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ABSTRACT 

 

 

A FRAMEWORK FOR VISUALIZATION OF INFORMATION IN 3D VIRTUAL 

CITY ENVIRONMENT FOR DISASTER MANAGEMENT 

 

 

Yēlmaz, Aslē 

Ph.D., Department of Geodetic and Geographic Information Technologies 

Supervisor: Prof. Dr. H. ķebnem D¿zg¿n 

June 2015, 238 Pages 

 

In recent years, new developments in technology have brought about novel methods 

and platforms that have provided innovative visualization of geo-spatial 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 geo-spatial information visualization in the 

conducted studies is mainly technology-driven and not standardized. Moreover, 

perception of the user, user experience and cognitive processes are not considered 

profoundly. 3D geo-spatial information visualization has widespread usage in 

Disaster Management as it allows decision makers a better understanding of the 

disaster phenomena. The aim of the study is to build a framework that follows a user-

centered approach and to propose steps to design effective visualizations for Disaster 

Management specialists. The framework is enhanced with theories and concepts 

from the disciplines of cartography, human computer interaction and cognitive 

science. The proposed framework provides guidance for creating visualizations of 

information in Disaster Management. In this thesis, guidelines are proposed for 

visualization of disaster risk in order to help decision makers take accurate and rapid 

decisions. 

Keywords: Geovisualization, Disaster Management, User-Centered Approach, 

Decision Making Process 



vi 
 

 

¥Z 

 

 

AFET Y¥NETĶMĶNDE BĶLGĶNĶN 3B SANAL KENTSEL ORTAMLARDA 

G¥RSELLENMESĶ Ķ¢ĶN BĶR ¢ER¢EVE GELĶķTĶRĶLMESĶ 

 

 

Yēlmaz, Aslē 

Doktora, Jeodezi ve Coĵrafi Bilgi Teknolojileri Bºl¿m¿ 

Tez Yºneticisi: Prof. Dr. H. ķebnem D¿zg¿n 

Haziran 2015, 238 Sayfa 

 

Son yēllarda, geliĸen teknolojilerle beraber coĵrafi-mek©nsal bilginin, yeni metotlar 

ve platformlar kullanēlarak inovatif olarak gºrselleĸtirilmesi m¿mk¿nd¿r. Bu 

platformlardan biri olan 3B sanal platformlar artan derecede tercih edilmektedirler 

­¿nk¿ bu ortamlar ger­ek d¿nyayē tasvir ettiĵi gibi coĵrafi- mek©nsal bilgiyi de 

iletebilmektedirler. H©lihazērdaki 3B coĵrafi ortamda yapēlan bilgi gºrsellemeleri 

teknoloji odaklē olup, standardize edilmemiĸlerdir. Ayrēca, kullanēcē algēsē, deneyimi 

ve biliĸsel s¿re­ler yeterince deĵerlendirilmemektedir. 3B coĵrafi ortamda bilginin 

gºrselleĸtirilmesi, karar vericilerin afet fenomenini daha iyi anlamasēnē saĵlamasē 

sebebiyle, Afet Yºnetimiônde yaygēn olarak kullanēlmaktadēr. Bu tez ­alēĸmasēnēn 

amacē Afet Yºnetimiônde karar vericiler i­in efektif gºrsellerin hazērlanabilmesi i­in 

adēmlar ºneren ve kullanēcē odaklē bir s¿reci takip eden bir ­er­eve oluĸturmaktēr. Bu 

­er­eve kartografya, insan bilgisayar etkileĸimi ve biliĸsel bilimler disiplinlerinde yer 

alan kavram ve teorilerle desteklenmiĸtir. Bu tez ­alēĸmasē sonucunda oluĸturulacak 

­er­evenin, Afet Yºnetimiônin bir­ok aĸamasēnda bilginin nasēl gºrsellenmesi 

gerektiĵi ile ilgili bir kēlavuz gºrevi gºrmesi ama­lanmaktadēr. Bu tez kapsamēnda 

afet riskinin gºrsellenmesine yºnelik karar vericilerin hēzlē ve doĵru kararlar 

almasēna yardēm eden ºneriler sunulmuĸtur. 

Anahtar Kelimeler: Coĵrafi Gºrselleĸtirme, Afet Yºnetimi, Kullanēcē Odaklē 

Yaklaĸēm, Karar Verme S¿reci 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

1.1 Motivation  

It is a well-known 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 interpreting data. As it is perfectly stated by McCormick et al. 

(1987, p.3), ñIt offers a method for seeing the unseenò. The visualization enables 

users to observe their analysis effectively and efficiently. It embraces both image 

understanding and its synthesis (McCormick et al., 1987). Similarly, Brodlie et al. 

(1992) define the goal of visualization as being the promoter of a deeper 

interpretation of data and the bringer of new insight into the process, relying on 

humanôs natural ability of visualization. 

In Geographic Information System (GIS), large amounts of data are stored, 

manipulated, analyzed, and displayed. Many disciplines use GIS such as urban 

planning, geodesy, geology, oceanography, agriculture, mining, environmental 

science, disaster management, etc. GIS serves for a systematic compilation of 

geospatial information and its usersô interaction to support spatial decision, 

management and operations. In this data-rich system, users need to access relevant 

information in a timely manner, interpret them easily, do effective exploration and 

analysis and at last present the results meaningfully. This whole process may include 

different types of users and their interactions. 
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The visualization of geospatial information is a key issue for effective decision-

making (Keme­ and D¿zg¿n, 2006). Decision makers in GIS are users that may 

simply act as audiences to the presented geospatial data. However, more often they 

are the ones who perform visualization, exploration and analysis of data with the 

help of proper software program(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 generate applicable strategies (Godschalk et al., 2006). 

Therefore, Andrienko et al. (2007) state that visualization of geospatial information, 

which is defined simply as geovisualization, is an emerging discipline that creates 

synergy between computational techniques and human capabilities. 

Over the past few years, new developments in technology have brought about novel 

methods and platforms that enable innovative visualization of geospatial information. 

Among the possible platforms, 3D virtual environments are increasingly preferred as 

they not only depict the real world phenomena but also convey additional 

information. 3D geovisualization is employed in an increasing number of 

applications from the areas of city planning, city marketing, tourism, and facility 

management (Altmaier and Kolbe, 2003). MacEachren and Kraak (1999) express 

that 3D virtual environments are ñsuperò environments since they enable users to 

experience not only the visible but also the invisible.  

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

semantics, topology, and thematic information (Dºllner, 2009). They become 

essential computational tools as they allow 3D analysis, simulation, navigation, 

communication and management (Dºllner, 2009; Baig and Rahman, 2011). 

Examples for the uses of 3D city models include city walk-throughs or fly-throughs 

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

blocked by a new structure, flood inundation and signal modelling (Ellul, and 

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

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

representation of real world phenomena.  

Numerous standards have been proposed for 3D city models. The most well-known 

ones that can be adapted during their visualization are 3D visualization standards for 
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online visualization such as the Extensible Markup Language (XML), the Keyhole 

Markup Language (KML), the Virtual Reality Modeling Language (VRML) and the 

standards for building objects and sites for 3D city models such as the Industry 

Foundation Classes (IFC), the Unified Building Model (UBM) and the City 

Geography Markup Language (City GML). Among them, the City GML, which is 

proposed by the Open Geospatial Consortium (OGC), is comprehensive because it 

defines 3D city models not only as geometrical and graphical models but also with 

their thematic, topological and semantic aspects (OGC, 2012). Although the City 

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

attributes of specific domains.  

Although 3D virtual environments for visualizing geospatial information are 

increasingly used and various standards are created for them, they mostly focus on 

technology and 3D model construction. According to Bleisch (2012), 3D 

geovisualization is often technology-driven and misses solid theories. Most of the 

research focuses on the aspects of technology and process; usefulness or cognitive 

outcomes are rarely evaluated (Bleisch, 2012). For several aspects involved in 3D 

geovisualization, the guidelines for theory and design have not been well established 

and suitable evaluation methods are needed (Slocum et al., 2001). Comprehensive 

user-centered studies are limited. Efficiency and effectiveness or measuring task 

completion time and success /error rates are typically used as usability evaluation 

measures (Bleisch, 2012). User individual differences such as cognitive abilities, 

socio-demographic profiles, individual knowledge bases and understandings of the 

underlying phenomena are not systematically examined for geovisualization design 

process (Slocum et al., 2001). 

The 3D geovisualization has not involved a comprehensive theoretical background 

yet. What has been constituted had its origins in other disciplines such as information 

visualization, scientific visualization, human-computer interaction and cartography 

(MacEachren, 1995; Dix et al., 1998; Card et al. 1999; Chen, 1999; Ware, 2000). 

Therefore, although the guidelines for theory and design for 3D geovisualization are 

still not well-developed, considerations can be based on these disciplines (Slocum et 

al., 2001). As it is underlined in the definition of geovisualization by MacEachren 
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and Kraak (2001, p.3), geovisualization is ñthe integration of visualization in 

scientific computing, cartography, image analysis, information visualization, 

exploratory data analysis and GIS, which all together can provide theory, methods 

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

dataò 

3D geovisualization is a new research area for Disaster Management (DM). The right 

and fast user interpretation of information is very critical in DM. Decision-making 

processes in each DM phase play an important role and differs from each other. Each 

DM phase includes different user profiles and roles, different types of scenarios for 

pre-disaster or post-disaster. The attributes to be visualized differs with the DM 

phases and scenarios studied by the users in these phases. Although 3D city models 

are increasingly used in DM, comprehensive user-centered studies that suggest 

theoretical approaches and guidelines for visualization criteria are limited. As a 

matter of fact, the advantages and disadvantages of the usage of 3D geovisualization 

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

makers. 

 

1.2 Aim and Scope 

In this thesis study, it is aimed at developing a 3D visualization framework for 

interpreting DM-related information based on a user-centered approach. The main 

target users of the framework are the designers/experts that perform visualizations 

for DM, the GIS vendors that build specific tools for DM, the researchers who study 

geovisualization and finally the end users that are the decision makers of DM, who 

interact with the visual outcomes of the framework.  

The framework is built upon the methodologies and theories from the disciplines of 

cartography, human computer interaction (HCI) and cognitive science. It is based on 

a comprehensive overview of the fundamental methodologies and theories of these 

disciplines. Although the proposed framework serves for DM, it can be adapted to 

other domains with appropriate modifications. The framework incorporates a 

theoretical background from the disciplines mentioned above but with the 
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performances of the decision makers of DM and as well as the judgments of 

visualization experts.  

The framework includes five main steps. The details of each step are explained in 

separate chapters. A specific visualization of an attribute in a DM phase is aimed to 

be conducted in a 3D city model. In the framework the purpose is to explore the 

ñVisual Variablesò, ñData Measurement Scaleò and ñLevel of Details (LoD)ò of the 

City GML for modeling through a ñVisual Taxonomyò for 3D environment. 2D 

visual variables that have been defined in cartographic theories are reidentified 

according to 3D environments since they are originally proposed only for the 

visualization of 2D maps.  

The main consideration of the framework is to follow a user-centered approach.  

Hence, it starts with the step ñExploration of User Requirementsò, which suggests 

generating user profiles and roles and usersô needs during the decision-making 

processes. The context of the information that is visualized in DM is defined 

according to the analysis of user requirements. Visualization alternatives are 

generated after a specific phase, scenario, and city objects and an attribute is 

selected. During the ñValidation Processò, the generated visualizations are evaluated 

with the visualization experts and the end users. The framework suggests an iterative 

approach that keeps the user-centered approach in the core in order to create effective 

and efficient visualizations to embrace the end usersô decision-making processes. 

 

1.3 Research Questions 

This research is aimed to answer the following questions: 

¶ 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 when the results are considered?   

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

about visualizations in a 3D city model? 
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¶ Could there be a systematic approach in defining the visualization of an 

attribute throughout taxonomy? What would be the dimensions of this 

taxonomy? 

¶ What kind of design mechanisms should be considered when 2D visual 

variables are adapted to the 3D environment?  

¶ Which visual variable(s) should be considered for visualizing 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. A brief description of each chapter is as follows: 

 

Chapter 1 introduces the motivation section, which includes the explanation of 

general gaps in the literature as well as the state of the art, the outcomes and the 

research questions. It also includes the organizational information. Chapter 2, which 

is an overview of studies for geovisualization, includes theories and concepts from 

cartography, HCI and cognitive science. The studies for geovisualization for DM are 

also discussed in this chapter. Chapter 3 briefly describes the DM cycle and the 

phases of DM. Chapter 4 describes the proposed framework. The target users and 

each step of the framework are described. Chapter 5 explains the methods used in the 

framework. Chapters 6 to 10 explain each step of the proposed framework in detail. 

Chapter 6 provides what is performed in the first step of the framework, which is 

ñExploration of User Requirementsò. Chapter 7 describes the second step of the 

framework, which is ñDefining the Visualization Contextò. Chapter 8 explains the 

third step of the framework, which is ñCreation of the Visualizations according to the 

Visual Taxonomyò. Chapter 9 is about the fourth step of the framework, which is 

ñValidation Processò. This chapter includes the studies of pilot user tests, the expert 

evaluation, the final user tests and summary of all. In Chapter 10, which is the last 

step of the framework, ñGuidelines for the Final Visualizationsò are given. Chapter 

11 provides the conclusions related to the proposed framework and includes 

suggestions for future work.  
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CHAPTER 2 

 

 

OVERVIEW OF RELATED GEOVISUALIZATION  CONCEPTS 

 

 

 

An interdisciplinary approach is required for this thesis study, because it aims to 

suggest a solid and useful framework for visualization of information for 3D 

geospatial environment. Hence, innovative strategies and methods from the 

disciplines of cartography, human computer interaction (HCI), and cognitive science 

are overviewed. The reason for considering cartography is that it is an old discipline 

and closely integrated with Geographic Information Systems (GIS). In cartography 

solid theories exist and they can be considered for maintaining fundamental bases for 

current geovisualization concepts. HCI and cognitive science are directly used in 

user-centered studies and they are essential disciplines for creating effective 

information visualization. This chapter consists of three main parts. In the first part, 

main cartographic theories for geovisualization are summarized. In the second part, 

important concepts from HCI and cognitive science are discussed for effective 

geovisualization. In the last part, the studies related to geovisualization for Disaster 

Management (DM) are expressed and the gaps are stated.  

 

2.1 Cartographic Theories for Geovisualization 

It constitutes many theoretical and practical foundations of GIS. It is traditionally 

defined as the art and science of creating maps, but in reality it can be best defined as 

a craft combining knowledge from graphic design and mathematics (Muehlenhaus, 

2010). In order to develop information spaces, many methods can be inspired from 

old cartographic processes such as generalization, simplification, map projection and 

map scale generations. Information visualization can benefit from cartography, 
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because information spaces are based on spatial metaphors such as location, distance, 

region, scale, etc. (Fabrikant and Skupin, 2005).  

The cartography cube created by MacEachren (1994) is a simple structure 

conceptualizing the level of user interaction, the type of environment and the aim of 

the interaction considered in the visualization (Figure 2-1). This cube, which was 

proposed in 1994, considers the user interaction with 2D map and it also still gives us 

a clear understanding of the userôs interaction with geospatial information. In this 

cube, human-map interaction is the degree to which the user can manipulate a map; 

presenting unknowns and revealing unknowns are related to the goal of the user, 

which means presenting and discovering respectively; public and private are the 

degrees of the presentation to a specialized audience. According to MacEachren 

(1994), visualization is visual thinking and communication is visual communication. 

Therefore, MacEachren (1994) argues that cartographic visualization is a private 

activity in which unknown facts are revealed in a highly interactive environment. In 

contrast, cartographic communication is a public activity in which known facts are 

presented in a non-interactive environment  

 

 

Figure 2-1: Cartography Cube, MacEachren (1994) 
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Bertin (1967/1983) is the first cartographer that sets off fundamental visual variables 

for visualizing spatial information. The variables he proposes are size, value 

(brightness), color, position (dimensions on the plane), orientation, texture and 

shape. He defines position as planar variable and the others as retinal variables. 

ñBertinôs Variablesò, which is covered in his book of ñSemiology of Graphicsò, is 

one of the focus points of this thesis. His theory, which is related to visual variables, 

is one of the most known and discussed theories by cartographers, cognitive 

scientists and researchers of information science. It is a flexible and expandable 

theory that all the disciplines considered for this study can connect well.  

According to Bertin (1983), visual variables have five characteristics, which are 

being associative, selective, quantitative, ordered and the length of the variable. He 

introduces shape, orientation, texture, hue and position as associative visual 

variables (Bertin, 1983). According to Bertin (1983), a visual variable is associative 

if marks that are unlike can be grouped according to a change in an associative 

variable. Size and value are dissociative. A visual variable is selective if a mark 

changed in this variable becomes easier to select than the other marks. All the 

variables except for shape are selective (Bertin, 1983). A visual variable is 

quantitative if the relation between two marks differing can be seen numerically. The 

variables of position and size are quantitative. A visual variable is ordered if 

changes of this variable can be seen in an ordered manner (Bertin, 1983). Position, 

size and value are said to be ordered. The length of a visual variable is the number of 

changes that is supportable (Bertin, 1983). For example, shape is the longest and can 

have an infinite variety. However, orientation is the shortest because confusion may 

occur if more than four levels are used (Electronic Visualization Laboratory, 2012). 

Bertin defines mark as point, line, area, surface or volume (Bertin, 1983). 

Visualization in geospatial terms, the implantations of Bertinôs variables as point, 

line and area can be seen in Figure 2-2. As 3D visualizations are not considered by 

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 al. (1999) state that the dichotomy of visual 
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response to a visual variable (eg. variableôs being selective or non-selective) is strict. 

Their tests reveal that there is a continuum between two ends. They state that 

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

Bertin creates the syntactics that each variable is defined as acceptable or 

unacceptable according to the visualization of the measurement scale of data where 

they are categorized as numerical, ordinal and nominal. The syntactics related to the 

level of measurement for the graphic variable can be seen in Figure 2-3. According 

to this syntactics, for numerical data, location and size are acceptable, whereas 

value, texture, color, orientation and shape are unacceptable. For ordinal data, 

location, size, value, texture and orientation are acceptable, while color and shape 

are unacceptable. For nominal data, location, color and shape are acceptable, but 

size, value, texture and orientation are unacceptable.  

 

 

Figure 2-2: Bertinôs Variables (In MacEachren, 1995, p.271) 



 11   
 

 

Figure 2-3: Bertinôs variable syntactics related to level of measurement to graphic 

variables (In MacEachren, 1995, p.272) 

 

Bertin does not mention saturation, although he proposes value and color (hue). 

Morrison (1974) proposes nine visual variables and includes saturation because 

computer visual technologies allow three of them. Morrisonôs syntactics related to 

the level of measurement for graphic variables can be seen in Figure 2-4. He does not 

specify syntactics for the variable of location. Morrison (1974) uses the terms 

useable and impossible instead of acceptable and unacceptable. He also coins an 

intermediate term which is possible. He offers using color separately in the format of 

hue, saturation and value. Instead of location, he uses the variables of 

arrangement and orientation. According to the syntactics that he creates for the 

effective visualization of ordinal data, size, color value, color saturation, texture 

are useable, color hue, pattern arrangement and pattern orientation  are possible; 

however, shape is impossible. Although size, color value, color saturation are 

impossible, pattern texture is possible and shape, color hue, pattern arrangement 

and orientation are useable. 

Other examples of visual variables studied are structure or pattern arrangement 

(Muehrcke and Muehrcke, 1992), abstract sound variables (Krygier, 2004) and 

focus (effect of fading, blurring or fuzziness) (MacEachren, 1992). MacEachren 

(1992) adds three variables, namely crispness, resolution and transparency. 

Crispness and resolution together form the term focus. Crispness deals with the 
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sharpness of detail in the spatial information, and resolution deals with the spatial 

precision change. The syntactics related to them can be seen in Figure 2-5. He 

defines the levels of effectiveness as good, 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 and arrangement are marginal for visualizing nominal data.  Slocum 

et al. (2001) add spacing and perspective height.  

 

Figure 2-4: Morrisonôs Variable Syntactics Related to Level of Measurement to 

Graphic Variables (In MacEachren, 1995, p.275) 

 

             

 

Figure 2-5: Syntactics Related to Level of Measurement to Graphic Variables (In 

MacEachren, 1995, p.288) 
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Bertin (1967) has a negative approach to dynamic maps as he states that movement is 

dominant and distracts all attention from the other variables. However, some 

researchers are against this statement. DiBiase et al. (1992) found that movement 

would reinforce the traditional graphical variables. DiBiase and MacEachren (1992) 

introduced the dynamic variables, which are duration , frequency, display time, 

order and rate of change and synchronization.  

There are many recent examples related to the ñBertinôs Variablesò as well. For 

instance, Fabrikant and Skupin (2005) focus on a cognitively plausible strategy for 

data generalization which is composed of semantic generalization and geometric 

generalization and they use visual variables. According to Swienty et al. (2006), GIS 

vendors need to incorporate more graphical and map making tools and consider the 

variables; transparency, motion and focus. Jobst et al. (2008) explore new potential 

methods for representing 3D city models and discuss the incorporation of design 

mechanisms for 3D by using Bertinôs theory of graphics. They present a method of 

rendering, which shows a close relation with variables. They emphasize the need for 

usability evaluations for extended semiotic structures for 3D applications in GIS. 

Robinson (2009) presents a range of possible approaches to color highlighting in 

geospatial visualization, beginning with examples of available variables and moving 

beyond options. Garlandini and Fabrikant (2009) evaluate the efficiency and 

effectiveness of four commonly used variables, which are size, color value, color 

hue and orientation for designing 2D maps. Similarly, Dong et al. (2012) evaluate 

the efficiency and effectiveness of dynamic map symbols. Halik (2012) analyzes 

visual variables to use in the cartographic design of point symbols for mobile 

Augmented Reality applications.  

In addition, variables are ranked according to their attention guidance by Wolfe and 

Horowitz (2004). The variables color, orientation, size, luminance and shape are 

rated as undoubted and probable attributes (Figure 2-6). Color and orientation are 

undoubted attributes since they attract attention more and processed pre-attentively 

(less than 10ms). They define shape and luminance as probable attributes. 

However, they exclude motion because it is detected faster when compared to static 

attributes.  
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Figure 2-6: Undoubted and Probable Attributes (in Swienty et al., 2006) 

 

In this section, visual variables in fundamental theories are listed in the form of 2D 

by cartographers in the literature. The design mechanisms in the form of 3D are 

discussed in Chapter 8. 

 

2.2 Human Computer Interaction and Cognitive Science Concepts for 

Geovisualization 

The increasing usage of possible computer and mobile tools let the discipline of 

Human Computer Interaction (HCI) be considered during the design process of 

geovisual environments and their interfaces. User-centered techniques are utilized 

and evaluated in many researches in the context of geovisualization. However, in the 

case of geovisualization, user goals are general and there is a high level interaction 

with information. The typical usage is hard to define (Marsh, 2007). The users of 

GIS interact with the information that is gathered from different disciplines. In this 

thesis study, the target userôs manner of interaction with the visualization of 

information may be a deep exploration, analysis and discovery, or it can just be a 

simple visual presentation of the information.  

Creating a successful user-centered design 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 analytics (usability.gov, 2015). User-centered 

design is a design process in which the needs, limitations and requirements of end-
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users are taken in to account to shape the design of the product. User-centered design 

approach can include a variety of user research methods 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 users. This is called participatory design (co-creation), 

which uses tools such as time-line activities, diary studies, brainstorming, card 

sorting, collaging, role playing etc.   

The term of user-centered design originated in the 1980s by Donald Norman and it 

was widely used afterwards. Norman (1988) defines it as ña philosophy based on the 

needs and interest of the user, with an emphasis on making products usable and 

understandableò (p.188). He offers four basic suggestions as to how a design should 

be:  

¶ Make it easy to determine 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. 

¶ Follow natural mappings between intentions 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 design. More suggestions are 

given by other experts as well. For instance, Shniederman (1987) proposes similar 

eight golden rules. Later Nielsen (1993) creates ten general heuristics for usability 

engineering. 

1. Visibility of system status: The system should always keep users 

informed about what is going on through appropriate feedback within a 

reasonable period of time.  

2. Match between system and the real world: The system should speak the 

users' language with words, phrases and concepts familiar to the user, rather 

than system-oriented terms. Follow real-world 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 leave the 

unwanted state without having to go through an extended dialogue. Support 

undo and redo. 

 4. Consistency and standards: Users should not have to wonder whether 

different words, situations, or actions mean the same thing. Follow platform 

conventions.  

5. Error prevention:  Even better than that, good error messages are a careful 

design which prevents a problem from occurring in the first place. Either 

eliminate error-prone conditions or check for them and present users with a 

confirmation option before they commit 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 the system should be visible or easily retrievable whenever 

appropriate.  

7. Flexibility and efficiency of use accelerators: Unseen by the novice user 

- may often speed up the interaction for the expert user such that the system 

can cater to both inexperienced 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 relevant units of information and 

diminishes their relative visibility. 

 9. Help users recognize, diagnose, and recover from errors: Error 

messages should be expressed in plain language (no codes), precisely indicate 

the problem, and constructively suggest a solution.  

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 steps to be carried out, and not be too large. 

According to Travis (2011), ISO 9241-210 (formerly ISO 13407) defines 6 key 

principles for user-centered design: 

¶ The design is based upon an explicit understanding of users, tasks and 

environments. 

¶ Users are involved throughout design and development. 

¶ The design is driven and refined by user-centered evaluation. 

¶ The process is iterative. 

¶ The design addresses the whole user experience. 

¶ The design team includes multidisciplinary skills and perspectives. 

The successful design of a product must take into account the wide range of users of 

the product (Abras et al., 2004).  Therefore the users should be well defined. Once 

they are identified by researching the needs of them, designers can create solutions to 

their problems (Abras et al., 2004).  There are users other than the end users who 

finally use the product. These are the users who are affected in some way. Eason 

(1987) identifies three types of users: primary, secondary, and tertiary. Primary 

users are the end users who actually use the product. Secondary users are those who 

infrequently use the product or use it through an intermediary. Tertiary users are 

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

purchase.  

User-centered design concepts in geovisualization have been developed for the last 

decade. The usability evaluations of GIS are the main applications. They are linked 

with the integration of approaches of HCI, information science and cognitive science 

fields, but in few applications (MacEachren and Kraak 2001; Haklay and Tobon 

2003; Koua and Kraak 2004; Fuhrmann et al., 2005). In recent years, user-centered 

studies that comprehensively consider the end user needs have received considerable 

attention. These studies include the research for the needs of the users like the usage 

of geovisualization tools, decision support systems and web cartography (Tsou, 

2011; Kumar et al., 2013; Koua et al., 2006). Traditional usability metrics, namely 
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satisfaction, efficiency and effectiveness are used in some studies. For instance, 

Coltekin et al. (2009) evaluate the interactive map interfaces using traditional 

usability metrics and analyze the cognitive processing of users by examining their 

eye movements. Similarly, Brychtova and Coltekin (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 duration, and scan path 

speed and they also perform the area of interest analysis.   

Slocum et al. (2001) propose that cognitive research and usability engineering 

approaches should be considered in the context of six major research themes: 1) 

geospatial virtual environments (GeoVEs); 2) dynamic representations (including 

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 geovisualization methods. They underline that the 

traditional theories for static 2D 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 and visualization (Montello, 2005). Information 

Visualization and HCI are highly interacted with Cognitive Science. Furthermore, 

some cartographers built their research on cognitive theories such as Gibsonôs active 

perception, Gestalt theories and knowledge structures (MacEachren, 1995). It is 

known that GIS tasks include analysis, decision-making and problem solving. 

Researchers address the relation between geospatial information and cognition 

through questions such as ñhow geospatial information is learned and how this 

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

experience, maps, descriptions, virtual systems, etc.)ò, ñwhat  the most effective 

ways of designing interface for GIS areò, ñhow people understand geospatial 

conceptsò,  ñhow complex geospatial information can be depicted to promote 

comprehension and effective decision-making, whether through maps, models, 

graphs, or animationsò etc. (Montella, 2005, p.79). 

What types or which ways of visualization create minimum cognitive effort is a 

critical question. According to Kolbe et al. (2005), 3D graphical representations 
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significantly improve the workflow and efficiency of the decision-making process. 

Moreover, virtual reality techniques provide better perception and comprehension of 

complex 3D structures (Beck, 2003). ñMeanwhile, there is a further trend towards 3D 

virtual GIS. These systems can represent and handle complex 3D objects like 

buildings and allow for real-time visualization applications. The rapid developments 

in the field of computer graphics have also supported the use of 3D virtual 

components within standard GISò (Haala, 2005, p.285). It can be deduced that 2D 

traditional usage of spatial information is not sufficient for 3D environments. 

Visualization cannot be properly performed without understanding the visual 

perception. Cognitive scientists define the act of perception by two kinds of 

processes, which are bottom-up and top-down processes. During a bottom-up 

process, visual information (the pattern of the light falling on the retina) driven wave 

passes the information to the back of the brain. During a top-down process, the wave 

sweeps back to the fore brain to reinforce the most relevant information (Ware, 

2008). For instance, attention guiding visualization is a bottom-up oriented process. 

Bottom-up processes are driven by information from the outside world. One of the 

strongest articulations of the bottom-up process is given by Gibson (2002), who 

proposes a theory of direct perception. He states that the outside world provides 

sufficient contextual information for our visual systems to directly perceive what is 

there and it is not influenced by higher cognitive processes. However, visual 

exploration requires existing knowledge, current goals and prospects; therefore, it 

can be regarded as a top-down process (Swienty et al., 2006). In other words, with 

top-down process perception of information is guided by peopleôs prior knowledge, 

goals and expectations. 

Bottom-up and top down processes are also defined as stimulus-driven and goal-

directed. As explained by Corbetta and Shulman (2002), different attentional 

functions occur in different part of the brain areas. According to them, in goal-

directed one, the intraparietal cortex and the superior frontal cortex are involved. In 

stimulus-driven one the temporoparietal cortex and the inferior frontal cortex are 

included and this system is largely localized to the right hemisphere. This 

localization is not involved in goal-directed selection.  This system is related with the 

http://en.wikipedia.org/wiki/J._J._Gibson
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detection of relevant stimuli, particularly when they are salient. In this thesis, during 

the preparation of user tests and the analysis of saliency maps and eye tracker heat 

maps, bottom-up and top-down processes are considered (Chapter 9). 

 

2.3 Visualization for Disaster Management 

Natural disasters have caused deaths of millions of people and huge economic losses 

over the history. Effective DM strategies are needed in order to minimize the losses 

especially in vulnerable areas. Today, cities in the world are growing at a fast pace 

and naturally the vulnerabilities increase due to the growing complexity of the urban 

processes. Therefore, natural disaster risks in urban areas have become higher as the 

elements at risk in urban areas and their interaction in urban processes are growing 

steadily.  

In order to assist the DM, researchers propose many frameworks using GIS-based 

technologies. Uitto (1998) proposes a framework, which uses GIS for DM 

considering the Disaster Vulnerability concept. In the proposed framework, urban 

vulnerabilities are calculated especially for megacities. The study is one of the 

pioneers for natural hazard risk assessment with a consideration of social 

vulnerability. Herold et al. (2005) outline a framework for establishing an online 

Web-based Spatial Disaster Support System (SDSS). The reason for developing the 

SDSS is that real-time disaster data could be accessed and shared easily, 

inexpensively and in a straightforward manner during various stages of a disaster life 

cycle.  

Zlatanova and Holweg (2004) provide an overview of Emergency Response 

Management (ERM) and outline different types of end users which are the decision 

makers of ERM system/products who can use the system mobile, using web/desktop 

and virtual environment. Further, Zlatanova et al. (2007) suggest an Emergency 

Response Framework (ERF). A 3D spatial information perspective is used to 

evaluate the technical necessities of multi-risk emergency response systems. The 

suggested architecture covers data management and communication subjects of 

problem areas.  Similarly, Friedmannov§ et al. (2006) outline the heterogonous user 
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groups of DM. Different groups vary according to their roles, skills and knowledge. 

Each group can be described by ontology, the list of tasks, the spatial extend of 

authority and the place of operation. Therefore, they suggest that adaptive 

cartography can be considered for DM to make proper visualization according to 

situation, purpose and usersô background.  

Geographic visualization with the usage of information technology enhances the 

decision-making process by clarifying the realities of a disaster more clearly and help 

the DM specialists formulate better decisions quickly (NRC, 2007). In recent years, 

new developments in geographic information technologies provide new methods and 

platforms that enable innovative visualization of geospatial information. Among the 

possible platforms, 3D virtual environments are increasingly preferred. 3D 

visualization has a great potential for being an effective tool for communicating 

disaster risk at each phase of the decision-making process in DM (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 

approaches that are applied to various domains is conducted. The survey is 

conducted using a three dimensional framework, which is named the Reference 

Model framework for the application of Visualization Approaches. The Domain 

Context, Descriptive Aspects and Visualization Approach constitute the three axis of 

the proposed framework. Sapaz and Isler (2006) put three transportation visualization 

examples to the reference model of Gouin et al. (2002). An organizational and 

theoretical gap is distinguished through the approach of Gouin et al (2002). 

Isikdag and Zlatanova (2009) propose a framework for automatic generation of 

buildings in the City GML using Building Information Modeling (BIM). The 

framework defines the procedure of automatic building generation in a three-stage 

flow. In the first stage, the rules for generation are defined for semantic mapping of 

BIM classes to the City GML. The second stage includes geometric simplification 

rules, and in the third stage, the rules for the transformation of attribute information 

are defined. Hizaji et al. (2010) propose a framework for integrating the 3D BIM 

utilities network data into a GIS-based system of water utilities maintenance 

operations and management. Like the proposed framework, this study also utilizes 
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the City GML as a base model to provide an integrated ontology covering the BIM 

and GIS model concepts.  

Most current GIS-based DM systems for different types of disasters have been 

developed by 2D GIS with 3D visualization systems (Lee and Zlatanova, 2008). 

Studies that specifically contributed a method or framework for 3D Visualization in 

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

3D model that aims to calculate available evacuation routes. Similarly, Lee and 

Zlatanova (2008) focus on developing a 3D data model to represent urban-built 

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 rule-based approach that derives the 

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 vulnerabilities in DM. 

Shen et al. (2010) create a method for extracting the building attributes of a disaster 

area from high-resolution remote sensing images. 3D visualization of the buildings 

they created is feasible, reliable and advantageous to show the damage area and the 

damage grades of the buildings for decision-making. A study that proposes a 

framework for 3D visualization using the City GML standards was conducted for 

DM by Keme­ et al. (2010). Based on the disaster type, the needed Level of Detail 

(LoD) for a 3D model is derived, which is then linked to the time needed to process 

the data and obtain the required LoD. The LoD is compliant with the 3D 

international standard of the City GML. The framework is designed to serve risk 

managers and to help them make a better selection for 3D model representations. 

These studies use the technological advances and propose theoretical framework 

accordingly. However, they lack in considering the user requirements and 

incorporating them into designs.   
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CHAPTER 3 

 

 

BASIC CONCEPTS OF DISASTER MANAGEMENT  

 

 

 

ñDisaster Management (DM) can be defined as the organization and management of 

resources and responsibilities for dealing with all humanitarian aspects of 

emergencies in particular preparedness, response and recovery in order to lessen the 

impact of disastersò (IFRC, n. d., #2). World Health Organization 

(WHO/EHA/EHTP) (1998a) classified disasters as natural and man-

made/technological disasters. Natural disasters can be meteorological such as 

hurricanes, tornados, floods, drought; topographical such as landslides, avalanches; 

tectonic and telluric such as earthquakes and volcanic eruptions; biological such as 

epidemics and infestations. Man-made or technological disasters can be industrial 

disasters, nuclear or chemical accidents, wars, structural failures and fire 

(WHO/EHA/EHTP, 1998a). No matter what type the disaster is, its management 

involves certain general principles according to the phases of the disaster. Hence, in 

this chapter, the concepts of Disaster Management are briefly explained.  

 

3.1 Disaster Management Cycle 

The phases of DM can be grouped under two main headings. These are ñEx-Ante 

Strategiesò, which are conducted pre-disaster, and ñEx-Post Strategiesò, which are 

conducted post-disaster (Government of Japan, World Bank and GFDRR, 2012; 

Gutmann, 2011). The phases of DM are tightly connected to each other. Therefore, 

actions or decisions made in one phase are expected to affect another phase. They 

cannot be defined as separate phases happening in sequence. Hence, they should be 
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considered as parts of a cycle which occur in different temporal phases in an 

overlapping manner.  

Ex-Ante Strategies cover pre-disaster phases which are risk assessment, risk 

avoidance, mitigation, risk transfer and preparedness and warning and evacuation. 

Ex-Post Strategies include post-disaster phases which are response, recovery and 

reconstruction (Figure 3-1).  

 

 Figure 3-1: Disaster Management Cycle  

 

3.2 Disaster Management Phases 

Ex-Ante Strategies, which are pre-disaster phases, cover risk assessment, risk 

avoidance, mitigation, risk transfer, preparedness and warning and evacuation. Risk 

assessment is the first phase in an effective DM process. Risk in DM is defined as the 

expected losses such as deaths, physiological injuries, psychological traumas, and 
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property loss caused by a specific hazard in a specific location for a specific time 

period. ñObjective of risk assessment is to quantify potential damages and losses due 

to the future earthquakes (consequences) and their probabilities of occurrence in a 

given period (likelihood)ò (OPUS, 2005, p.3). Risk is derived from the variables 

hazard, exposure and vulnerability (WHO/EHA/EHTP, 1998b; WMO, 2002; ADRC, 

2005; Government of Japan, World Bank and GFDRR, 2012).    

Hazard assessment involves defining the nature, intensity, location and probability of 

the occurrence of hazard(s) (likelihood) in a specific area for a given period of time 

(UNDP, 2010). For example, hazard analysis for earthquake includes the 

identification of earthquake sources, modelling of earthquakes occurrences from 

these sources, the estimation of the attenuation of earthquake motions, the evaluation 

of the side effects of soil amplification, liquefaction, landslide and surface fault 

rupture (OPUS, 2005). Exposure assessment is used to understand the elements at 

risk. It refers to the inventory of population and assets in a given area in which 

hazardous events may occur (UNDP, 2010). Vulnerability assessment is to define the 

capacity of elements at risk for given hazard scenarios (UNDP, 2010). These three 

variables form the main triangle of risk assessment (Figure 2). Then, damage 

estimation is performed to understand the impact of the disaster on the community. 

During this step, the estimation of damage in elements at risk from earthquake 

motion or post-earthquake fires is calculated. (OPUS, 2005). The next step covers 

loss estimation and analysis in order to find potential direct losses of exposed 

population, property, services, livelihoods and environment, and to assess their 

indirect impacts on society (UNDP, 2010). Afterwards, risk profiles are generated 

and evaluated. Once the current and acceptable levels of risk are determined, disaster 

risk reduction plans and strategies could be revised or developed (Figure 3-2) 

(UNDP, 2010).  

A comprehensive risk assessment not only covers the steps from hazard assessment 

to loss assessment but also provides a full understanding of the causes and the impact 

of those losses (UNDP, 2010). Thus, the process of risk assessment includes the 

technical features of hazards and probability as well as an analysis of physical, 

social, economic and environmental dimensions of vulnerability and exposure 
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(ISDR, 2004). Therefore, risk assessment is one of the key elements of a Disaster 

Management strategy and provides decision makers with information that is useful 

for all the stages of the DM cycle. Risk assessment seeks for the computed risk being 

acceptable or not, what objects or areas are at risk, what the capacities and resources 

are, and how the risk could be mitigated or reduced (Keme­, 2011). Risk assessment 

is the most fundamental step and thus it affects all the decision making processes in 

DM.  

 

Figure 3-2: Steps of Risk Assessment 

 

If the evaluated risk is too high and unacceptable, even with a partial reduction in 

likelihood, total avoidance is the only solution. This phase is called risk avoidance 

(Coppola, 2007). An example of a risk avoidance strategy can be moving people and 

assets out of high risk areas. The phase of risk mitigation covers long term strategies 

for minimizing or reducing the harmful effects of disasters and their impacts 

(Herrmann, 2007 and UNISDR, 2004). For example, improvements of building 
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practices, upgrading bridges and other lifelines, education of homeowners are typical 

risk mitigation strategies. Risk transfer is the phase in which the reduced risk is 

accepted but the consequences of risk can be transferred. The financial consequences 

of risk is generally transferred from one party to another since household, 

community, enterprise or state authorities obtain resources from the other party after 

the disasters occur. The second party benefits from ongoing or compensatory social 

or financial supplies (UNISDR, 2004). This way the consequences of risk are diluted 

to a larger group of people that handles an average consequence (Coppola, 2007). A 

well-known example of risk transfer is insurance. The phase of preparedness 

includes plans or arrangements to enhance disaster response operations and to 

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 

applicable warning and evacuation system for earthquakes, this phase involves the 

provision of timely and effective information for individuals who are exposed to 

hazard so that they can take necessary precautions (ISDR, 2004).  

Ex-Post Strategies deals with post-disaster phases, which involve response, recovery 

and reconstruction. In the phase of response, actions are carried out to reduce or 

eliminate the impact of disasters such as saving life, prevent suffering, reducing 

financial losses etc. (Coppola, 2007). Recovery phase focuses on the stabilization and 

return of the exposed community to its pre-impact status (Herrmann, 2007). Lastly, 

reconstruction phase involves an in-depth assessment and prevention of new risks, 

and measures for local communities to get back on their feet (European Commission, 

2010). 

In this thesis study, the disaster type to be studied is chosen as the ñEarthquakeò. The 

main reason for this choice is that earthquake is the most powerful natural disaster 

that has caused loss of life and property in Turkey (Erg¿nay et al., 2013). Therefore, 

DM projects in Turkey are mainly related to earthquake. Moreover, it is known that 

earthquakes affect large populations in the urban areas in the world. ñIn the past 

decade, earthquakes caused more than 780,000 deaths - almost 60% of all disaster-
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related mortalityò (BBC News, 2011, #6). Therefore, effective 3D visualization can 

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 create effective 

DM-related information visualization in 3D Environment based on a user-centered 

approach. The framework is developed for four types of target users. These are 

designers, who perform visualizations for Disaster Management (DM), researchers, 

who study geovisualization, GIS vendors, who provide tools and modules for 

geovisualization in GIS software, and the end users, who are DM decision makers.  

The proposed framework serves the designers, who aim to develop a comprehensive 

approach about creating effective and efficient visualizations for DM decision 

makers. These visualizations are generally performed by researchers in research 

institutions and DM specialists in governmental and private organizations who are 

mainly earth scientists, engineers, GIS experts and mapping specialists. The 

systematic approach in the framework can give insights to researchers of 

geovisualization. The framework can be adaptable to any other domains that include 

decision making processes. Specifically, the researchers who study user experience 

design for geovisualization can use the guidelines and follow the steps of the 

framework. The GIS vendors, who decide to build a specific module for Disaster 

Management in their GIS software, can create tools according to the given guidelines 

in the framework. This module can be prepared separately or be imported to the 

software as well. The module can be named as DM tools.  

The most important target users are the end users, who are the decision makers in 

DM. They are the users who interact with the final visualizations generated 

according to the proposed framework. Two types of decision makers are taken into 

account; these are executive level decision makers who are mainly administrative 
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staff that develop strategies, and DM specialists and researchers who mainly explore, 

analyze and present information to the executive level decision makers. With this 

framework, it is expected to obtain an increase in the effectiveness and efficiency of 

DM decision-making processes. In the framework, end users are active both in the 

step ñExploration of User Requirementsò and the step ñValidation Processò.  

The proposed framework consists of five main steps, namely ñExploration of User 

Requirementsò, ñDefining the Context to be Visualizedò, ñCreation of the 

Visualizations according to the Visual Taxonomyò, ñValidation Processò and 

ñGuidelines for the Final Visualizationsò (Figure 4-1). 

 

 

Figure 4-1: The Steps of the Framework 
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The first step in the proposed framework is ñExploration of User Requirementsò 

(Figure 4-1). This step involves interviews of various end users from different phases 

of DM and different organizations such as academia, civil society organizations, 

governmental organizations and financial institutions. For this purpose, an interview 

method is used and 20 end users are interviewed at their places. One interview takes 

approximately 45 minutes. With the help of the interview questions, the usersô 

profiles are identified, including data on their profession, job title, team workers (if 

any), experience and foundation. Also, their scope, main decision processes, and the 

scenarios considered, the city objects and attributes visualized and the visualization 

tools used are generated. What kind of problems they encounter during their analyses 

as to the visualizations, what they expect from the visualization of geospatial 

information in a 3D city model, and what kind of tools they need are questioned as 

well. The details of this step can be seen in Chapter 6.  

The second step is ñDefining the Context to be Visualizedò (Figure 4-1). In this step, 

the scenarios, city objects and the attributes of scenarios they work are analyzed. 

Highlighted scenarios, city objects and attributes are defined. The statements of the 

users related to standardization and 3D city modeling are analyzed. According to 

usersô explanations, a Hierarchical Task Analysis is carried out and the hierarchical 

structure between the phases and their tasks are described. According to this analysis, 

as the phases change, their scenarios differ as well. Therefore, the objects and 

attributes on which they focus differ. In other words, for each scenario, the city 

objects, possible attributes of the objects and the decision makers become different. 

According to Hierarchical Task Analyses, the fundamental phase is considered as 

risk assessment. All the Ex-Ante (pre-disaster) phases of DM, which are risk 

assessment, risk avoidance, mitigation, risk transfer and preparedness, are connected 

to this phase. Therefore, a scenario used in risk assessment is decided to be tested in 

this thesis study. The scenario that is used in the case study is decided to be 

earthquake Risk Prioritization, which is risk scoring of the Buildings according to 

certain criteria. Therefore, the main city object is decided to be Building and the 

attribute to be visualized is selected as total earthquake risk of the Building. Further 

details can be seen in Chapter 7. 
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The third step in the framework is ñCreation of the Visualizations according to the 

Visual Taxonomyò (Figure 4-1). A Visual Taxonomy is generated in this way. The 

Visual Taxonomy has three dimensions, which are Measurement Scale, Visual 

Variable and Level of Detail (LoD). Each visualization of an attribute of a city can 

be defined as a point placed in this taxonomy. In this step, different alternative 

visualizations of risk on the buildings are prepared. The risk is visualized as ordinal 

data (low, medium and high risk). While doing this, the suggestions of Bertin, 

MacEachren and Morrison on visualizing ordinal data with visual variables are 

considered. However, 3D mechanisms differ from 2D as they include global 

properties such as lighting, shadows, shading, background and atmospheric 

properties and view properties such as camera and projection properties. Therefore, 

these are analyzed in a systematic manner. The global properties are set fixed for 

alternative visualizations created during the thesis study. The viewing angle is also 

fixed. However, zooming levels are differed according to LoD of the visualizations.  

The fourth step is ñValidation Processò, where the visual alternatives are evaluated. 

Based on the Visual Taxonomy, the risk attribute is visualized on the city object 

building in three different LoDs using the effective 2D visual variables suggested by 

the cartographers for ordinal data. The alternative visualizations are evaluated by the 

pilot user tests and expert evaluation in a workshop. Then, some alternatives are 

eliminated and new ones are generated. After the elimination, the new visualizations 

are tested with real users through a test procedure that considers short-time and long-

time response to the visualizations as human perception differs with time (Chapter 9). 

Saliency maps that are generated upon the Itti -Koch Model are compared with eye 

tracker heat maps of the final user tests. This comparison is suggested to be a 

comparison of the usage of the variables when bottom-up (with saliency maps) and 

top-down (with heat maps) decision-making processes are in progress. All the results 

are analyzed and are discussed.  

The last step involves ñGuidelines for the Final Visualizationsò, where the most 

effective, efficient and usable set of risk visualizations of the buildings in 3D city 

model is determined. The final visualizations are generated and the guidelines 

referencing the Visual Taxonomy are given (Chapter 10). 
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CHAPTER 5 

 

METHODS CONDUCTED WITH THE END USERS AND VISUALIZATION 

EXPERTS 

 

 

 

This chapter introduces briefly the methods conducted 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 are the most 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 is ñExploration of the User Requirementsò a structured 

interview method is conducted. The questions of the interview are planned before the 

interview sessions and same questions are asked to each participant (Appendix A). 

The main aim is to learn deeply about profiles and roles of the participants, decision 

making processes in Disaster Management (DM) and their first impressions about 

visualization of DM related information. Interview method is a qualitative method 

and advantageous 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 during their decision making processes. The participants are 

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

Participants of the interview sessions are the end users who are the decision makers 

of DM. 20 participants are interviewed at their premises. The 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 processes. The participants are aware of the 3D visualization for 

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

during their routine work. The details of the participants are given in Chapter 6. 

 

5.1.2 Materials 

During the interview, the recordings are made using iPhone 5. Also, the answers are 

noted to the sheets. The simulation shown to the participants is generated in 

Windows Media Player in laptop. The questionnaires are given to the participants as 

paper sheet format.  

 

5.1.3 Procedure 

Each interview takes approximately 45 minutes. Each interview is composed of two 

parts (Appendix A). In each interview, a simulation of 3D 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 

their attributes. The details are given in Chapter 6. 

 

5.2 Pilot User Test (In Step 4) 

User tests are conducted both with the experts and end users. User tests are 

conducted after the alternative visualizations are created. This test method is 

quantitative and conducted in controlled manner. Pilot user tests are conducted with 

visualization experts. The experts are mainly deal with visualization especially 

geovisualization. Pilot tests are conducted for two main reasons. First reason is to 
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gain positive and negative feedback from the experts who perform geovisualization. 

The results of these tests which are response time and accuracy are considered in 

Step 4 which is ñValidation Processò. In pilot user tests low level of cognitive 

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 intuitive. The second reason is that as these user 

tests are pilot tests and if problems occur better test procedure in the final user tests 

which are done with end users can be created. For instance, in this thesis study, the 

user tests are extended to include a second part in the final user tests.  

 

5.2.1 Participants 

30 visualization experts participate to the tests.  Half of the test sessions are 

conducted with the experts who deal with risk and uncertainty visualization who are 

the participants of Vienne at Risk and Uncertainty Visualization Workshop, held in 

23 September, 2014. The other half of the sessions is conducted in Ankara, in 

October 2014 with Turkish visualization experts.  

 

5.2.2 Materials 

The visualizations are created in 3Ds max and rendered in jpeg format. The visual 

variables in the pilot user test visualizations are saturation, brightness, pattern, 

transparency, blur , size (of an abstract object), hue, self-illumination  (for LoD 

2). 28 images are embedded to Open Sesame program which is a behavioral analysis 

program. In each visualization, three buildings in three different Level 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 participants used 

keyboard to press their decisions. In each visualization, global properties are fixed. 

Further details are written in Chapter 9.  

 

5.2.3 Procedure  

The pilot test procedure is very similar to the 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 a demo test to get used to the keyboard. Each visualization is presented to 

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 a broader and deeper feedback from the 

visualization experts. Because, the pilot user tests with the experts provide 

quantitative results. Expert evaluation is performed in a workshop format. The reason 

is that in the sessions, there is a discussion part where the presented alternative 

visualizations are evaluated. There is a creative activity that experts are asked to 

create their 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 and new designs can be generated.  

 

5.3.1 Participants 

Five experts who 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.  

 

5.3.2 Material s 

In the first session, laptops are provided to the participants and the visualizations are 

prepared in the folders on their desktop. Sheets are given to the participants for to 

evaluate the effectiveness of the visualizations. The sheets are in A3 format because 

all of the participantsô sheets are hanged on the board after they evaluate them for the 

discussion. In the second session, Legos, drawing pencils, papers, printouts of 

abstract objects are given. All of the sessions are recorded with video. Participants 
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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 shared. Eleven types of visual 

variables for the expert evaluation are defined for 3D environment. The list includes 

hue, saturation, brightness, self-illumination  usage with hue, saturation and 

value, transparency, pattern, pattern usage with transparency, blur, size usage 

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

variables are selected is explained in Chapter 9 in detail. 

 

5.3.3 Procedure 

At the beginning, a brief explanation about the thesis topic and what has been done 

up to that time is presented. Afterwards, the participants are asked to introduce 

themselves. The first session is related to the evaluation of the alternatives. It takes 

approximately 70 minutes with the discussions. Alternatives are presented in 

different zooming views in their laptops. The experts are asked to evaluate them 

according to seven scales of effectiveness. During the second session, the experts are 

asked to create their own alternatives using Legos, drawing pencils, papers, printouts 

of abstract objects. This session also takes about 70 minutes with the discussions. 

Photographs from the workshop can be seen in Appendix E.  

 

5.4 Final 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 University. 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 

quantitative data. Qualitative 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. Therefore, the way they percept the visualizations is important.  
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5.4.1 Participants 

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 foundations. The users are 

separated into two groups 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.  

 

5.4.2 Materials 

During the tests, a desktop computer and Tobii X120 eye tracker are used. The 

sessions are recorded using the software Morea Recorder 3.0. Also a USB camera is 

used. The users are asked to sign a consent form before the tests. The visualizations 

are again prepared in Open Sesame Program; however Open Sesame files are 

embedded in Tobii eye tracker software. In the first part, the images of three same 

buildings and fixation dot are embedded into the software and shown to the 

participants every five seconds. Each image has the dimension of 640x480 pixels. In 

each image, risk visualization is created using different variables. Eight types of 

variables are used during the first and second parts which are brightness, 

saturation, hue, transparency, blur , contour, self-illumination -hue and abstract 

object-hue. Brightness and saturation are used with both blue and red. Two 

different types of background are used, which are satellite view and map view in the 

second part. 

 

5.4.3 Procedure 

Each test is performed individually and each session takes approximately 40 minutes. 

At the beginning of the test sessions, participants are asked to perform a demo test. 

The main reason behind this is to make the participants get used to the keyboard keys 

and mouse clicking while 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 details about the test. 
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The tests are composed of two parts and 10 minutes discussion part. 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 the highest risk according 

to the image. The participants are asked to press the key immediately 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 second 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 having high risk, some of them medium risk and some of them low risk. 

The participants are informed that each visualization is prepared according to an 

artificial  data, no real calculations are considered for determining each risk level 

Participants are asked to click on any building which they think is from the highest 

risk range. There is no time limit in this part; therefore, 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 

participants who 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 more 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 framework. The aim of this step is to 

understand the end userôs general opinion about visualization in 3D environment and 

what they need to visualize in this environment using of which scenario and phase.  

It starts with explaining the procedure for analyzing end usersô requirements. This 

step can be considered as the starting point. The second step is ñDefining the Context 

to be Visualizedò in the designed 3D city model and comes after this step. Therefore, 

this step can be considered as a basement for providing the definitions of the 

scenario, city objects and attributes to be visualized. As it is stated in the previous 

chapter, the end users are the decision makers of Disaster Management (DM). In the 

beginning, there is no specific scenario of a DM phase that is considered to be 

studied for the thesis study. Therefore, all types of users from DM phases that deal 

with different scenarios are considered as users.  However, to underline for the 

researchers who follows this framework, it would be possible to study with the users 

with a defined scenario. 

The interview and questionnaire methods are used in this step. Profiles and roles of 

the end users are investigated through these methods. The profile is the userôs job 

title, experience (in years), foundation, profession and co-workers. The role is his/her 

scope, DM phases that he/she studies, main decision processes, the tools he/she uses, 

scenarios he/she studies, city objects and attributes that he/she wants to see in the 3D 

city model visualization. At the end of each interview, a short simulation of a 3D city 

model is presented.  
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6.1 The Procedure of User Requirements Exploration 

User requirements are established under two main headings; profile and role. Profile 

of each user is examined by defining user's job title, profession, experience in 

Disaster Management, department and foundation worked and coworkers. Roles of 

the users are specified by defining the scope of userôs study/work, in which the users 

are active in DM phases, main decision processes gone through, the tools used, the 

highlighted scenarios studied, city objects and attributes considered in the decision 

processes.  

Interview method is used to understand the needs of users. 20 users are visited at 

their premises. The average time which the users are allocated for the interview is 

about 45 minutes. During the interviews, the aim of the thesis study and a general 

description about the interview is conveyed to the users. Beside the interviews, usersô 

working routines, working environments and conditions are observed and noted. The 

interview questions are composed of three parts (Appendix A). The first part includes 

general questions in order to understand the profiles of the users and their working 

routines. The second part is about the roles of the users, decision processes in detail, 

phases and the steps considered in DM, analyses, tools and visualizations required 

during decision processes. The second part is of great importance in order to 

understand the required tools and visualization methods. In the last part, a 

perspective animation of a 3D city model is presented. The city model includes 

textured buildings, transportation, terrain and vegetation. However, the model is not 

a finished product. Therefore, it is explained to the users that the model is a prototype 

and still in the design process. With the questions in this part, it is aimed to 

understand whether the users can take advantage of 3D Environment during the 

decision process. Which city objects and attribute/information are needed to be seen 

in the environment is discovered by conducting evaluation surveys (Appendix A). 

One of the surveys includes the list of possible city objects to be visualized in a 3D 

model. During the preparation of the list, the City GML objects are the main 

reference. The users are asked to choose the city objects that they want to see in the 

model and state how important (high, mid, low) the objects are to them. Also, they 

are asked to add the objects that are not in the list. The second survey is to identify 

the list of object attributes considered (Appendix A). The usersô answers to the 
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questions are gathered under the headings specified in the first step of the 

methodology. These specifications can be found in Appendix B and Appendix C. 

The city objects preferred in the model are described according to the main scenarios 

analyzed during the decision process. Main decision processes and scenarios of the 

users are listed in Appendix C. With the help of the evaluation surveys, the level of 

importance for each object is obtained. 

 

6.2 Exploration of the User Profiles and Roles 

The users actively work in different phases of DM. The user profile is composed of 

users from all phases of Disaster Management, from risk assessment to 

reconstruction. Mainly they are active in more than one phase. For instance, user 11 

is active in both preparedness phase and response phase. Similarly, user 16 is active 

in both risk avoidance phase and reconstruction phase. As seen more clearly from 

Figure 6-1, most of the users are the decision makers of Ex-Ante Strategies and most 

of them are active in risk assessment phase. For example, while user 4 is only 

responsible for risk assessment, user 13 is active in risk assessment and also active in 

further phases such as mitigation, response and recovery. As it can be understood 

from the interview results, the users do not often work individually. They perform 

group projects and generally make decisions collaboratively.  

 

Figure 6-1: Users according to Phases 
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The end users are grouped under two titles according to the level of decision making; 

executive level decision makers and DM specialists and researchers (Figure 6-2). Six 

users are executive level decision makers, 10 users are DM specialists and finally 

four users are DM researchers. 5 users of the DM specialists and researchers deal 

with visualizing their exploration and analysis.  

 

Figure 6-2: Users according to Level of Decision Making 

 

Users are selected to be from different range of backgrounds. Although most of them 

work at governmental organizations such as the Prime Ministry Disaster and 

Emergency Management Presidency (AFAD), the Ministry of Environment and 

Urban Planning, some work at Non-Governmental Organizations such as AKUT 

Search and Rescue Association, Turkish Red Crescent; academia and financial 

institutions (Figure 6-3). Their distribution according to the background can be seen 

in Figure 6-4. 13 out of 20 users are engineers (Figure 6-4). The others are urban and 

regional planners, statisticians, economists and political science and public 

administrators. The mean experience of the users in Disaster Management is 17.15 

years. There are experienced users, such as the user 13, who has been specialized in 

DM for 50 years, but also not-experienced ones like the user 10, who has been 

working for DM for two years. Appendix B gives the details of each user 

(Profession, Department/ Foundation, Job Title, Co-workers, Experience). 
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Figure 6-3: Users according to Foundations 

 

 

 

Figure 6-4: Users according to Professions 

 

The second part is about the roles of the users, decision processes in detail, phases 

and the steps considered in DM, the analyses, tools and visualizations required 

during the decision processes. The second part is significant to understand the 

required tools and visualization methods as well. The scenarios, objects and 

attributes specified by the users directly affect the second step, which comprises the 

selection of main scenarios and the attributes needed for 3D model visualizations. 

These specifications of each user according to these parameters are provided in 

Appendix C.  
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CHAPTER 7 

 

 

DEFINING THE VISUALIZATION CONTEXT  (STEP 2) 

 

 

 

This chapter describes the definition of visualization context based on step 1. It has a 

systematic approach for identifying the highlighted scenarios, city objects and 

attributes expressed by the users according to the involved Disaster Management 

(DM) phases. A Hierarchical Task Analysis method is used to understand the 

relationships between the phases, the tasks (scenarios) used, and main city objects 

and the attributes to be visualized are explained schematically in a hierarchical 

manner. Lastly, a scenario used in a DM phase is considered for the case study that 

the visualizations to 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 few people can use them efficiently. Although as stated by Kolbe 

(2005), 3D visualization require extra costs such as human resources, hardware and 

software usage, it can be deduced that the users think that visualization in 3D Virtual 

has advantages more than disadvantages. Especially, they think that these 

environments are effective to visualize in 3D when vertical axis is considered, such 

as describing damage assessment/estimation, epicenter, geomorphological and 

geological properties. Likewise, neighborhood relations changing with the model 

scale can be understood better with 3D. According to Nielsen (1998) and Sebrechts 

et al. (1999). 2D information visualization is better perceived than in 3D and 

searching for information is difficult in 3D environment. However, several users 

state that the perspective view increases their perception as they can see the whole 
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environment. However, some of the users indicate that 2D view is also necessary and 

can be supportive to 3D visualization. They state that there are conditions for 2D 

view to be sufficient and effective (eg. visualizing land use from top view in small 

scale). In the study the focus on information visualization is decided to be for pre-

disaster phases since the interview results show the 3D city model can be 

advantageous for mainly pre-disaster phases. 

 

7.1 Identification of  the Highlighted Scenarios, City Objects and Attributes 

As inferred from the usersô feedback, the model can be effective mostly for Ex-Ante 

Strategies (pre-disaster). For Ex-Post Strategies (post-disaster), the real-time data 

input to the model is necessary. Ex-Ante Strategies cover the phases risk assessment, 

risk avoidance, risk mitigation, risk transfer and preparedness.  

As it is understood from the results of the interviews and questionnaires, users 

together or individually perform the same type of analysis or follow the same 

decision process. Therefore, the same scenario can be studied by different types of 

users. Hence, it is better to define users not individually but within a group (Table 7-

1). The groups can be arranged 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 and additional objects that the users request become 

the objects of the model (Table 7-2). The attributes differ according to the scenario 

and the user group. The detailed analyses of selected scenarios, objects and attributes 

for each user group are given in Table 7-1 and 7-2. As it can be seen from Table 7-1, 

the user groups are distributed according to the phases. The objects and attributes of 

each user group differ from each other. The objects and attributes are selected 

according to common answers and priorities defined. When the Table 7.1 and 7.2 are 

explicated, an obvious hierarchy between the phases, their objects and attributes can 

be seen. For instance, only after risk assessment and visualization of risk (the main 

attribute of risk assessment), many analysis can be performed within other DM 

phases. Also, steps within each phase are in a hierarchical manner. For example, risk 

assessment can only be carried out after the steps of hazard and vulnerability 

assessment, damage and loss estimation in which different objects and sub-attributes 
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are considered. The detailed analysis of the hierarchical structure of scenarios, 

objects and attributes are explained in the next section. 

Table 7-1: Users and Highlighted Scenarios for Each Phase 
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Table 7-2: Objects and Attributes for Each Scenario 

 

According to the results of the questionnaire, the most important city objects for 

users of all phases are found to be Building, Terrain, Transportation, Land Use and 

Lifelines (Figure 7-1). However, their preference changes according to the phase 

(Table 7.2). Vegetation and City Furniture are described as the objects that have the 

lowest importance. Waterbody is found to be important for five of the users; 

however, seven users even do not consider it as an object to be visualized in the 3D 




















































































































































































































































































































































































