q 199.154] 342.398 .982 -688.42 1086.73
BlurLoDO BrightnessLoD( -173.962] 342.398 .991 -1061.54] 713.61
Abs.ObjSizeLoDC BrightnessLoD(Q -499.962| 342.398 495 -1387.54] 387.61
PatternLoDO BrightnessLoD(Q 895.385*| 342.398 .047 7.81 1782.96
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Figure 9-4: MeanResponse Time for each Variable for LoD 0

According tothe ANOVA testresultsfor LoD 1in the pilot user testshe means are
significantly differentwith 95% confidencgTable 9-8). When the mean plot and
Tukey multiple comparisons are analyz@dttern is statistically significant with
hue (p< 0.05) (Table9-9). As seen from the mean plot, the legt mean response
time happensvhen pattern is used; the lest mean response time happwien

hueis usedFigure9-5).
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Table 9-7: ANOVA TestResults for Response Timé&oD 1 - Descriptives

95% Confidence
Interval for Mean
Std. Std. Lower | Upper
N Mean | Deviation| Error Bound | Bound | Minimum | Maximum
BrightnessLoD1 27| 2529.22| 1204.709 231.846| 2052.66] 3005.79 868 5000
SaturationLoD1 27| 2213.41] 1255.169 241.557| 1716.88| 2709.94] 586 5000
HuelLoD1 27| 2020.48| 1044.504 201.016| 1607.29 2433.68 588 4108
TransparencyLoD1 27| 2260.44 1175.129 226.154| 1795.58 2725.31] 700 5000
BlurLoD1 27| 2644.56| 1248.11¢ 240.200| 2150.82] 3138.29 865 5000
AbstractObjectsizeLoD] 27| 2777.15 1361.382] 261.998 2238.60] 3315.69 698 5000
PatternLoD1 27| 3119.41] 1276.859 245.731| 2614.30] 3624.51] 921 5000
Total 189| 2509.24] 1256.944 91.430| 2328.88 2689.60 586 5000
Table 9-8: ANOVA Test Results for Response TimkeoD 1
Sum of Squares df Mean Square F Sig.
Between Groups 22979421.10] 6 3829903.511 2.544 .022
Within Groups 274045369.18] 182 1505743.781
Total 297024790.284( 188
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Figure 9-5: MeanResponse Time farach Variable for LoD 1
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Table 9-9: Post Hoc TestsMultiple Comparison$ LoD 1

95% Confidency
Mean Interval
Difference Std. Lower Upper
() variable (J) variablg (1-J) Error| Sig. Bound Bound
BrightnessLoD1 SaturationLoD] 315.815 333.971 .964 -679.96] 1311.59
HuelLoD1 508.741| 333.971 .731| -487.03] 1504.51
TransparencyLoD 268.778| 333.971] .984 -726.99] 1264.55
BlurLoD1 -115.333| 333.971] 1.000| -1111.10Q 880.44
AbstractObjectsizeLoD] -247.926| 333.971 .990| -1243.70 747.85
PatternLoD]] -590.185 333.971f .572| -1585.96 405.59]
SaturationLoD1 BrightnessLoD] -315.815( 333.971] .964| -1311.59 679.96
HuelLoD1 192.926| 333.971 .997 -802.85( 1188.70
TransparencylLoD -47.037|] 333.971 1.000| -1042.81 948.73
BlurLoD1 -431.148( 333.971] .855| -1426.92 564.62
AbstractObjectsizeLoD] -563.741] 333.971 .625| -1559.51 432.03|
PatternLoD1]  -906.000] 333.971 .101] -1901.77 89.77|
HuelLoD1 BrightnessLoD]] -508.741f 333.971] .731| -1504.51 487.03]
SaturationLoD]} -192.926 333.971 .997| -1188.70 802.85
TransparencyLoD] -239.963 333.971f .991| -1235.73 755.81
BlurLoD1 -624.074( 333.971] .504| -1619.85 371.70
AbstractObjectsizeLoD] -756.667| 333.971 .267| -1752.44 239.10
PatternLoD]] -1098.926* 333.971f .020{ -2094.70] -103.15
TransparencyLoD: BrightnessLoD]] -268.778 333.971] .984| -1264.55 726.99]
SaturationLoD]| 47.037] 333.971 1.000[ -948.73] 1042.81
HuelLoD1 239.963 333.971 .991| -755.81] 1235.73
BlurLoD1 -384.111f 333.971] .911| -1379.88 611.66
AbstractObjectsizeLoD] -516.704| 333.971] .716( -1512.47 479.07
PatternLoD]] -858.963 333.971 .141| -1854.73 136.81
BlurLoD1 BrightnessLoD] 115.333] 333.971 1.000] -880.44 1111.10Q
SaturationLoD1| 431.148 333.971 .855 -564.62| 1426.92
HuelLoD1 624.074] 333.971 .504| -371.70] 1619.85
TransparencyLoD 384.111) 333.971 .911 -611.66) 1379.88
AbstractObjectsizeLoD] -132.593 333.971f 1.000| -1128.36) 863.18]
PatternLoDl]  -474.852] 333.971 .789| -1470.62 520.92
AbstractObjectsizeLoD. BrightnessLoD1| 247.926] 333.971 .990 -747.85 1243.70
SaturationLoD] 563.741| 333.971 .625| -432.03] 1559.51
HuelLoD1 756.667| 333.971 .267 -239.10| 1752.44
TransparencyLoD 516.704] 333.971 .716| -479.07] 1512.47
BlurLoD1 132.593] 333.971) 1.000| -863.18| 1128.36
PatternLoD1]  -342.259| 333.971] .948| -1338.03 653.51
PatternLoD1 BrightnessLoD] 590.185 333.971 .572 -405.59] 1585.96
SaturationLoD] 906.000f 333.971 .101 -89.77( 1901.77
HuelLoD1] 1098.926* 333.971 .020 103.15( 2094.70)
TransparencyLoD 858.963) 333.971 .141 -136.81] 1854.73
BlurLoD1 474.852) 333.971 .789 -520.92 1470.62
AbstractObjectsizeLoD 342.259| 333.971f .948| -653.51] 1338.03
*. The mean difference is significant at the 0.05 level.

According to ANOVAtestresultsfor LoD 2 in the pilot user testghe means are
significantly differentwith a 95% confidence levdllable9-11). When the mean plot

and Tukey multiple comparisons are analyzéds seen thathere is no significant
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relationship between the variabl@igure9-6 and Tabled-12). Thelowestresponse
timesoccurwhensaturation andblur are usedwhereaghe highestresponsdime

occurswhenabstract objectsizeis used.

Table 9-10: ANOVA Test Results for Response TimeoD 21 Descriptives

95% Confidence

Interval for Mean

Std. Std. Lower | Upper
N Mean | Deviation| Error | Bound | Bound [ Minimum | Maximum
BrightnessLoD2 26| 2952.50] 1257.164] 246.550 2444.72| 3460.28 1181 5000
SaturationLoD2 26| 2408.12] 1169.867 229.430 1935.60| 2880.63 714 5001
HuelLoD2 26| 2508.69 1235.49(0 242.300] 2009.67] 3007.72 770 4695
TransparencyLoD2 26| 2737.62 1332.920 261.407| 2199.24{ 3275.99 796 5000
BlurLoD2 26| 2391.19 710.983 139.435 2104.02] 2678.36 944 3725
Abst.ObjectSizeLoD2 26| 3119.88 1607.784] 315.312 2470.49 3769.28 976 5000
PatternLoD2 26| 2818.88 1189.617 233.303 2338.39 3299.38 1081 5000
Total 182| 2705.27] 1246.503 92.397| 2522.96] 2887.58 714 5001

Table 9-11: ANOVA Test Results for Response TimkoD 2

Sum of Squares df Mean Square F Sig.
Between Groups 12286843.611 6 2047807.264 1.332 .245
Within Groups 268945430.19 175 1536831.03(
Total 281232273.80 181
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Figure 9-6: MeanResponse Time for each Variable for LoD 2
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Table 9-12: Post Hoc TestsMultiple Comparison$ LoD 2

95% Confidence

Mean Interval

Difference | Std. Lower Upper

() variable (J) variable (1-J) Error Sig. Bound Bound
Tukey HSD BrightnessLod2 SaturationLod2 544.385| 343.828] .693 -481.24] 1570.01
Huelod2 443.808| 343.828| .855 -581.81|  1469.43
TransparencylLod?2 214.885| 343.828] .996 -810.74] 1240.51
BlurLod2 561.308| 343.828] .661 -464.31| 1586.93
Abs.ObjectSizeLod] -167.385| 343.828] .999| -1193.01] 858.24
PatternLod2 133.615| 343.828] 1.000 -892.01] 1159.24
SaturationLod2 BrightnessLod?2 -544.385| 343.828| .693| -1570.01 481.24
Huelod2 -100.577) 343.828| 1.000] -1126.20 925.05
TransparencyLod?2 -329.500| 343.828] .962| -1355.12 696.12
BlurLod2 16.923| 343.828| 1.000| -1008.70] 1042.55
Abs.ObjectSizeLod] -711.769| 343.828] .375| -1737.39 313.85
PatternLod?2 -410.769| 343.828] .895| -1436.39 614.85
Huelod2 BrightnessLod2 -443.808| 343.828] .855| -1469.43 581.81
SaturationLod2 100.577| 343.828| 1.000 -925.05| 1126.20
TransparencylLod2 -228.923| 343.828] .994| -1254.55 796.70
BlurLod2 117.500f 343.828] 1.000 -908.12| 1143.12
Abs.ObjectSizeLod] -611.192| 343.828] .565| -1636.81] 414 .43
PatternLod?2 -310.192] 343.828] .972| -1335.81 715.43
TransparencylLod?2 BrightnessLod?2 -214.885| 343.828] .996| -1240.5] 810.74
SaturationLod2 329.500| 343.828] .962 -696.12| 1355.12
HuelLod2 228.923| 343.828] .994 -796.70] 1254.55
BlurLod2 346.423| 343.828] .952 -679.20] 1372.05
Abs.ObjectSizeLod] -382.269| 343.828] .924| -1407.89 643.35
PatternLod?2 -81.269| 343.828| 1.000] -1106.89 944.35
BlurLod2 BrightnessLod2 -561.308] 343.828] .661| -1586.93 464.31
SaturationLod2 -16.923| 343.828| 1.000| -1042.55 1008.70
HuelLod2 -117.500] 343.828] 1.000 -1143.12 908.12
TransparencylLod2 -346.423| 343.828] .952| -1372.05 679.20
Abs.ObjectSizeLod] -728.692| 343.828] .346| -1754.31] 296.93
PatternLod?2 -427.692] 343.828] .876| -1453.31 597.93
AbstractObjectSizelLod: BrightnessLod2 167.385[ 343.828] .999 -858.24] 1193.01
SaturationLod?2 711.769| 343.828] .375 -313.85| 1737.39
HuelLod2 611.192| 343.828] .565 -414.43]  1636.81
TransparencylLod2 382.269| 343.828] .924 -643.35| 1407.89
BlurLod2 728.692| 343.828] .346 -296.93| 1754.31
PatternLod?2 301.000| 343.828] .976 -724.62| 1326.62
PatternLod2 BrightnessLod?2 -133.615| 343.828| 1.000| -1159.24 892.01
SaturationLod2 410.769| 343.828| .895 -614.85| 1436.39
HuelLod2 310.192| 343.828] .972 -715.43]  1335.81
TransparencylLod2 81.269| 343.828] 1.000 -944.35|  1106.89
BlurLod2 427.692| 343.828| .876 -597.93| 1453.31
Abs.ObjectSizeLod] -301.000| 343.828] .976| -1326.62 724.62
Dunnett t (2 BrightnessLod2 PatternLod2 133.615| 343.828] .998 -757.67] 1024.90
sided} SaturationLod2 PatternLod2 -410.769| 343.828] .689| -1302.05|  480.51
Huelod?2 PatternLod?2 -310.192] 343.828] .877| -1201.48 581.09
TransparencylLod?2 PatternLod2 -81.269| 343.828] 1.000 -972.55 810.01
BlurLod2 PatternLod2 -427.692) 343.828| .653] -1318.98 463.59
AbstractObjectSizelLod: PatternLod?2 301.000] 343.828] .890 -590.28] 1192.28
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In the pilot user testscauracy resultareconsidered according to tlgeound truths
proposedor the highest riskfor each variable that depends on the literature on the

expert evaluation. Here is the list:

Abstract Object Size LoD 0,1,2hebiggest
Brightness LoD 0,1,2themost bright

Pattern LoD 0,1,2themost repeated pattern
Hue LoD 0,1,2 : red

Saturation LoD 0,1,2themost saturated
Transparency LoD 0,1,2heleast transparent
Blur LoD 0,1,2 :theleast blurred

=4 =2 =4 4 -4 45 -2

According tothe KruskalWallis Test resultgor LoD 0 in the pilot user testghe
means are not significantly differemtith a 95% confidence leve(Table 9-15).
When the accuracy results are turned ithi®mean accuracy percentages for each
variable and seen from thmar gram, the percentages are not so different from each
other. However, it should be stated that accuracy is accorditige ground truths
proposedfor each variable Especially fortransparency and blur (focus), some
participants havelecided thehighes risk just the contrary tdhe ground truths for
them(Figure9-7).

Table 9-13: Analysis of Accuracy for LoD © Descriptives

N Mean| Std. Deviationl Minimum| Maximum
accuracy 210 .59 494 0 1
variable 210 4.00 2.005 1 7

Table 9-14: KruskalWallis Testi Ranksfor LoD 0

[ variable N Mean Rank

accuracy BrightnessLoDO 30 114.00
SaturationLoDO 30 114.00
HuelLoDO 30 107.00
TransparencyLoDO 30 103.50
BlurLoDO 30 93.00
AbstractObjectSizeLoDO 30 114.00
PatternLoDO 30 93.00
Total 210
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Table 9-15: KruskalWallis Testi Chi Squardor LoD O

Accuracy
Chi-Square 5.976
df 6
Asymp. Sig. .038
a. Kruskal Walllis Test

b. Grouping Variable: variabl
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Figure 9-7: Accuracy Percentages for LoD 0 Variables

According tothe KruskatWallis Testresults forLoD 1 in the pilot user testighe

means are significantly differewith a95% confidence levdllable9-18). When the
accuracy results are turned iritee mean accuracy percentages for each variable and
seen from the bar gram, the percentages are different from each other. Accuracy is
higher whenrsaturation, hue, transparency andabstract objectsizeare used. It is
lowerwhenbrightness, blur (focus) andpattern are usedKigure9-8).
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Table 9-16: Analysis of Accuracy for LoD 1 Descriptives

N Mean Std. Deviation | Minimum Maximum
accuracy 210 .53 .500 0 1
variable 210 4.00 2.005 1 7
Table 9-17: KruskalWallis Testi Ranks for LoD1
variable N Mean Rank
accuracy BrightnessLoD1 30 81.50
SaturationLoD1 30 120.00
HuelLoD1 30 134.00
TransparencyLoD1 30 123.50
Focus/BlurLoD1 30 78.00
AbstractObjectSizeLoD1 30 127.00
PatternLoD1 30 74.50
Total 210

Table 9-18: KruskalWallis Testi Chi Square for LoDL

Acc

uracy

Chi-Square
df

Asymp. Sig.

44.581

.000

a. Kruskal Wallis Test

b. Grouping Variable:

variabl
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Figure 9-8: Accuracy Percentages for LoD 1 Variables

According tothe KruskatWallis Test result$or LoD 2 in the pilot user testghe

means are significantly differentith a 95% confidence level (Tab&21). When the
accuracy results are turned iritee mean accuracy percentages for each variable and
seen from the bar gram, the percentages are different from each other. Accuracy is
higher whensaturation, hue, abstract objectsize are used. It is low when
brightness blur (focus), transparency and pattern are used. When compared to

LoD 1, the percentage values are higliégire9-9).

Table 9-19: Analysis of Accuracy for LoD 2 Descriptives

N Mean Std. Deviation Minimum Maximum
accuracy 210 .55 499 0 1
variable 210 4.00 2.005 1 7
Table 9-20: KruskalWallis Testi Ranks for LoD 2
variable N Mean Rank
accuracy BrightnessLoD2 30 86.50
SaturationLoD2 30 121.50
HuelLoD2 30 125.00
TransparencyLoD2 30 100.50
BlurLoD2 30 100.50
AbstractObjectSizeLoD2 30 111.00
PatternLoD2 30 93.50
Total 210

86



Table 9-21: KruskalWallis Testi Chi Square for Lo2

Accuracy
Chi-Square 13.353
df 6
Asymp. Sig. .038
a. Kruskal Wallis Test

b. Grouping Variable: variabl
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Figure 9-9: Accuracy Percentages for LoD 2 Variables

9.2 The Expert Evaluation

After the pilot user tests, tHexpert Evaluatiorwasconducted byive visualization
experts in a workshoffFigure 910). The date of theworkshopperformancevas29
November 2014. The expertise profile of the participants can be seen in ¥&de
The workshopis planned to takeapproximately three hours. The workshap
recorded and all of the partieiptsare asked to sigra consent fornto imply their

voluntariness At the beginninga brief explanation abouthe thesis topic and what
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hasbeen done up tthat timeis presented. Afterwas, the participants are asked to

introducethemselves.

LITERATURE REVIEW

Elimination 1

Elimination 2

Figure 9-10: Expert Evaluation Highlighted in the Flowchart
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Table 9-22: Expertise Profiles

Participant Expertise Years of Type of
No Areas Expertise  Expertise
Participant 1  DisasteManagement 10 Academic
3D Visualization 10 Academic
GIS 14 Academic
Remote Sensing 10 Academic
Risk Analysis 15 Academic
Participant 2  GIS 17 Practice
SafetyCritical 5 Practice
Systems
Cognitive Systems 10 Academic
Situational Awareness 10 Academic
Participant 3  Ergonomics 12 Academic+ Practice
Usability 12 Academic+ Practice
Interface Design 12 Academic+ Practice
Participant 4 3D Visualization 10 Academic
Disaster Management 10 Academic
Remote Sensing 10 Academic
GIS 10 Academic
Participant 5 Geodesy and 5 Academic+ Practice
Geophysics
Cartography 11 Academic+ Practice
Photogrammetry 6 Academic+ Practice
Remote Sensing 6 Academic+ Practice

The first session is relatéd the evaluation of the alternatives. It takes approximately
70 minutes with the discussions. Alternatives are presented in different zooming
views. The screenshots of each visual alternative are prepared with different visual
variables and presented to thexperts in folders on their laptops. The experts are
asked to evaluate them according to seven sodleffectiveness. During the second
sessionthe experts are asked to create their own alternatives using Legos, drawing
pencils, papers, printouts ofslact objects. This session also takes about 70 minutes

with the discussions. Photographs from the workshop can be seen in Appendix E.

In order to define the visual variables of this study for visualizivegordinal risk
information of the buildings, these suggestions are consideredieshitsof pilot

user tests are analyzed and the same variables used in the pilot user tests are used but
additional combinations of the variables are created for expert evaluationfof@gere

eleven types of visual variables for the expert evaluation are defined for 3D
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environment. The list includeshue, saturation, value (brightness) self
illumination usage withhue, saturation and value, transparency (opacity)
pattern, pattern usage withtransparency and blur. Also, some variables are
visualized on théuildings and some on thabstract objectseferringto buildings.

The variablesizeis used on thabstract object as the dimensions of the buildings
should not be changeBoth the sizeandhue of the abstract objectare changed. In

one alternative onlyhe hue of the abstract objectis changed. For the studihe
abstract objectis selected to be pyramidin pilot usertests anda cylinderin user

tests and expert evaluation. Its shape can differ for further studies. All the variables
are offered for differentoDs. Table9-23 summarizes the selected visual variables,

their design propadsand Level of Detafto be used.

Table 9-23: List of the Visual Variables Considered in the Expert Evaluation

VISUALIZATION ON THE OBJECT BUILDING

Variable 3D Design Property Level of Details
HUE Using Diffuse Color property For LoD 0 and LoD 1
(see Example in Fig.-7) (changing only Hue, Saturation and

Value arefixed)

SATURATION Using Diffuse Color property For LoD 0 and LoD 1.
(changing only Saturation, Hue and
Value are fixed)

VALUE Using Diffuse Color property For LoD 0 and LoD 1.
(changing only Value, Hue and
Saturation are fixed)

SELFILLUMINATION+ Using Glow property For LoD 2

HUE/SATURATION/VALUE

TRANSPARENCY/ OPACITY Using Opacity property For all LoDs.

PATTERN Using UVW Mapping property For LoD 0 and LoD 1
changing the size of the texture

PATTERN + Using UVW Mapping property For all LoDs.

TRANSPARENCY Using the opacity property

BLUR Using Post Effect property For all LoDs.

VISUALIZATION ON ABSTRACT OBJ REFERRING TO THE OBJ BUILDING

Variable 3D Design Property Level of Details

SIZE Changing dimension of the abstract For all LoDs
object

SIZE + HUE Changing dimension of the abstract For all LoDs.

object and using Diffuse Color
property (changing only Hue,
Saturation and Value are fixed)

HUE Using Diffuse Color property For all LoDs.
(changing only Hue, Saturation and
Value are fked)
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9.2.1 The First Session: Evaluation of the Visual Alternatives

The visualizationghat use the list of variables (Tabl8-23) areprepared using 3®
Max. The Cumhuriye districof E s k i is enbdeled in three Level of Details. The
prepared render screenshots of the visualizahom$24 in numberAppendix Fcan

be seerfor all of the imagesThe screenshotare demonstratedn four different
folders for eachLoD. In the first folder, therare only three building renders and
each buildings labelled asow, mediumandhigh risk In the next three folders, there
are the whole city renders in three different zoom levels. Different foldees
prepared in order tshow theeffect of thevariables better rendered in different zoom

angles to the city.

The foldersareu pl oaded to each participameds | a|
asked to evaluate the visualizatiansvhich each differenvisual variableareused.

They are asked to evaluateach visualization according tcseven scales of
effectiveness. In this scalé corresponds$o extremely poqr2 to quite poor 3 to

slightly poor, 4 to marginal 5 to slightly good 6 to quite goodand 7 toextremely

good Their answers to each of the variables for three different Level of Details

presented can be seen in Tad4. The numbers aléstedin descending order.

It is found thatthe visualizations in LoD 0 are quite different frotmose inLoD 1

and LoD 2. The reason fdinis is thatin LoD O, the visualization of the city objects

are in 2D format (apart from Terrain). Therefore, according to them the perception of
risk differs in LoD 0. One participant statéhat many effective alternatg canbe
created using LoD 0 as it looks simple and 2D, however effective alternatives using
LoD 1 and LoD 2 anbe limited. Similarly, another participant adtiat LoD 1 and

LoD 2 hae extra one dimensigntherefore conveyim the information clearly
becomesnore difficult. They state tha@D elementsreused as in LoD andLoD 2,

so theras the risk of visibility of information.

Two participants timk that instead of using screenshatavigating in the
environmentanbe offered. One participantatesthat different levels or multimedia
propertiescanbe usedo showdifferent information if not onlyotal riskis aimed to

be shown.
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Table 9-24: Effectivenes®f the Visual Alternatives referring Visual Variables

Level of Detail O

Variable used P1 P2 P3 P4 P5 AVG
Hue 2 6 4 7 5 4 5,2
Hue 1 7 7 6 4 1 5

Transparency 4 5 7 4 5 5

Saturation 4 2 5 7 5 4.6
Abstract Object + Size 4 2 3 7 7 4.6
Pattern + Transparency 1 3 3 7 5 3,8
Brightness 3 1 1 7 6 3,6
Blur 3 2 2 2 7 3,2
Pattern + Size 2 1 2 7 4 3,2
Abstract Object + Hue + Size 5 2 4 2 2 3

Abstract Object + Hue 4 3 2 3 1 2,6

Level of Detail 1

Variable used P1 P2 P3 P4 P5 AVG
Hue 2 6 4 7 4 6 5,4
Transparency 4 6 6 6 5 5,4
Hue 1 7 7 6 3 1 4.8
Saturation 3 3 6 7 4 4.6
Pattern +Transparency 3 5 2 7 6 4,6
Brightness 2 2 5 5 6 4

Pattern + Size 3 2 2 7 5 3,8
Abstract Object + Size 3 2 2 4 7 3,6
Abstract Object + Hue 5 5 5 2 1 3,6
Abstract Object + Hue + Size 5 5 4 1 3 3,6
Blur 2 2 1 4 7 3,2

Level of Detail 2

Variable used P1 P2 P3 P4 P5 AVG
Selflllumination+ Hue 1 6 7 6 4 5 5,6
Selflllumination+ Hue 2 5 5 7 5 6 5,6
Transparency 1 4 6 7 7 5

Selflllumination + Saturation 1 2 4 6 6 3,8
Blur 1 3 1 3 7 3

Selflllumination + Brightness 1 2 1 5 5 2,8
Abstract Object Size 1 2 2 3 6 2,8
Abstract Object + Hue + Size 2 3 4 1 3 2,6
Abstract Object + Hue 1 4 3 2 1 2,2

It is found thatthe visualizations in LoD O are quite different frofimose inLoD 1
and LoD 2.The abstract object is found to be useful by some padipants. One
participant stateghat abstract objects can hide the information. The variables
transparency and blur are found to be effective by some participants. However,
high transparency or highblur conve)s the highest riskor otherwiseare confusing



for them. The variabl@attern is not clear. For them, the type of tipattern used
candiffer the perception.

Hue: For all the LoDs, hue 1, which is @mposed oblue yellow andred, hasthe
highest effectiveness scoreidiused withself-illumination in LoD 2. Hue 2, which
is composed ofireen yellowandred, is foundto bethe most effective one to show

ordinal riskinformationfor LoD 1 (Figure9-11).

MEDIUM Low HIGH

Figure 9-11: Hue 2- LoD 1 Visualizations

In this combination the temperature of tlemlors and its universal cycle are
considered. Imue 1, asblueis a cooler color thagreen it is used for showindpw
risk. Other colorsarethe samdor both hue typesOne participant whas from the

Defensdndustry statethat green can medaotally safeandzero risk.

Transparency: After hue, transparencyis foundto bethe secondeffectivevariable
(Figure 9-12) for all the LoDs. However, transparency is confusindpecausethe
building that has thieowestrisk is understood as the one thetsthe highest riskby
two participantsOne participant statdbat if the datas discretefransparency can
be more effective. Airee participantthink thattransparencycan bevery effective if

theyhave the chance tmavigate in the environment.

Low HIGH

MEDIUM

R e T

Figure 9-12 Transparency LoD 2 Visualizations
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Saturation: After transparency, saturation is found to beeffective(Figure9-13). It
is found to beeffectivein all the LoDs. One participant statekat brightness and

saturation give the same impression in the sense that darkness impliegisiore
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Figure 9-13: Saturation LoD 0 Visualizations
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\

Self- lllumination: Selfillumination is used inLoD2. One participant statdbat
self-illumination with greenis betterrecognized Self-illumination is found tobe
the most effectivevariable forconveyng risk informationin LoD2. Especially its

usage withhueis foundto bevery effective (Figur®-14).

Figure 9-14: Self-lllumination-Hue 1- LoD 2 Visualizations

Pattern: It is found that he type of thepattern is important according to the
participantsOne participant statdbat pattern is similar to brightness sincewhen
its sizechangesit seemdike thebrightnesschangestoo. She adds that lookslike
a combination oflight and dark coloratherthan apattern. Shesuggestghat a
pattern with dots would ke better. One participant stateésat the pattern-
transparency is better than its combination witbattern-size.He states thaf the
sizeof the pattern is increased itanbe understoods therisk is increasedr vice
versa.He adds thatte one whichs more distincts the one that lethe smallest size

andthat ;e conveyshe highest riskbetter(Figure9-15).
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Figure 9-15: Pattern- LoD 0 Visualizations

Brightness: When the visualization dfoD 0 andLoD 1 areconsideredrightness
is effective. Participants statéhat it canbe more effective ithe colorred is used
instead ofblue The participants statinat self-illumination -brightness is not clear
in LoD 2. Oneparticipantstatesthat brightness seemdo beeffective buthe thinks
that low and high risk should be moreclearly expressed witHower and higler

brightnessvalues (Figur®-16).

Figure 9-16: Brightness LoD 1 Visualizations

Blur: Except one participanblur is foundto bedistracting. The participants state
thatblur should be welcoded because both the bunlg havinghigh blur andlow
blur canrefer tohigh risk One participant statakat high blur canmean thatthe

imageis not downloaded ydFigure9-17).

Figure 9-17: Blur - LoD 2 Visualizations
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Variables Used with Abstract Object: These variablesre found to be the least
effective (Figure9-18). The participants thk that it hinders the background
information. Abstract object with both size and hue can meanthat it conveyswo

types of information.

Figure 9-18: Abstract Object Hue- LoD 2 Visualizations

9.2.2 The Second Session: Suggestion of New Visual Alternatives

In the second session, the participaate asked to creatieir own design for
conveying ordinal risk information in different LoDs. This session takes
approximately 70 minutes. The participantsreate their designs using Legos,
drawing pencils, papers, print outwithout discussing with each othefhe

photographs of the participants during this session can be seen in Appendix E.

Participant one (P13nd Participant HP5) statehat thetotal risk informationcanbe
conveyed on the top of the buildings fooD 1 and LoD 2. They explainthat
different risk information can be given on different pat the building, such as on
its base anan its floas andthey addthat thetotal riskinformation carbe given on
the roof. They code them usindiue and saturation. Participant 3 (P3) and
Participant5 (P5) statethat figureground relationship shadilbe well analyzed. P3
expresseshat the variables should differ with different backgrounHe suggest
usingtransparency with red color. Participant4 (P4) suggesta 3D cartogram for
conveyingrisk. He also suggests 3D texture on the buildings to convesk in LoD

1 (Figure9-19).
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Figure 9-19: Designs of the &ticipants

9.3 Selection of the Visualizations for thé=inal User Tests

Texture is found to beconfusingby the pilot user test participants and the experts.
Therefore, it is eliminatedlur is foundto beineffectivefor LoD 1 and 2. Contour
usageis suggested during the expert evaluatioHgnce,it is added to the list.
Instead of using thabstract object-size abstract objecthue is foundto bemore
successful. On thether handit is found effective for onlyLoD 0. Therefore, it is
also shifted.Self-illumination -hue is considered effective fdroD 2 and added to
the list. Therefore, the final selected variabl® hue, selfillumination -hue,
transparency, saturation, brightness, catour, abstract object-hue, and blur.
Two background alternativemap view and satellite view are selecteébr the final
user testdecausenot only map view but a satellite viewcan also be used in the
background of thevisualizations which are mostly used in Disaster Management.

The whole process summaup tothefinal user testsan besee in Figure9-20.
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Figure 9-20: Selection of Visual Variablef®r Final User Tests
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9.4 The Final User Tests

The final user tests occur after the elimination of variables is performed according to
the pilot tests and expert evaluation results (Fige2&. I hefinal user testareheld

in the Test Lab of User Testing and Research (LABRLAB), which is located in

the Middle East Technical Unarsity. The numberof DM decision makergend
users)in the user testss 35. Each tess performedindividually and each session
takesapproximately 40 minutes. The usexse specialized in different phases of
Disaster Mangement or Disaster Visualization. During the testi® trackeis used

and the sessionare recorded using theoftware Morea Recorder The usersare
asked to sigm consent form before the tests.

LITERATURE REVIEW

Elimination 1

Elimination 2

Figure 9-21: Final User Tests Highlighted in the Flowchart

9.4.1 User Profile of the Final User Tests
The usersare mainly enginees. Mostly they are geological and geophysical
enginees. Apart from the engineers there are city and regional planners,

sociologist, an economist and a statistician (Figu2e).
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B Civil Engineer W Geological & Geophysical Engineer
B Map Engineer Sociologist
B City and Regional Planner B Economist

MW Statistician

Figure 9-22: Users according tBrofessions

30 usersare frompredisasterand five usersare frompostdisasterphases Nine

usersare formbothpre- and postisaster(Figure9-23).

Pre-Disaster Post-Disaster

21

Figure 9-23: Users according to Phases

The users arseparated intéwo groupsaccording tothe level of decision making;
executive level decision makers and DM specialists and researchers (2d)ce
Threeusers are executive level decision mak2@susers are DM specialists atdé

users are DM researchers. 15 users of the DM specialists and researchers deal with

visualizing their exploration and analysis.
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® Executive Level Decision Maker
= DM Specialist and Researcher

Figure 9-24: Users according tbevel of Decision Making

The wersare selectedo be from different range of foundations. Although most of
them (16 users) workat the governmental organizatioof the Prime Ministry
Disasterand Emergency Management Presidency (AFADereare academicians
who are expedin DisasterManagementrom the Middle East Technical University
(METU), and there are alseity and regional planners frorthe Ministry of
Environment and Urbanizatiohree ofwhom work at the General Command of
Mapping (National Mapping Agency/ HGKIrigure9-25).

AFAD METU National Mapping Ministry of
Agency Environment and
Urbanization

Figure 9-25: Users according to Foundations
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9.4.2 The Test Designof the Final User Tests

The final usertestsare performed on a Windows workstation on one PC running
Tobii Studio software for automatic stimuli display and eye movement recordings, a
microphone for voice recordings and Mor&ecorder 3.0software for screen
recordings. Eye movemenise recorded witha Tobii X120 eye tracker, at a 60Hz

sampling resolution.

The final usertestsare composed of two partand each partis designed in Open
Sesame but thegre imported to Tobii. Open Sesame is themesoftware thatis

used in the pilotisertests (Figuré®-26). It is abehavioral aalysisprogram which is
freewareand open source. A behavioral experiment can be built using the tools of the
program that supports a sequence sysi@m which a response collector, target
display, cue display, fixation displaand images can be embedded. Any output
needed by the researcher can be collecteithdlpgger item and logged to an excel

file. External devices can be incorporated such as eye trackers, joysticks, audio input

response boxes, parallel ports etc. (Sedast 2015)

At the beginning othe test sessiongarticipantsareasked to perform a demo test.
Themainreasorbehind thigs to make the participants get used to the keyboard keys
and mouse clicking while thearemaking their choiceTherefore, theontent of the
demo testiffers from thecontent of théests.An explanation document is provided

to the participants with detai&bout theest

In the first partof the final user testsl9 imagesare shownsee Appendix G). The
imagesof threesamebuildings and fixation doareembedded into the software and
shown to the participants evefive seconds(Figure 9-27). Eachimage has the
dimension of 640x480 pixels. In eadmage risk visualizationis created using
different variables.Eight types of variables are used which are brightness
saturation, hue, transparency, blur, contour, self-illumination -hue and abstract
object-hue. Brightness and saturation areused with bothblue andred. Theseare
the variables thatre selected according to the resultstiof pilot usertests andhe
expert evaluatiorfFigure 9-20). Participantsareasked to clickon the number of the
building that they timk has thehighestrisk according to theémage The participants
are askedto press the key immediately aftdrey make their decision. Theis no
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map legend given on theages.The design of the first of the final user teistgery
similar to the design of the pilot user tests. The difference is that three same
buildings are shen from one viewing angle which is 4t the first part of the final

user tests. This part of the test comprises a low level of cognitive processing. The

decision mode is intuitive. The participant makes a quick and unconscious response.
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Figure 9-26: Screenshot from Open Sesame Document

Figure 9-27: One of the Images Shown in the First Part of the Test
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In the second padf the final user tests38 images are used (see Appendix H).
this part the Cumhuriyedistrict is shown. Some of the buildys on that districts
visualized as havingigh risk some of thenmedium riskand some of therow risk
(Figure 9-28). Each visualization iprepared according to an abstract data, no real
calculations are considered for determining eask level. The sameeight visual
variables araused in the imagedHowever two different types of backgroundre
used which aresatelliteview andmapview. Thereforethe number of the imagées
twice thenumber of image the first part. Participantare asked to clickon any
building which they tk is from the highestrisk range Thereis no time limitin this
part therefore there isa slower thinking proces3his part of the test comprises a
high level of cognitive processing. The decision modeeitherate. The participant

makes a slow and conscious response.

Figure 9-28: One of the Images Shown in the Second Part of the Test

After these test sessignthe images used ithe secondpart are shown to the
participantswhich aregrouped together according @D and background image.
Their opinions about theisualizations are asked.his part takes more than 10

minutes and it is more like a discussion part. The questions asked in this part are:

1 Which variable do you think most fettively expresss ordinal risk
visualization for this Level of Detail?

1 What if therange of theordinal risk information ismore than three (such as

five or morg, would your decision be the same?
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1 Which background usage effectivefor expressing theotal risk information
of the buildings in Disaster Management?

1 Which Level of Detail ieffectivefor expressing theotal risk information of
the buildings in Disaster Management?

1 In which visualization théighestrisk is easily and quickly seen?

9.4.3 The Usage of Eye Tracker Technology

Eye tracker technologywhich is widely used in Human Computer Interaction
research and practice, i's used to measu
person is looking at any giventimeand he sequence which the
from one location to another (Po@edBall, 2006). The beginningof the usage of

eye tracker technologycan be dated back t@ hundred years agowhen
electraculographial techniquesstarted to be used whickelied on electrodes

mounted on the skin around the eye that measured the differences in electric

potential.

The modern eye tracker technologiase mostly video-based and use the center of

the pupil (Goldbergand Wichansky, 2003). These modern eye trackers usually
consist of a standard desktop computer with an infrared camera mounted on or next
to a monitor, with image processing software to locate and identify the features of the
eye movements (PooéndBall, 2006).

Main measurements that can bwade by eye trackersystemare fixations and
saccadesFrom these measuremengmze and scan path analysis camizale By

the new eye tracker technologies pupil size and blink rateatsmbe measured
(PooleandBall, 2006). Shorthafter definingthese terms, fixation occurs when the

eye is resting on something. The eyebds r
are called saccades. The retina blurs when the eye moves from one location to
another. Thereforauses areeffectively blind during a saccadle the testgNielsen
andPernice, 2010).

Nielsen and Pernice (2010) exemplitize fixationderived metrics with references
such as number aiverallfixations (GoldbergandKotval, 1999), fixation per area of

interest (Poole et al., 2004), fixation per area of interest and adjusted for text length
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(Poole et al., 2004), fixation duration (Jumtd Carpenter, 1976), fixation cycle
(gaze) (MelleThomas et al., 2004nd Hauland, 2003), fixation spatial density
(Cowen et al., 2002), post target fixations (GoldkandKotval, 1999), time to first
fixation on target (Byrne et al., 199%e percentage of participants fixating an area
of interest (Albert, 2002) and darget fixatons (GoldbergandKotval, 1999). They

also exemplifysaccadealerived metrics with references such as number of saccades
(GoldbergandKotval, 1999), saccade amplitude (Goldberg et al., 2002), regressive
saccades (Sibert et al., 2000) and saccades revealmged directional shifts
(Cowen et al., 2002).

Gaze is an eye tracking metric which is usually the sum of all fixation durations
within a prescribed area. Scan path is a complete sequence of fixations ad
interconnecting saccades. Blink rate and pupi sian be measured especially for
cognitive workload, stress or detect emotion. Data output can be mainly visualized
by creating heat maps and gaze plots. Heat maps are the best known visualization
methods where the amount of look is coded with color.alreglos, series of dots
indicating one fixation are visualized in which the sizes of the dots are defined

according to the length of the look.

In catographic researgleye trackeusagewaspopular until the 1980s but aftdrat
decade the interest seedto be disappeared (Steinke, 1987; Brodersen et al., 2002;
Fabrikant et al., 2008). This might be becausthefinancial cost of the eye tracker
technology andreduced costeffectivenessin terms of the set up and analysis
(Coltekin, Garlandini, HeiandFabrikant, 2009).

In thethesisstudy, the reason to useeye tracker is that the heat maps and number

of fixations give clues about how easyis for the decision maketio makethe final
decision drring the tests. Alsoin this thesiseye trackemheat maps are compared
with saliency mapsSaliency mapswvhich are producethroughtheltti-Koch mode]

refer tobottomup cognitive process. This model is a computational model of focal
visual attentiorwhich emphasizes thbottomup cognitive process anthe image

based control of attentional deployment. However, eye tracker heat maps produced
for the images of the second part of fireal user tests mainly refer tmp-down
cogni tive pr oc e secisiammakihgprecespearedfectedibptheirt s 6
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previous experience and background. Their decision procassast only driven by
a simple representationof data, image orstimuli. Therefore, they cannot be
considered onlpasbottomup. To decidethe effective visual variable anaD, both
bottomup and top-down cognitive processeshould beconsidered. Thereforehe
best visualization alternative should show theuildings which are coded in the
highest riskrange to besalient in the saliency maps aadthe most focused by the

participantdn the eye tracker heat maps. The details are explained in s@e&ibn

9.4.4 The Analysis of theFinal User Tests

The response time andhe accuracy to thevisual variables the number of
clicks/choicedor each variable by the paipants,thefixation durations and counts
to the images,the discussion part of the test, eyracker heat maps and their

comparisorwith saliency mapare analyzed.

First of all, the response time and accuracy data collectedfrom Open Sesame
Excel logs The results of the response time and accuracy of each answer are
analyzed inthe SPSS. First the variables used are compared according to the
response time for eadhoD. The same iperformedfor the accuracy result3he
parametriooneway ANOVA ted is used to comparde means of response time for
each variable used. The analysipésformedfor eachLoD. The ron-parametric test

of Kruskal Wallisis used to analyze if there #ssignificant difference betweethe

groups in terms of accuracy. The analysiagainperformedfor eachLoD.

Oneway ANOVA test requires the test of normality (Kolmogoi®mirnov). The
data of LoD 0 is not normally distributed within groups; D (35) =0.153, p<0.05 in
contour/ LoD 0 dataTherefore, outliers are eliminated and data distribution becomes
normal for each LoD (Tabl@-25). The data of LoD 1 and LoD 2 are normally
distributed (Tabl®-26 ando-27).
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Table 9-25: Test of Normality for LoD O

|KolmogorovSmirnova ShapireWilk
Statistic df Sig. Statistic df Sig.
IAbstractObjectHuleoDO .098 32 .200* .962 32 .318
BrightnessReldoDO0 .099 32 .200* .979 32 774
BrightnessBlueoDO .098 32 .200* .965 32 .382
Contout.oDO .155 32 .050 .922 32 .023
|HueLoDO 115 32 .200* .940 32 .074
SaturationReddoD0O 122 32 .200* .960 32 .283
SaturationBlukoDO .095 32 .200* .962 32 315
TransparendyoDO .096 32 .200* .983 32 .888
*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
Table 9-26: Test of Normality for LoDL
|KolmogorovSmirnova ShapireWilk
Statistic df Sig. Statistic df Sig.
BrightnessReddoD1 112 35 .200* .953 35 .138
BrightnessBlukeoD1 115 35 .200* .949 35 .108
Contout.oD1 110 35 .200* .965 35 .332
JHueLoD1 .106 35 .200* 951 35 119
SaturationReddoD1 .103 35 .200* .954 35 149
SaturationBlueoD1 .078 35 .200* .968 35 .392
TransparendyoD1 .108 35 .200* 972 35 .505
*. This is a lower bound of the true significanee Lilliefors Significance Correction
Table 9-27: Test of Normality for LoD 2
|KolmogorovSmirnova ShapireWilk
Statistic df Sig. Statistic df Sig.
IBlurLoD2 .069 35 .200* .970 35 440
Contout.oD2 .079 35 .200* 976 35 .613
SelfllluLoD2 139 35 .086 .956 35 179
TransparendyoD2 .143 35 .068 .905 35 .005
[*. This is a lower bound of the true significance. a. Lilliefors Significance Correction
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According tothe ANOVA testresultsfor LoD 0 in the final user test¢he means are
significantly differentwith a95% confidence level (Tab&29). When the mean plot
and Tukey multiple comparisons geerformed, it can be analyzed ttwntour is
statistically significant withabstract objecthue (Figure 9-25 and Tabl€-30). The
leastresponsdime occurswhenthe variablecontour is used. Thensaturation-red
follows it (Figure9-29).

Table 9-28: ANOVA Test Results for Response TimkoD 0 - Descriptives

95% Confidence Intery

for Mean
Lower Upper
Std. Std.
IN Mean |Deviation |Error Bound Bound Minimum|Maximumj

AbstractobjecthusoDO |32 2992.22|1236.948 [218.664|2546.25 [3438.19 453 5000
BrightnessretdoDO 32 2742.34]1175.716 [207.839|2318.45 [3166.23 |378 5000
BrightnessblukoDO 32 2822.97(1208.268 [213.594|2387.34 [3258.60 [544 5000

Contout.oDO 32 2007.91{1042.363 [184.266/1632.09 [|2383.72 (411 4074
JHueLoDO 32 2669.09[1129.554 (199.679|2261.85 |3076.34 |1023 5000
SaturationredoDO 32 2270.53]1008.310 (178.246/1907.00 [2634.07 [569 5000
SaturationblueoDO 32 2418.81{1271.428 [224.759/1960.41 |2877.21 [106 5000
TransparendyoDO 32 2432.72/1111.440 (196.477|)2032.00 [2833.44 |41 5000
Total 256  [2544.57]1174.676 |73.417 [2399.99 [2689.16 |41 5000

Table 9-29: ANOVA Test Results for Response TimeoD 0

Sum of Squares [df Mean Square F Sig.
|Between Groups 23166296.184 |7 3309470.883 2.497 .017
\Within Groups 328698802.406 (248 1325398.397
Total 351865098.590 [255
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Figure 9-29: Mean ResporesTime for the Variables for LoD
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Table 9-30: Post Hoc TestsMultiple Comparison$ LoD 0

IMean 95% Confidence Interval
Difference (H
1) Variable (J) Variable J) Std. Error|Sig. Lower Bound|Upper Bound
Tukey HSD AbstractobjecthueoD0O BrightnessretdoDO 249.875 287.815 |.989 -629.98 1129.73
BrightnessblueoDO 169.250 287.815 [.999 -710.60 1049.10
ContoutoD0O 984.313* 287.815 [.017 104.46 1864.16
HuelL.oDO 323.125 287.815 [.951 -556.73 1202.98
SaturationredoDO 721.688 287.815 [.197 -158.16 1601.54
SaturationblueoDO 573.406 287.815 [.489 -306.44 1453.26
TransparendyoDO 559.500 287.815 |.522 -320.35 1439.35
BrightnessredoDO AbstractobjecthueoD0 -249.875 287.815 |.989 -1129.73 629.98
BrightnessblueoDO -80.625 287.815 [1.000 |-960.48 799.23
ContoutoDO 734.438 287.815 [.179 -145.41 1614.29
HuelL.oDO 73.250 287.815 [1.000 |-806.60 953.10
SaturationredoDO 471.813 287.815 |.726 -408.04 1351.66
SaturationblueoDO 323.531 287.815 |.951 -556.32 1203.38
TransparendyoDO 309.625 287.815 |.961 -570.23 1189.48
BrightnessblueoD0O AbstractobjecthueoD0 -169.250 287.815 |.999 -1049.10 710.60
BrightnessredoDO 80.625 287.815 |1.000 |-799.23 960.48
ContoutoD0O 815.063 287.815 [.092 -64.79 1694.91
Huel.oDO 153.875 287.815 [.999 -725.98 1033.73
SaturationredoD0O 552.438 287.815 |.539 -327.41 1432.29
SaturationblueoDO 404.156 287.815 |.855 -475.69 1284.01
TransparendyoDO 390.250 287.815 |.876 -489.60 1270.10
ContoutoDO AbstractobjecthueoD0 -984.313* 287.815 |.017 -1864.16 -104.46
BrightnessredoDO -734.438 287.815 |.179 -1614.29 145.41
BrightnessblueoDO -815.063 287.815 |.092 -1694.91 64.79
HuelLoDO -661.188 287.815 [.299 -1541.04 218.66
SaturationredoD0O -262.625 287.815 |.985 -1142.48 617.23
SaturationblueoDO -410.906 287.815 |.844 -1290.76 468.94
TransparendyoDO -424.813 287.815 |.820 -1304.66 455.04
HueLoDO AbstractobjecthueoD0 -323.125 287.815 |.951 -1202.98 556.73
BrightnessredoDO -73.250 287.815 |1.000 |-953.10 806.60
BrightnessblueoDO -153.875 287.815 [.999 -1033.73 725.98
ContoutoD0O 661.188 287.815 [.299 -218.66 1541.04
SaturationredoDO 398.563 287.815 |.864 -481.29 1278.41
SaturationblueoDO 250.281 287.815 |.988 -629.57 1130.13
TransparendyoDO 236.375 287.815 |.992 -643.48 1116.23
SaturationredoDO AbstractobjecthueoD0 -721.688 287.815 |.197 -1601.54 158.16
BrightnessredoDO -471.813 287.815 |.726 -1351.66 408.04
BrightnessblueoDO -552.438 287.815 |.539 -1432.29 327.41
ContoutoD0O 262.625 287.815 [.985 -617.23 1142.48
HuelL.oDO -398.563 287.815 |.864 -1278.41 481.29
SaturationblueoDO -148.281 287.815 [1.000 |[1028.13 731.57
TransparendyoDO -162.188 287.815 |.999 -1042.04 717.66
SaturationblueoDO AbstractobjecthueoD0 -573.406 287.815 |.489 -1453.26 306.44
BrightnessredoDO -323.531 287.815 |.951 -1203.38 556.32
BrightnessblueoDO -404.156 287.815 |.855 -1284.01 475.69
ContoutoD0O 410.906 287.815 |.844 -468.94 1290.76
HuelLoDO -250.281 287.815 [.988 -1130.13 629.57
SaturationredoDO 148.281 287.815 [1.000 |-731.57 1028.13
TransparendyoDO -13.906 287.815 [1.000 |-893.76 865.94
TransparendyoDO AbstractobjecthueoD0 -559.500 287.815 |.522 -1439.35 320.35
BrightnessredoDO -309.625 287.815 |.961 -1189.48 570.23
BrightnessblueoDO -390.250 287.815 |.876 -1270.10 489.60
Contout.oDO 424.813 287.815 |.820 -455.04 1304.66
HuelL.oDO -236.375 287.815 [.992 -1116.23 643.48
SaturationredoDO 162.188 287.815 [.999 -717.66 1042.04
SaturationblueoDO 13.906 287.815 [1.000 |-865.94 893.76

According tothe ANOVA testresults ofLoD 1 in the final user testghe means are

not significantly differenwith a 95% confidence level (Tabl@32). As seen from
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the mean plot, the highest mean respdimse occurswhenbrightness-blue is used.
The lovest mean response timaccurs when contour is used Figure 9-27).

Saturation-red follows contour.

Table 9-31: ANOVA Test Results for Response TimkoD 1 - Descriptives

95% Confideng
Interval for Mean
Std. Lower Upper
N Mean Deviation [Std. ErrorfBound  [Bound Minimum [Maximum
BrightnessredoD1 |35  |2905.83 [1381.887 [233.581 [2431.13 [3380.52 [271 5000
BrightnessblueoD1 |35  |2951.00 (1283.899 |217.019 [2509.97 [3392.03 |79 5000
Contout.oD1 35  [2438.29 [1074.406 |181.608 |2069.21 [2807.36 [360 4312
|HueLoDO 35  [2844.34 |1424.495 [240.784 |2355.01 [3333.67 |[131 5000
SaturationredoD1 35 [2697.20 |1331.531 [225.070 [2239.80 ([3154.60 |[158 5000
SaturationblueoD1 |35  [2681.17 |1134.695 [191.798 [2291.39 [3070.95 [516 5000
TransparendyoD1 35 2835.20 (1284.623 [217.141 |2393.92 |3276.48 [257 5000
Total 245 [2764.72 |1273.660 [81.371 [2604.44 [2925.00 (79 5000

Table 9-32: ANOVA Test Results for Response TimeoD 1

Sum of Squares [df Mean Square F Sig.
IBetween Groups  |6440621.396 6 1073436.899 .656 .685
\Within Groups 389378388.171 [238 1636043.648
Total 395819009.567 [244
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Figure 9-30: Mean ResporesTime for the Variables for LoD
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Table 9-33: Post Hoc TestsMultiple Comparison$ LoD 1

95% Confidend
Mean Interval

Difference [Std. Lower Upper

1) Variable (J) Variable (1-J) Error |Sig. Bound Bound
Tukey HSD  BrightnessredoD1 BrightnessblueoD1}-45.171  [305.7581.000 [-954.42 |864.07
Contout.oD1 467.543 [305.758.727 |-441.70 |[1376.79

HuelLoDO 161.486 305.7581.000 [-847.76 |970.73
SaturationredoD1 ]208.629 [305.758.993 }-700.62 |[1117.87
SaturationblueoD1J224.657 [305.758.990 [-684.59 |1133.90

TransparendyoD1 |70.629 305.7581.000 |-838.62 [979.87
BrightnessblueoD1BrightnessredoD1 }45.171 305.7581.000 [-864.07 [954.42
Contout.oD1 512.714 [305.758.632 [-396.53 |1421.96

HuelLoDO 106.657 [305.7581.000 [-802.59 ]1015.90
SaturationredoD1 J253.800 [305.758.982 [-655.45 |1163.05
SaturationblueoD1]269.829 [305.758.975 }-639.42 [1179.07

TransparendyoD1 [115.800 [305.7581.000 |-793.45 [1025.05

Contout.oD1 BrightnessredoD1 |-467.543 [305.754.727 |1376.79 }441.70
BrightnessblueoD1}-512.714 [305.758.632 |-1421.96 |396.53

HuelLoDO -406.057 [305.758.838 [-1315.30 |503.19
SaturationredoD1 J-258.914 (305.758.980 [-1168.16 [650.33
SaturationblueoD1}-242.886 ([305.758.985 [-1152.13 |666.36

TransparendyoD1 |-396.914 ([305.758.852 |-1306.16 [512.33

HuelLoDO BrightnessredoD1 |-61.486  [305.7581.000 [-970.73 |847.76
BrightnessblueoD1}-106.657 [305.7581.000 [-1015.90 [802.59

ContoutoD1 406.057 [305.758.838 |-503.19 [1315.30
SaturationredoD1 ]147.143 [305.758.999 |-762.10 [1056.39
SaturationblueoD1]163.171  [305.758.998 |-746.07 [1072.42

TransparendyoD1 [9.143 305.7581.000 [-900.10 1918.39
SaturationredoD1 BrightnessredoD1 [|-208.629 [305.758.993 }|-1117.87 ([700.62
BrightnessblueoD1}-253.800 [305.758.982 |[1163.05 [655.45

ContoutoD1 258.914 [305.758.980 [-650.33 |1168.16

HueLoDO -147.143 [305.758.999 [-1056.39 [762.10
SaturationblueoD1]16.029 305.7581.000 [-893.22 [925.27

TransparendyoD1 |-138.000 [305.758.999 |-1047.25 [771.25
SaturationblueoD1 BrightnessredoD1 |-224.657 [305.758.990 [-1133.90 [684.59
BrightnessblueoD1}-269.829 [305.758.975 |-1179.07 [639.42

Contout.oD1 242.886 [305.758.985 [-666.36 |1152.13

HueLoDO -163.171 [305.758.998 |-1072.42 |746.07
SaturationredoD1 J-16.029  [305.7581.000 [-925.27 |893.22
TransparendyoD1 |-154.029 [305.758.999 |-1063.27 [755.22
TransparendyoD1 BrightnessredoD1 |-70.629  |305.7581.000 [|-979.87 [838.62
BrightnessblueoD1}-115.800 [305.7581.000 [-1025.05 [793.45

Contout.oD1 396.914 [305.758.852 [-512.33 |1306.16

HueLoDO -9.143 305.7581.000 [-918.39 [900.10
SaturationredoD1 J138.000 (305.758.999 [-771.25 |1047.25
SaturationblueoD1]154.029 [305.758.999 |-755.22 [1063.27

IDunnett t (2BrightnessredoD1 TransparendyoD1 }70.629 305.7581.000 |-719.92 |861.17
sided)a BrightnessblueoD1TransparendyoD1 [115.800 [305.758.998 [674.75 [906.35
Contout.oD1 TransparendyoD1 |-396.914 ([305.758.612 [-1187.46 [393.63
Huel oDO TransparendyoD1 [9.143 305.7581.000 [-781.40 |799.69
SaturationredoD1 TransparendyoD1 [-138.000 [305.758.995 }-928.55 [652.55
SaturationblueoD1 TransparendyoD1 |-154.029 [305.758.991 [-944.57 [636.52
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According tothe ANOVA testresultsfor LoD 2 in the final user testshe means are
not significantly differentvith a 95% confidence levglTable9-35). When the mean
plot and Tukey multiple comparisons are analyzéttere is no significant
relationship between the variables. As seen from the mean plot, theshigean
response timeccurswhen transparency is used; thedwest mean response time

occurswhenselfillumination -hue is used Figure9-31).

Table 9-34: ANOVA Test Results for Response TimkoD 2 - Descriptives

95% Confidendg
Interval for Mean
Std. Lower [Upper
IN [Mean Deviation [Std. ErroBound |Bound |Minimum [Maximum
IBlurLoD2 35 [2885.23 |1208.743 [204.315 [2470.01 [3300.45 [513 5000
ContoutoD2 35 [3022.14 |1200.625 [202.943 [2609.71 [3434.57 |56 5000
Self llluminatiorLoD2 |35 [2848.23 |1287.875 [|217.691 |2405.83 |3290.63 |283 5000
TransparendyoDO 35 [3143.91 |1404.659 ([237.431 [2661.40 [3626.43 |609 5000
Total 140 [2974.88 |1269.695 [107.309 [2762.71 |3187.05 [56 5000
Table 9-35: ANOVA Test Results for Response TiméoD 2
Sum of Squares |df Mean Square F Sig.
|Between Groups 1920951.564 3 640317.188 .392 .759
\Within Groups 222164459.371 |136 1633562.201
Total 224085410.936 |139

Figure 9-31. Mean ResporesTime for the Variables for LoR2
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Table 9-36: Post Hoc TestsMultiple Compaisonsi LoD 2

Mean

(I) Variable (J) Variable Difference (}J)| Std. Error Sig.
Tukey HSD BlurLod2 ContourLod2 -136.914] 305.526 .970
Self llluLod2 37.000] 305.526 .999
TransparenclylLod?2 -258.686 305.526 .832
ContourLod2 BlurLod2 136.914f 305.526 .970
Self llluLod2 173.914 305.526 .941
TransparenclylLod?2 -121.771] 305.526 .978
Self llluLod2 BlurLod2 -37.000f 305.526 .999
ContourLod2 -173.914]  305.526 941
TransparenclyLod?2 -295.686 305.526 .768
TransparenclyLod2 BlurLod2 258.686) 305.526 .832
ContourLod2 121.771 305.526 .978
Self llluLod2 295.686] 305.526 .768
Dunnett t (2sidedf BlurLod2 TransparenclyLod?2 -258.686] 305.526 732
ContourLod2 TransparenclyLod2 -121.771]  305.526 .959
Self llluLod2 TransparenclylLod?2 -295.686 305.526 .648

In the final user testghe accuracy resultare considered according tive ground

truths proposed for théhighest riskfor each variableThe ground truthfor each

variable for each LoDdepends on the literatyreilot user tests and expert

evaluationHere is the list:

= =4 4 4 -4 A4 A4 -

= =4 4 A4 -

Abstract ObjecHue LoD 0: red
BrightnessRedLoD 0: themost bright
BrightnessBlue LoD 0: themost bright
ContourLoD 0: thethickestcontoured
HueLoD O: red
SaturatiorRedLoD 0: themost saturated
SaturatiorBlue LoD 0: themost saturated

Transparency.oD 0: theleast transparent

Brightness RedloD 1: themost bright
Brightness Blud.oD 1: themost bright
ContourLoD 1: thethickestcontoured
HuelLoD 1: red

Saturation RedloD 1: themost saturated
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Saturation Blué_oD 1: themost saturated
Transparency.oD 1: theleast transparent
Blur LoD 2: theleastblurred

ContourLoD 2: thethickest contoured

Self-lllumination-Hue LoD 2: red

= =2 4 A4 -4 -2

Transparency.oD 2: theleast transparent

According tothe KruskatWallis Test results forLoD O in the final user testghe

means are significantly different with 95% confidence levelTable9-39). It can be

sea thatwhenthe accuracy results are turned ittemean accuracy percentages for
each variable, the percentages are so different from each other. However, it should
be stated that accuracy is accordingite ground truths proposeBspecially for
brightnessblue andcontour, most of theparticipantsdeterminethe highestrisk as

just the contrary tahe ground truths prosed for theth is interesting that forhie
variable usage dbrightnessred, the participants prefdsright red however they
prefereddark bluefor the variable usage tirightness-blue for referringto highest

risk. The highest accuracyccurs when the variablesaturation-red and

transparency areused (Figur®-32).

Table 9-37: Analysis of Accuracy for LoD © Descriptives

IN Mean Std. Deviation Minimum Maximum
accuracy 280 .45 .499 0 1
\variable 280 4.50 2.295 1 8

Table 9-38: KruskalWallis Testi Ranks for LoDO

ariable N Mean Rank
accuracy AbstractObjectHuleoDO 35 169.00
BrightnessReldoDO 35 161.00
BrightnessBlueoDO 35 97.00
Contout.oDO 35 93.00
HuelLoDO 35 109.00

SaturationRelddoD0O
SaturationBlukoDO
TransparendyoDO

Total

35
35
35
280

177.00
141.00
177.00
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Table 9-39: KruskalWallis Testi Chi Square for Lo®

Accuracy
Chi-Square 64.886
df 7
Asymp. Sig. .000

a. Kruskal Wallis Test

b. Grouping Variable: variable

Accuracy Percentage

Figure 9-32 Accuracy Percentages for LdDVariables

According tothe KruskalWallis Test resultgor LoD 1 in the final user testghe

means are significantly differemtith a 95% confidence level (Tab&42). When the

accuracy results are turned into mean accuracy percentages for each variable and

seen from the bar gram, the percentages are different from each other. When the

Level of Detail changes thoD 1, the results diffie especially forcontour and

brightness-blue. Accuracy is higher when they are used. EoD 1 mostbright

blue butdarkest reds chosen(Figure9-33).
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Table 9-40: Analysis of Accuracy for LoD 1 Descriptives

IN Mean Std. Deviation Minimum Maximum
accuracy 245 44 497 0 1
\variable 245 4.00 2.004 1 7

Table 9-41: KruskalWallis Testi Ranks for L® 1+

variable IN Mean Rank

accuracy BrightnessRedoD1 35 101.00
BrightnessBlukeoD1 35 139.50
ContoutoD1 35 143.00
HueloD1 35 125.50
SaturationRedoD1 35 108.00
SaturationBlueoD1 35 111.50
TransparendyoD1 35 132.50
Total 245

Table 9-42: KruskalWallis Testi Chi Square for Lol

Accuracy
Chi-Square 15.202
df 6
Asymp. Sig. .019

a. Kruskal Wallis Test

b. Groupingvariable: variablg
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Figure 9-33: Accuracy Percentages for LoD 1 Variables

According tothe KruskalWallis Test resultgor LoD 2 in the final user testghe
means are significantly differerwith a 95% confidence level (Tab@&45)When the
accuracy results are turned iritee mean accuracy percentages for each variable and
seen from the bar gram, the percentageavfsparency is different from the others.
The participants mostly preféine mosttransparent one for thehighestrisk (Figure
9-34).

Table 9-43: Analysis of Accuracy for LoD 2 Descriptives

N Mean Std. Deviation Minimum Maximum
accuracy 140 A7 501 0 1
variable 140 2.50 1.122 1 4

Table 9-44: KruskalWallis Testi Ranks for LoD2

ariable N Mean Rank
accuracy BlurLoD2 35 77.50

ContoutoD2 35 71.50

SelfilluLoD2 35 77.50

TransparendyoD2 35 55.50

Total 140
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Table 9-45: KruskalWallis Testi Chi Square for Lo®

Accuracy
Chi-Square 15.202
df 6
Asymp. Sig. .019

a. Kruskal Wallis Test

b. GroupingVariable: variablg

Accuracy Percentage
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Figure 9-34: Accuracy Percentages for LoD 2 Variables

When the number of click®f all of theLoDs are analyzedt is found thatfor the
variableshue, abstract objecthue and self-illumination -hue, red hasthe highest
click scores (Figure 9-35 and 9-36). The scores ofed exceedthose ofblue and

yellow. Thereforejt is understood thahe colorred can be distinguishable wheisk

is considered.
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Figure 9-35: Number of Clicks (Choices) for Hue and Skiifi.-Hue of all

Participants
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Figure 9-36: Number of Clicks (Choices) for Abstract Objdttie of all Participants

The participants prefahe thickestcontour indicating highestrisk (Figure 9-37). In
terms ofsaturation, the participants clickon the most saturated ondsigure 9-38).
Especiallythe variablesaturation-red has the highest clickcorefor LoD 0 and 1
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among allthe othewariables.Therefore, wherthe number of clicks isonsidered, it
can be considered as the most effective one for LoD 0 and 1.
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Figure 9-37: Number of Clicks (Choices) for Contour of all Participants
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Figure 9-38: Number of Clicks (Choices) for Saturation of all Participants

Brightnessis confusing for the participant®articipantsboth clickon the buildings
having bw brightness and high brightness for the highest risk. There is no
prominent tendencyor choosing the lowest or the highest bright oridsl value
claret reds also clicked by the participants (Figu#€39). The numbers of clicks for
each of them can be seen in Figth®9 in detail.
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Figure 9-39: Number of Clicks (Choices) for Brightness of all Participants

Transparency for LoD 1 and 2is confusing for the participantgViost of the
participants prefethe mosttransparent; however over seven clicksake placefor
the leastransparent for all LoDs (Figure9-40). The same confusiotan be seefor
blur for LoD 2 (Figure 9-41). 17 clicksare collectedfor the buildings which have
low blur and 17 clicksare collectedfor the ones which have higblur when the
background image is map. 19 clickee collectedfor the buildings which have low
blur and 15 clicksare collected for the ones which have highlur when the
background image is satellite. Theaee no clicks on the buildingsthat have mid
blur.
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Figure 9-40: Number of Clicks (Choices) for Transparency of all Participants
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Figure 9-41: Number of Clicks (Choices) for Blur of all Participants

Eye fixation durationgndeye fixation countgive clues about the effectiveness of
the visa | vari abl e. fixationtdiraion prafixation caurmgsaon thé s
image are high, that means the visual variable may not be effectivee mean
fixation durationsare similar between the variables. Howevéne mean fixation
counts difer between the visual variables (Fig9d?2). The lowestfixation couns

are obtainedvhensaturation-red is used.The hghest fixation countsre obtained
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whentransparency andblur areused.The fixation counts whenrightness-blue is
usedare more tharnthe ones when thierightnessred is used Low fixation counts
are obtained whetransparencyfor LoD 0 is usedas well. Although fixation counts
are low forhue LoD 0, they arehigh forLoD 1 and 2 (Figur&-42).

MEAN FIXATION COUNTS AND DURATIONS
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Figure 9-42. Mean Fixation Counts and Durations for Each Variable

Although the participantsare asked to think that they are looking aviaualization

without a mapegend ando concentrate on only visualization®x garticipants are
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affected by the volume and placement of the buildings. These particga@msinly
civil engineersTheyareaffectedby previous knowledge and experience.

Most of the participants agrébat red recallslanger However, eight participants
click on blue buildings for representingighestrisk. The participants who have
visual design backgrousd(map designerscity and regional plannersiainly
preferredsaturation or brightness for representingrdinal risk data.However the
others (most of the engineers) thought tinat is better to convegrdinal risk data.
On the other hand nobody is consistent in choosing the colofgost of the
participants tmk that the colors of each rangshould be blue, yellow and red.
However two participantssuggesthe colors of each rangasbrown red andyellow
andfive participants suggest the colors of each rangedsyellow ad green. One
participant statethat geen referdo landslide, blue refer® flood, and hence, these

colors should not be preferred for earthquake risk visualizations

The least bright (dark) buildingsire perceived as black and out of the topic.
Brightnessred is especially confusingvhether bright red or dark red represahts
highestrisk is not understandabl&ew participants cliclon claretcolored buildings.
Transparency andblur arenot clear. It is stated th#fte geometry of the buildings
bemmes indefinite because of the uga of these variablesTransparency and
contour are meaningful for the participants only if theghestrisk is shown in the

map.

The LoD 2 is foundto be unnecessgr by most of the participants. Over ten
participants statéhat public buildingscanbe modelled inLoD 2, and othess could
remain at.oD 1. One participant statésatthe modeling level should increase when
the user wants to zooin to a specific aredn other wordsthe LoD should change
with the scale of the maore than half othe participants stattatLoD 0 and 1
are enough to show earthquaisk to theexecutivelevel of decision maker When
additional decisionfave to be madé.oD 2 could be consideredwo participants
statethat parcels shodlbe seen instead of buifdjs in LoDO. These are the city and

regional planners.
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Five participants stateevel of Detail 1 is enoughut they want to seadditional
information on the buildings when they click on them. One participaggestshat
the type of the buildings could bepresented wittsymbology on the top of the
buildings.

Most of the participants statbat they did not notice that the background shifted.
According to themthe satellite view is important whesdditional decisbns are
needed to be taken. To show tiek visualization,mapview is found to beenough

in the background.

9.4.5 Comparison of Saliency Mapsand Eye Tracker Heat Maps

Visual saliency is a procesmrformedcomputationally which identifies important
locations and structusen the visual field.The typicalvisual saliency methodsse

color, intensity gradientin order to figure out the unique regions from the oéshe

visual field (Ciptadi et al.2013). Inaddition Ciptadi et al.(2013) incorporatéhe

componenbf depthinto the computation of saliency.

The researchs tohow thesaliencycan be computedeurophysicallyhasinfluenced

the development of computational models of saliency in the computer vision
community. The early example of this wagkdone by lttiet al. (1998) in which

they are inspired by the behavior and the neuronal architecture of the eadyeprim
visual system They proposea model that creates saliency maps basedabor,
intensity and orientation information, where objects that are locally different are

differentiated through center surround computations.

Similar methods for computing saliency mdpsve ber developedatterly. Bruce

and Tsotsos (2005and Itti andB a | d i (2005) -ienmMphaxaitae© nids
i s ur prrties galkency model. Harel et §d2006) suggest bottomup saliency

model which is called GrapBased Visual Saliency (GBVS). It first forms activation

maps on certain feature channels and then normalizes themandailang (2007)

present a saliency method based on a fast spectral analysis. The spectral aksidual

an image is extracted in spectral domain to obtain the saliency map in spaizth do

Li et al. (2009) suggest saliency detection model both for video and image in which
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saliency is defined locally. Location is measured by Incremental Coding Length
(ICL) in which the center patch is presented as the sparsest linear represented of its
surroundings. Goferman (2010) computes salienitii a contextbasedapproach
According to them, salient regions should contain not only important objects but also

thebackground parts that convey the concept.

Cheng et al. (2011) extend the saliency computation on super pixels and proposed a
regional contrasbased saliency extraction algorithm which simultaneously evaluates
the global contrast differences and spataherence. Duapt al.(2011) propose

new visual saliency detection method based on the spatially tediglissimilarity.

They measuresaliency by integrating three elements which are the dissimilarities
between image patches, the spatial distance betwegge patches and the central
bias. The dissimilaritiegre inversely weighted based on the corresponding spatial

distance.

In thisthesis,the saliency maps of the visualizations that are useti@rsecond part

of the final usetestsare obtained These visualizations are created accordinth&
fundamental IttKoch model which is abottomup mode| in which saliency is
extracted according tocolor, intensity orientation information and figure-
background relationship.They are obtained by th&aliency map algorithm written

in the Matlab source code written by Harel (2012). The code can be downloaded free
from chargeand generated easily the Matlab. In this thesis studyhe orientation
information is fixed in allthe imagesin the same LoDsBackground information
changes according to whether a map or satellite image is used. Color and intensity
information changgin each visualization. The saliency nsagf the visualizatiorfor

each visualization alternatian be seen in Appendix

The main reason to create the saliency maps igwestigate ifthe users directly
focuson the salient parts or theare affected by a simple knowledge or coding in
their brain that lead them to make decisions when they examine the visualizations.
Whenthe eye tracker heat maps are compared withsaliency maps, some clear

deductions can be made.
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Eye tracker maps totally differ from saliency maps wheaghtnessis used. In the
saliency maps, when the backgroundiisiapview which is light in colortheleast
bright (dark)buildings become distinct. On the other hamndhen the background
mapis a satelliteimagewhich is dark in colorthe brightest(light) buildingsbecome
distinct. However, when the eye tracker heat mapsbfaghtness variable are
considered both dark and light ones are tracked by the participahlihough
bottomup model shows the salient parts, the participaate confused to
immediatdy decide whether they should clickh the dark or the bright oneghisis
valid for both brightnessblue andbrightnessred. However, this confusion can be
seen morelearlywhenbrightnessred is usedespecially inLevel 0 and XFigure9-
43 to Figure9-46).

Original Image Eye Trackeg Heat Map
=

Itti Koch Map

Figure 9-43: LoD 0 Brightness Blue BackgroundMap
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Original Image Eye Tracke¢ Heat Map
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Figure 9-45: LoD 0 Brightness RedBackground: Map
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Original Image Eye Trackeg Heat Map

Figure 9-46: LoD 0 Brightness RedBackground: Satellite

When thesaturation-red and saturation-blue variables are used, the participants

tend to track mostly the most saturated ones.é@ O and 1. This can be sem the

saliency maps as welivhich meansthat it is very intuitive to select the most
saturated onesAlso, the decision to select the masiturated ones seems to be
consistent with the par,twhich cap benmore delateda ¢ k g r
to thetop-downprocesses anobservedn the eye tracker heat maps (Figug€l7 to
Figure9-50).
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Figure 9-48: LoD 1 SaturationRed- Background: Satellite
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Original Image Eye Trackeg Heat Map

Figure 9-50: LoD 1 SaturationBlue Satellite- Background: Satellite
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Whenthe eye tracketheatmapsfor hue are considered, it can be seen timatst of
the participants focused oed buildings Althoughthesalient parts areed, thereare
focuses orblueandyellow. Althoughthethickestcontoured ones becme distinctin
the saliency mapghe focusof the participantss on different levels ofcontour in
the heat mapsThe leastransparent onesbecomedistinct in the saliency maps and
aretracked bythe participantsas seen in the eye tracker heat m&uws all images

see Appendix .

9.5 Discussion of the Validation Process

RegardingLoD 2, saturation is found to be the most effective for visualizing
ordinal risk data on the buildingsarticularlyaccording to the resulisf the pilot
user tests anélnal user testssaturation-red hasa low responsetime and a high
accuracy fol,oD 0 and 1 Saturation again éfterhue) is consideredo beeffective
in the expert evaluatioas well. It is observed ithe eye tracker heat maps thrabst
saturated-red buildings aremostly tracked Moreover, he highest number of
participant clicks is observed whesaturated-red is used In addition the fixation
counts arehe lowest whersaturation-red is used.This means that participantsn
easily decide without concentratilog too many areasf the visualization During
the discussion parthe participantsvho createvisualizatiors for DM mainly stated
that saturation-red is the most effective fotoD 0 and 1.Saturation-red is found
to bemore effective thasaturation-blue. The results dmot differ with background

imageas well.

Whencontour usage in the first part of the user testanalyzedthe responsdime
is very low andthe accuracy is hightior all the LoDs. During theexpert evaluation
contour usage around the building ssiggested by one of the participants vib@
designer. During the interview part, twgarticipants statehat contour looks
aesthetic. Howevergontour is found to beeffective only if thehigh risk buildings
are supposed to be shownis not foundto beeffective when theéangesof ordinal
data are shownn the second part of the tesspeciallysomecivil engineersclick on
the leastcontoured buildings They think that they look structurally vulnerableas
they are nosurrounded by a thick structureofitour).
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Hue is foundto beeffective when the results of pilasertests and expert evaluation
are consideredVhen the final user tests are analyzege is notfound to begood
for LoD 0, but slightly good fol.oD 1 andLoD 2. Especially forLoD 2, self
illumination -hueis foundto beeffective whertheaccuracyesults of final user tests
are considered.Most of theclicks by the participantsre on the red buildings.
However, there are clicksn the blue ones (more thasever). Different colors such
asclaret red green,brown and purple instead of blue and yellave suggested by
the participants.When the heat maps are considerei, is obvious thatthe

participantsdo not only concentrate ared buildings.

Brightnessis confusing esm#ally whenred is used.The fact thatight red or dark
red refers to thehighestrisk becomesa discussiortopic for the participantsThe
same discussion is held by two expelttss clearerwhenblueis used. WherLoD 1
accuracy dataf the final user testare analyzedbrightn essblue has the most
accurate choice by the participarBgven participants statleat dark blueand dark

red buildings arecloseto black sahat buildings came understood as out of topic.

Transparency and blur are not foundto be confusingby the expertsThe same
result is obtained ithe pilot and finaluser tests. Although accuraisyslightly high
whenblur is usedin LoD 2, the experts and participants stttat the geometry of
the objects begnes unreadable wheblur is used.Transparency is found to be
effective forLoD 0. Abstract object-hue is not understandabley the usersf pilot
and final user tests. Twaarticipants decielthatabstract objectsare the buildings.

In the expert evaluatigmbstract objectusages not found effective as well.

In generalthenumber of fixation increases whenD increases. This meathat the
participants consumetoo much energy as the modelling level increase®
participants statthat LoD 2 is not necessargndLoD 0 and1 areenoughto present
the risk information on the buildingslt is found that visualizations in LoD O are
quite different from LoD 1 and LoD 2. The reason for that is in LoD 0O the
visualization of the city objestare in 2D format (apart frortne terrain). In the
expert evaluationthe participantsstate that 3D elements are used as in Laihd
LoD 2, so thered the risk of visibility of informationOn the other handhé
participantsof the final user testare mainlypositive about 3D modelling arttie
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perspective viewLoD 1 is the most preferred onén particular Two participants
state that shading in Lol enhance the visual perceptionThree participants
preferredtop view forLoD 0. The participantthink negativdy about the concept of
walking as an avatar in the 3D city modManipulatingthe 3D scene of thenodel
such as moving and rotatimg/found time confusing foDM. Static screenshots are

found more effective than dynamic interactions in the model.

When the participantsod statkeocameisthar e
background viewdoes not change thepinions of the participanttn terms of
effectiveness Two types of images are stated to dféective to beused in the
backgrounds of theisualizations. Two participants state that the satellite image can

be prepareavith 20% transpareay.
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CHAPTER 10

GUIDELINES FOR THE FINAL VISUALIZATIONS (STEP 5)

In this chapterhe guidelines are given according ttee validation results. These
guidelines areexpected to be helpful to the designers wheatevisualizations for
Disaster Managemei(DM). Visualizations are firstly given for different user types.
Two types of users ammnsidered, who arexecutive level decision makers, mainly
administrative staff and DM specialisend researchers. For the first type of sser
(executive level decisiomakers)thevisualizations presented in Figuté-1 to 164

can be usedFor the second type of user (DM specialists and researctners)
visualization presented ifrigure 105 can be usedThe representations of the
visualizations according to the legeack given in the second part. The ordinal risk
data visualization suggestions in the 3D model when ranges of three, five and seven

used areigen in this part.

10.1 Visualization Guidelinesfor Different User Types

When executive level decision makers aonsidered;

1 The usag®f LoD 2 is unnecessaligr this type of user
LoD 0 and LoD1 can be used together. LoDafid lareenough in terms of
modeling levelto conveyordinal risk data.

1 The model inLoD 0 canbe given ashetop view together witthe model in
LoD 1 astheperspectiveriew.

1 Saturation is usedn this variablethe value ofaturation changesthe value

of brightness is fixedand the value dfiue isfixed asred (Figure10-1).
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1 Public buildings can be defined wittons on the top of building$igure10-
1).
1 Instead of using iconic expressions on the top of public buildings, only the
public ones can be presented in LoD 2 (FidLGe).
The buildings in LoD 2 can be viewadanother layer.
Pop-up information whib is necessary for the usean be giverwhen the

public buildings are clickedFigure10-3).

i Saturation can be used when satellite view is used in the background (Figure
10-4).
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Figure 10-1: Final Guidelines for High Level Decision MakieBackground: Map
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Figure 10-3: Final Guidelines for High Level Decision MakiePublic Ones Qicked
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Figure 10-4: Final Guidelines for High Level Decision MakieBackground:
Satellite

When DM specialists and researchers are considered;

LoD 2 can baused.
The ordinal risk visualization can be given on the roof of the buildings.
this way, the textures of the buildinganbe seen. In thi€oD, all the city

objects arevisualizedin amore detailed way (Figure0-5).
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Figure 10-5: Final Guidelines for DM Becialistsi Background: Map

For both type of usersffective zoominglevels for each L& as minimum and
maximum aresuggestedTheselevels are definediccording to the participarits
suggestions during the tests in the discussion part. However, this part should be
tested with users ia more quantitative way. The prepamxbm levelscan be seen
in Tablel0-1. The visualizations using each LoD level can be rendered between the

minimum and maximum magrales.
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Table 10-1: Effective Zooming Levels for each LoD

Minimum zooming
distance

Maximum zooming
distance

LoD O 1/10000 1/5000
LoD 1 1/5000 1/2500
LoD 2 1/2500 1/1000

10.2 Visualization Guidelines for the Legend

Therangeof theordinal data cannot be alwaykree Therefore, suggestions ftire

ranges ofive andseven are given:

l

6t0 10-8).

1 Whenthe range of five isused, defining all of them witlsaturation can
increase the cognitive load. Therefotiee usage of differentues (red to

yellow) is preferred However brightnessis fixed (Figurel0-7).

when therisk level decreasesvith changinghues(Figure10-8).
1  When only thehighest riskis visualized contour andtransparency with

hueredc an be wused t1®9 anhdh e

Figure10-10).

In all of themsaturation decreases when thisk level decreases-{gure10-

In the range of severrightness increases althougbaturation decreases
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Figure 10-8: LoD 171 Seven Range Ordinal Risk Visualization
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Figure 10-10: The Highest Risk Visualization with Transparency

The valuesof hue, saturation, brightness are adjusted ithe 3Ds Max (FigurelO-
11). The values for each one is given in Tab@2. Each value for the legens
obtained from the least shadowed part of the buildings.
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Figure 10-11: AdjustingHue, SaturatiorandBrightness in 3B Max

Table 10-2: Hue, Saturation and Brightness Values for the Legend

Usage othree

ranges in the H:255 H:255 H:255
legend S:255 S:115 S:35
B:255 B:255 B:255
H-fixed, Sdecreases, Hixed
Usage of five . .
rangesn the H:255 H:6 H:18 H:32 H:36
legend S:255 S:150 S:130 S:110 S:60
B:255 B:255 B:255 B:255 B:255
H-changes, Slecreases, fixed
Usage of sevel . . . .
rangesin the H:255 H:255 H:255 H:6 H:18 H:18 H:18
legend S:255 S:230 S:180 S:150 S:130 S:80 S:40
B:100 B:150 B:200 B:240 B:255 B:255 B:255

H-changes, Slecreases, #hcreases
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CHAPTER 11

CONCLUSIONS

In this thesis,a framework is proposed tprovide visualizations used in Disaster
Management (DMyvith a systematic and standardized approach. The target users of
the framework areesearchersvho study geovisualizatiordesignerswho perform
visualizations for DMandGIS vendorsandend usersvho areDM decision makers
(executive level decision makersdaBM specialists and researchgrsThe main
model of the framework ithe waterfall modelbecausavhat is performed in each
step starts withthe consideation of the outcomes of the previous step. However,
iterations are suggested between the first s(Bmploration of The User
Requirementsand the second stépefining the Context to be Visualized), the first
step (Exploration of The User Requiremen#s)d the fourth steValidation
Process)whichare not performed in the thesis study. The framewopkaposed to
providethe researchensith insight since they can adapt the methodologies to their
studes to creae information visualizations in any type of domain that decision
making process is considered. The visual taxonomy created in the third step is
expected to be useful for designers to create their visualizati@nsystematic way

The fifth step(Guidelines for the Final Vilizations)of the framework is proposed
especially for designers and GIS vendors. In this step, guidelines are proposed for the
visualization of disaster risk im 3D city model. Designers can follow these
guidelines and GIS vendors can add specific tools for DMeir software modules
considering these guidelinesn this part, the way the research questions are

answered is explained.
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Theresearch questions of the thesis are

1. What would be the main steps of a framework that would help creating
visualizations to increase the effectiveness and efficiency of the decision
making process of DM specialists? What would be the advantages and
disadvantages of each proposed step wherethdts are considered?

2. What would be the negative and positive feedbacks of the users and experts
about visualizations in a 3D city model?

3. Could there be a systematic approach in defining the visualization of an
attribute throughout taxonomy? What wdube the dimensions of this
taxonomy?

4. What kind of design mechanisms should be considered when 2D visual
variables are adapted to the 3D environment?

5. Which visual variable(s) should be considered for visualizing information

utilizing which Level of Detaibf the model?

Discussion of the advantages and disadvantages of each step of the framework
corresponds to thirst research questianThe first step of the framewarkvhichis
AExpl orati on of @ ihvelvedhsompreh&sivpoderstathgeoh t s
the enduser needs and expectations about visualization in a 3D city model. First of
all, the end users in the framework are the ones who interact with the information
visualizations in DM they are executive level decision makers and DM specialists
and researcher s. Il n or der ptolesahdrblasaree t he user
determined. During this step, taking different opinions from a wide range of user
types makes the framework applicable sowide range of users. In addition, the
whole structure of user interactions in DM can be clsainterviewinga wide range

of user typesworking in different phases of DM. For this reasanterview and
guestionnaire methad used. During the interviews, a simulation of a 3D city model
includingthe city objects is shown. This presentation is effective in terms of getting
the initial responses of the users to the city model in 3D visualization platform.
Moreover, it allows the researcher to express himself/herself better. In thig giep, i
context to be visualized is predefined, specific questions should be asked to the users.

In thisthesisstudy, it is defined after analyzing the results of the first step.

148



I n the second step, A De f itheidatagcolleel mth€ o nt e x

first step is analyzedJnderstandinghe profiles and roles of all types of users is an
important part of the thesmincethe results discussed @hapter4 and 5 can be
helpful for the people who will perform visualization for any scenarica dM
process using the framework. As explained in Chapter 5, a Hierarchical Task
Analysis isperformed andisk assessmens found to besofundamental that athe
phases areelatedto it and therefore the attributé earthquake risks considered for

the visualizations. Aftesettingthe DM phase asisk assessmemind the attribute as

risk, another short interview or questionnaire with the usmsld have been
performed especially for risk visualization inthe 3D city mode] which could

enhance the analysis of end user requirements

In the third step Level of Detail (LoD)dimensionis based ornthe City GML
standards but different modeling level standardsataobe usedThree LoDs are
taken in to account for this studyhich ae LoD 0, 1 and 2. The main reason is that
LoD 3 and 4 requir@a high level modelingwhichis deemedunnecessary btghe end

users of DM.In this thesis studyiewing angle and global properties are retained
fixed. The adaptation of visual variables should be discussed when viewing and
global properties change as their perception changes with these properties. In the
visualizations, the inclination angle of the camerseisas45’ and lighting is placed
slightly from a head. These are decided accordingthe guidelines given by
Haeberling (2004a) for 3D maps. The last dimension is the Measurement Scale
which is composed afiominal ordinal andinterval/ ratio measurement scales. The
attribute to be visualized defiredasordinal data. Therefore, firstly, the effective or
ineffective variables for visualizingrdinal data are researched from the literature.
Information about the modeling part including the visualization platform and
texturing details is givenmAlterndive visualizations are created usititge Autodesk

3Ds Max inthis step.The ArcGIS is notregardedoractical for texturing the faces of

the buildings for LoD 2. Especially with the property of UVW mappm@Ds Max,

the objects can be texturbdtter However, this process is still time consuming. The
main disadvantage of 3Ds Max is that it oty XYZ Cartesian coordinate system
and lacks in ageographic coordinate system. A standard rendering process takes
approximately 5 seconds for each visuaii@n. Extra mechanisms such asr&y and
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Mental Ray plugins arenot used. If those kinds of plugins are uskd the
visualizations it would be more realisticOn the other handthe use of such
functionswould bequite time consuming. The most difficufiart is texturing the
terrain withareal city map anc satellite map. The buildings should be well fit on

the right regions as they are. This would be more precise if a geographical coordinate
system andhe right projection type is usedavhich can besmply done inany GIS

software

During the AV a lwhidhastthedaourth Btepoof the Bamework, an
eliminative approach is embraceachich is quite effective. Alternative visualizations
arecreated using the visual variables that are affedor ordinal data visualizations
expressed by expert cartographers in the literature. Then, these visualizations are
eliminated bythe visualization experts who are the participants of the pilot user tests
and expert evaluation. The visualizations prepawéfi the selectedvariables are
presented tdéhe end users who atke participants of the final user tests. The most
difficult part is the arrangement of the usésthe final testsThey haveto come to

the test place in User Testing and Research Lab (UTRLAB) in METU Technopolis
becausen the final user test@neye tracker is useand it is not effective ttakeit

t o t h eremiseeTheefore, permissionshould be attaineffom the head of

the departments of the users especiallygovernmental organizations. The other
problem is arranging a balanced userofile according to their educational
background. Most of the uses6 DM specialists and even some of the designers who
prepare the visualizationsre engineers. Therefore, in order to make better
guantitative comparisons of tlvarioususerpreferences based on thbaickground
various users from a balanced backgroumoutd be selected from a larger sample
Thereare only three executive level decision makers in the studych is a minor
drawback. The usage ofan eye tracker with the users who wear glasses

problematic topbecause¢he dataobtained from thers unusable.

In the last stepof the framework,i Gui del i nes for t he Final
guidelinesare proposed tde helpfulto give insight to visualizingordinal risk data
for DM. Example visualizations are developed and preseatmbrding to the

proposed guidelinedn the guidelines, suggestions are made according to the types
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of the end users. For the executive level decision makers LoD 1 is proposed.
However, public buildings are suggested to be modeled in LoD 2, symbolically,
which are differenfrom the other buildings. For this type of user, LoD 0 is presented
together with LoD 1 in top view format. For DM specialists and academjdiais

2 is also suggested. However, risk levels are visualized only on the roof of the
buildings in LoD 2. Zoommg levels for each LoDs suggestedThe variable
saturation-red is used in all visualizations that Jethree range of ordinal risk
information. The same variable is suggested when the satellite view is selected in the
background. It is suggested that when the range is more than three (five and seven),
changing only saturation increase the workload. Therefore, thablesithat are
found effective in the validation procesghich arehue andbrightness are used in
combination withsaturation. It should be stated that for athe legend types
saturation is the key variable which should always decrease whenmsthdecreases.

For each legend type HSB values are given. For the visualization of the highest risk

barely,contour andtransparency are suggested.

The effectivenessof saturation and brightness for ordinal datais high in 2D
visualizations which is proposed byertin (1983) and Morrison (1974). It is found

in this thesis that the same is valid for 3D visualizations. Bertin (1983) fouads

not acceptable for visualizing ordinal data. However, when the domain is considered
as DM, it can be angted from the validation process tlimte usage from claret red

to yellow in the color panel can be applicalideeenandblueare not coded the same

by all the participantsRedshould not be bright and saturatxtept forthat it refers

to the highestange. The reason is that it is directly associated with the highest risk.
Hence, if darker red such as claret red is used for visualizing the higglests
saturation should be the higheRedin the same visualization should be given with
lower saturation if it is used for visualizing medium risted should notbe very

dark otherwise it can be seen al®seblack which gives the impression that the
attribute is outlier. These suggestions d& given when the global properties are
fixed. The perception of each variable differs when the shading, lighting and
atmospheric properties change. Therefore, user tests should be planned to investigate

the most effective global settings.
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Users negatie and positive feed backs are taken in the first step that corresponds to

the second research question. During this ste@,users can decide whetHzd

visualization can be more effective than 2D visualization or Especially a

simulation presentatiois helpful to get the initial ideas.h€ negative and positive

feedbacks of the users about visualizations in a 3D city model are gatisergdhe

interview method During the validation processhich is the fourth step t he user s o
feedbacks related tdhe 3D model are also obtained agémt in a more
comprehensive way3D model is shown to the participants in three different LoDs.

Their opinions for each model are asked.

During the third stepfiCr eat i on of the Visualizations
Ta x o n o my thitd resehreh questions considered.In order to suggest a

systematic approach in defining the visualization of an attribute, a Visual Taxonomy

based on three dimensions is proposed. These dimensions are Level of Detall,
Measurement Scalend Visual Variable. Visual variable dimension is based on a
comprehensive literature review on 2D cartographic visual variables. However, their

usage in 3D is not directly adapted and tested with users. The definitions of visual
variables in 3D environmerdre basically proposed in this step. This also partly
contributes to thdourth research questionHowever, in the case study, design
mechanisms of 3D environment are not totally considered as the alternatives are not

evaluated with different global progies.

In the fifth step, guidelines are given for ordinal earthquake risk visualization on the
buildings. Which visual variable(s) should be considered for visualizing information
utilizing which Level of Detail of the model are explained. This corresponds to the
fifth research questionHowever, only the attribute risk is evaluated and the
suggested visualizations are given according to the results of validation process.
Which visual variablesin which LoD are appropriate for other attribute

visualizations in DM can be another research topic in future studies.

11.1 Recommendations for Future Studies
For the future studie)M decision makerganbe considered under two headings

namelythe ons who areexecutive leveldecision makerséike administrativelevel
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decision makersand the ones whare involved in specific analysis and DM
strategieslike DM specialists andresearchers This way, different end user
perspectives can be taken irgocount The interview questions can be extended to
analyzethe requirements of a specific attribute or the scenario to be visualized
according to different end user typé&ploration of @er requirements should be
prepared in a more iterative wasen researchers are of concern.

During the preparation of the visualizatioB®s Maxis used. he capabilities of
different programs can beested. Instead of Open Sesarddferent behavioral
experiment softwar@rograns can bepreferred The technical setupnd preparing
the graphs and maps using Tabipractical. However, he participantsvho have eye
vision problemscan be asked to wearontactlensesfor eye tracker studies if they
prefer.Thepupil size of the participants can be analyzed as well.

Forfurther studis, it is strongly recommended thatvisualization module for DNé
created by GIS vendomr 3D visualization moduleare involvedin DM decision
support systems based on the proposed guidelines in thiesignodulecanlead to
visualization of specific attributes used in DM. For instance, for visualizing
earthquakeisk on the city objects, saturation palette can be given on the toolbox.

Specific symbols can be prepared in the library to express the public buildings.

In the guidelinesthe minimum and maximum zoom levels to be used for the maps
prepared with different LoDs are given. Howeube effectiveness of zoom levels is
another research topic that can be validated with user késteover,the effect of
global propertiedike lighting, shading and sdaws can be analyzed by making
different set of visualization alternatives afeir effectiveness can be anadg by
making expert evaluatioand user testDifferent visual variables, combinatioasd
dynamic variables can be usedthe visualizations antthe results can be validated

with the visualization experts and end users.
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APPENDIX A

INTERVIEW DOCUMENT

INTERVIEW DOCUMENT

Hi , my name i s Asl é& Yél maz. | Geadeticand Ph D s
Geographic Information TechnologieEMiddle East Technical University. My PhD
thesis advisor is Prof. Dr . kebnem D¢zggé

on the determination of proper visualization in ordeprtovide the decision akers

in Disaster Minagement with an accurate, easy and quick perception of the data they
analyze. In this context, | organized several interviews with the experts on different
phaseof Disaster Mainagement. In fact, my goal is totlgar information about the
necessities of the decision makers on this subject. | have learned from __ (this
specific person [/ web/ é) that you have ga
| am very grateful to you for giving me this opportunity to mtew with you.

Participation in this study is at your discretion and is based on voluntariness; there is
no obligation as to the participation in this study. Please let us know if you feel any
discomfort during the study. If you need to rest, you camielland take some rest.

You can leave the study any time you want without any requirement for explanation.

| want to voicerecord during the interview. This record will never be used for any
purpose other than the thesis scope. Your identity will nevendiehed and will be
archived and kept safe upon completion of the study.

If everything is okay up to here, | guess we can start;

General Information

May | learn your occupation?

In which insttution and under which department do you work?
How many yearfiave you been working in this department?

How many years have you been working on Disaster Management?
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Do you work individually or as part of a team? If you are working in a team, which
departments or occupational groups do you work with?

Could you pleae briefly explain to me the way you work@r example, | am a city

and regional planner. | work on the city plan of this city. Currently, | am working on
this project / these projects actively. These are the scopes of this project / these
projects, and thse are my responsibilities. | work this much hours per week. These
are the regular duties that | perform etc.

Specific Information

Could you please tell me about yaecisionmakingprocess? What are the stages of
the process?

Which subjects do you work on? Whidecisionmakingprocess do they relate to?
Which subjects do you think will gain importance in the future? Could you please
tell me these subjects according to the order of importantdétey happen to say

more than 3 i t wi || be reduced down to 3, nThen
i mportant titles?0o0

Which information technology tools do you use in the process? What kind of

problems did you encounter with these tools? Do you remember any concrete events

that you or ayone else has experienced? That caused you trouble, led you to make a

wrong decision...

Have you ever performed analyses on a 3D virtual environment before?

SAMPLE VISUALISATION OF THE 3D ENVIRONMENT

(In this part, the sample model will be shown on teereen)

Recently, it is possible to visualize the geographical spatial knowledge on new

platforms using new methods. | want to show you a couple of short video
demonstrations.

Do you think that such a model could be used indixasionmaking process ofa

city model? How can it be used? Would 3D visual design be advantageous on your

side? From which aspects would it be advantageous? From which aspects would it

not be advantageous? What else is required to improve it?

Would you need 2D visualization in ditlon to that? From which views would you

|l i ke to see this environment? Perspective, t

you show us here what kind of a perspective view it is?
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In such a visualization, which city objects are absolute must fd&? Ydhich objects
are required? Could you please check the boxes here?

Say we have selected the objects... What kind of information do you need to be
known in such an environment?ii We can go over one by one
building, whiche | e ment / el ements of the buil ding n
on a piece of paper with the participant... Which one is the most critical? If you

would have 100 points and distribute it among these items, how would you do that?)

Would it be useful foyou to display the environmental factors and time information
(weather condition, pollution, day mode etc.) in such a visualization? What kind of
environmental factor information would be meaningful to you?
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SELECTION OF CITY OBJECTS

Low Importance Mediunnhportance High Importance

Building [] ] ]

Transportation (roads, bridge
tunnels etc.)

Waterbody (lakes, rivers etc [ ]

O 0O O
O 0 O

City Furniture (traffic lambs
banks, bus stops, billboart
etc.)

Land Use (parks, industri
areas, residential areat.)

Vegetation (forests, meadov
etc.)

Terrain D

Lifelines (electricity, water, gas
communication networks etc

O o 0O 0O
O o0 0O 0O

Additional Objects:

[]

[]
[]

Ol

[
]

[]

[]
[]

176



ATTRIBUTES OF CITY OBJECTS

Building

Transportation (road$ridges,
tunnels etc.)

Waterbody (lakes, rivers etc

City Furniture (traffic lambs, bank:
bus stops, billboards etc

Land Use (parks, industrial aree
residential areas etc

Vegetation (forests, meadows et

Terrain

Lifelines (electricity, water, gas
communication networks etc

Additional Objects:
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APPENDIX B

USER PROFILES

Table B.1: Interviewed User Profiles

Profession Department/Foundation  Job Title Co-workers Experience
(In Turkish)
Civil Engineer Gankaya University-ingaat | Academician Urban and Regional 43 years
Mihendisligi Bolim (Professor, Planners, Earth
m Bagkanhg Chair of the Scientists, Geological
Department, Engineers, Disaster
President of Risk Managers
IAEE)
Geological AFAD-Deprem Dairesi Geological Earth Scientists, Civil 14 years
Uz Engineer Baskanhgr-Deprem Bilgi |Engineer,M.Sc. Engineers, Geological
Sistemleri Galisma Grubu Engineer, Geophysical
Engineers
Geological AFAD- Deprem Dairesi Geological Earth Scientists, Civil 8 years
y3 Engineer Baskanhgr-Gavenli Yapi  |Engineer, M.Sc. Engineers
Guvenli Yerlesim Calisma
Grubu
Geophysical AFAD- Deprem Dairesi Geophysical Geological Engineers, 9 years
Engineer Baskanligr- Ulusal Kuwetli | Engineer Geophysical
Ut Yer Hareketi Gozlem Al Engineers
Calisma Grubu
Geophysical AFAD-Planlama ve Zarar |Geophysical Geological Engineers, 15 years
Engineer Azaltma Dairesi Engineer, M.Sc. Geophysical
Baskanhgi Engineers, Civil
us .
Engineers,
Environmental
Engineers
Geological Gazi Universitesi- Deprem |Academician Engineers, 11 years
Ue Engineer Aragtirma Merkezi Academicians,
Bagkanhdi Sociologists,
Pyschologists
Geological AFAD-Bilgi Sistemleri ve |Geological Geomatic Engineers, |16 years
u7 Engineer Haberlesme Dairesi Engineer Geological Engineers
Baskanlig / CBS
Sistemleri Calisma Grubu
Statistician ODTU Afet Yénetimi Academician Sociologists, 14 years
Uygulama ve Arastirma (Assistant Psychologists, Civil
Merkezi Professor) Engineers
Urban and Regional
Planners, Business
us Administrators,
Architects,
Environmental
Engineers,
Geological Engineers
Geological AFAD-Planlama ve Zarar |Geological Earth Scientists, 24 years
U9 Engineer Azaltma Dairesi Engineer Geological Engineers
Baskanhgi
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Table B.1(Continued)
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