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Abstract

The overall objective of this MSc thesis is dedéchto explore the term information intensity
as introduced by Heim (1998) in the domain of 3»-gisualisation. This thesis report
presents an insight on the definition of informatimtensity. For that reason it refers to
Shannon information theory, especially to measnferination intensity. Based on theoretic
notions these measurements are related to thret¢sjeyeo-data, visualisations of the geo-
data, and 3D visualisations of geo-data in relationusers’ visual perception and prior

knowledge of the data.

Results of the literature review confirm that inf@tion intensity is primarily related to level
of detail of visualisation. In 3D geo-visualisatsorinformation intensity is the amount or

degree of visual forms of a geo-data displayed3Dacene.

This thesis was done in context of the case stilyAchterhoek, the Netherlands. Geo-data
of this case study is classified and convertedDoad 3D visualisations according to three
European countries classification standards resjgdet The countries’ 1:50000 topographic
map legends are used for the classification. Shaanaformation calculation is used to
measure and compare the information intensity dit&doek geo-data and visualisations of
the geo-data. The method is usable especiallyhimatic information calculation from the
geo-data and visualisations of the geo-data. Howieveas some limitations. The theoiy
based on assumption of equal probability and oecwe of events which is not always true in
case of geographic phenomena. Besides, it is mmdent method to measure geometric and

topologic information.

Analysis of the results indicated that data coreersto geo-visualisation determines
information intensity of the visualisation. Theansity calculations show as the number of
thematic class change with different classificats&tandard, information intensity of the

visualised geo-data also changes.

A web-based questionnaire was also developed dodiinh about the third level of information
intensity i.e. information intensity of geo-visisdtion in relation to users’ prior knowledge
and visual perception. The questionnaire was delt/¢o a pre selected reference groups of
MGI students. However the responses obtained werenough to draw conclusion thus, this
research discusses the proposed methodology amehmeends further research.
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Information Intensity of 3D Geo-visualisation

Chapter 1: Introduction

This chapter introduces the background and prolglefmition. It also includes the research

objective and related research questions togettteran overview of the thesis.

1.1 Background

Since early '90 Geographical Information System#S[jGias become a very interesting and
sophisticated system for spatial data capturingjcgiring, maintaining analyzing, and
presenting. With the advancement of technologiethénfield of GIS, the need for Three-
dimensional (3D) information increased rapidly iffetent disciplines. Its application covers
wide areas: 3D urban planning, environmental mainigp telecommunications, public rescue

operations, and landscape planning (Stoter anaZdaa, 2003).

Nowadays, with the increasing demand of 3D inforomat geo-visualisation systems are
developing very fast (Yun et al.,, 2004). Geo-vigatlon is “the use of concrete visual
representations ... to make spatial contexts andlpned visible, so as to engage the most
powerful human information-processing abilitiespgk associated with visibfiMacEachren
et al.,, 1992 as cited in MacEachren et al., 19R9% also defined asa'three dimensional

visual representation of visual data, which haseagyaphic reference{Hoogerwerf, 2005).

3D geo-visualisation of GIS databases is the mosingon and effective way of presenting
large amounts of complex information to users with without GIS background (Al-
Kodmany, 1999; Bishop, 1994 in Appleton et al., 200rhe incorporation of different 3D
technologies in the area of GIS made 3DVirtual RealVR) a more realistic and
advantageous ways of visualizing our world. It end®s interaction with users, provides
realistic views, options of orientation and navigatselection and query, and manipulation

and analysis (Verbree et al., 1999).

Many researchers attempted to give different dadimifor the term Virtual Reality from their
point of view. Fisher and Unwin (2002, p.1) definé® as: ‘the ability of the user of a
constructed view of a limited digitally-encodedommhation domain to change their view in
three dimensions causing update of the view predetat any viewers, especially the user
Burdea and Coiffet (2003) in their book of “VirtuRleality Technology” statedVR has
application that involves solution to real worldgilems. Therefore the extent to which an
application is able to solve a particular problefmat is, the extent to which a simulation

performs well, depends therefore very much on humagination.”
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Mahmoud (2007) stated that there is no standarahitieh for VR. In general, VR is a
computer-generated technology for representinggbeworld where users feel immersed as

if they are in real environmental settings.

1.2 Problem definition

Many researches believed that 3D geo-visualisatchniques overcome the limitations of
traditional methods of graphic display i.e. 2D gesualisation (Al-Kodmany, 1999; Danahy,
1999; Appleton et al.,, 2000; Shiode, 2001). Lammege al. (2004) pointed out that VR
environments are visualized better with three-disn@mmal methods using two- or three-

dimensionally georeferenced geo-data sets.

In 3D geo-visualisation, the extent of similaritgttwyeen the representation and the real world
is determined by “virtuality” of the VR. Burdea afbiffet (2003) were the first to introduce
the three “I” factors: “Immersion, Interaction ahdagination”to define VR. Later on, Heim
(1998) and MacEachren et al. (1999) introduced fing I's that contributed to the
‘Virtuality’ of Geo Virtual Environment (GeoVE). Hm introduced the first three factors:
‘Immersion’, ‘Interactivity’ and ‘Information intesity’ and MacEachren added the fourth

factor ‘Intelligent objects’.

Information Intensity, sometimes denoted as InfaromaDensity is the third “I” factor that
deal with thelevel of detailof a representation (Heim, 1998; MacEachren et 1899;
Wachowicz et al., 2002). This MSc thesis emphasirefinding out more about information
intensity, from the viewpoint of 3D visualisatiois relation with data conversion and user

interaction.

Different research actions have been conductederflt factors with different objectives.
Particularly, the first two I's have received calesiable attention in geo-visualisation
literatures. Nevertheless, Information Intensityrasher unexploited. There is very limited

number of literatures with limited discussion oformation intensity.

It is expected that the findings of this thesisveeas guidelines related to information
intensity of 3D geo-visualisation that could infotrsers of 3D visualisation at different level
about the information transmitting quality of 3Dogeisualisation. It is also hoped to draw the
attention of 3D geo-visualisation designers to takermation intensity of 3D scenes in to
consideration. Besides, this thesis is believedséove as launching pad for interested

researchers to work further on 3D geo-visualisategarding information intensity.
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1.3 Research objective and research questions

This study is an explorative study aiming at defoghand illustrating the term ‘Information
Intensity’ related to 3D geo-visualisation. Based this objective, the following research
questions are advanced to guide this study

1. What definitions could be found for the term ‘Infaition Intensity’?

2. Has Information Intensity to deal with the conversiof geo-data in to a 3D

visualisation?
3. Has Information Intensity to deal with the graphidetails of 3Dgeo-visualisation?
4. How do people interact with 3D visualisation? Wilformation Intensity increase or

decrease”?

1.4 Thesis overview

In order to achieve the research objective, eashareh question is addressed in separate
chapter. The remainder of this thesis is organizesix chapters as follows:
Chapter 2. Refers to the different definitions mbrmation and information intensity
based on literature research. This chapter angiverfirst research question.
Chapter 3. Describes an existing formula calledn8ba Entropy and three levels of
information intensity. It also measures informatiortensity of geo-data and 2D
visualisation of the same geo-data with differelaissifications. Chapter 3 answers
research question number 2
Chapter 4. Attempts to measure information intgrfsgm 3D visualisation using case
study. The measurement includes comparison amongs&&hes with varying
viewpoint, graphical detail and scale.
Chapter 5. Discusses the proposed methodology hwhia web-based questionnaire
on selected reference groups to assess how usgstgll \perception and stock of
knowledge could influence information intensity3td geo-visualisation.
Chapter 6. Includes conclusions, discussion aconenendation based on the results

obtained.
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Chapter 2: What is Information Intensity?

2.1 Introduction

Chapter 1 already mentioned that the “virtuality"aorepresentation depends on the four “I”
factors. In this chapter, readers can find thenite&dn of Information Intensity based on the

different definitions of information given in diffent disciplines.

2.2 What is Information?

It is common to encounter the word information imly activities; in the books we read,
conversations we have, and things we hear etc. Henvet has different meanings in
different occasions. This thesis starts by discgssine source of the term and its context in

different disciplines.

The Oxford English Dictionary (OED) indicates thend information has its root in the Latin
word “Informare” (Soanes and Stevenson, 2004, p.728 scientific disciplines use the
concept information in their field of studies andis very difficult to get one specific
definition for it". The word Information implies tlerent meaning in different disciplines.
This chapter deals with definitions given in GlSartography, Visualisation, Information
Science and Psychology. These particular disciplawal with information at different level.
The first four disciplines overlap to each other tfiey have close interdisciplinary relations.
Psychology has a direct relevancy to the rest efdisciplines and their interaction with

human.

Hilgard et al. (1975, p.4) specifiedP8ychology touches almost every facet of our lives
Moreover, as a science, it focuses mainly on meadesses. In similar manner, it touches
every discipline that involves human interaction.deals with concepts like perception,
interpretation, cognition etc. that are of impodarto GIS, Cartography, Visualisation and
Information Science. Especially, for the four dmities, the visual sense is very important to
work with information. Therefore, in order to unsemd how information is retrieved,

processed and presented in these disciplines, mersessary to see the definition of
information in Psychology. Besides, Psychologyitsndomain of sensory processes, clearly

explains how human beings receive and processnion and finally respond to it.

2.2.1 Information in GIS

Is there a difference between data and informatido?hese terms mean the same thing?

Starting with the basic difference of these twam®ris a wise approach of indicating the
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perception of information in GIS. Most of the tima,the discipline of GIS, information is
confused with data and the terms are used integeadnty in written materials and by the

experts. However, an important difference exists/ben the two terms.

Davis (2001, p.31) defined data and informatiorshort as follows:Data: A collection of

facts in the database; multiple entridaformation: The meaning or interpretation of data.
Information is the knowledge obtained from data @&nglies explanation of significance of
the collective facts or numbers.The difference between data and information i als
articulated in simple mathematical formula: “Infation = data + context” (Worboys and
Duckham, 2004, p.5). According to Worboys and Dackhcontextrefers to the steps that
data passes through starting from its collection it final application and users
understanding. From these definitions, one cangmiee that there is interrelationship
between data and information. The latter is thewtubf the former. Hence, information in
GIS is interpretation of collected data or an otitgine output can be in different forms such

as an analysis report, a map, a graph etc.

According to (Pickles, 1995, p.2)31S is a special case of information systems iregenin
which information is derived from the interpretatioof data ‘which are symbolic

representation of features””

Couclelis, in his definition of information also mtened, “Contrary to some common
misconceptions, information is not a thing — i.ebunch of bits — but a relation between a
sign and an intentionality: the sign(s) being, listcase, the various graphic and other forms
of GIS output, and the intentionality, the purposéfuman intelligence giving meaning to
these sigris(Couclelis, 1999 as cited in Schroeder, 2003).

2.2.2 Information in Cartography

The scientific objective of cartography is makinffedent type of maps, which graphically
represents the reality of our world. (MacEacher@&95) stated cartography’s function as
“..creating interpretable graphic summaries of spatiainformation (i.e.,
representations).”. The collected geospatial information is systemdjicaekansformed to

graphical symbols to communicate information tdedtént users.

The understanding of information in Cartographyhis same as GIS for the two disciplines
are linked closely. According to the cartographeenenunication process, the different data

set collected by professionals (geodesists, phatogretrists, geographers, statisticians, etc)
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is information (I) for cartographers. The cartodrap transfers this information in a map
format. The same map may serve as informatiort@lthe readers or as data (starting point)
for someone who is interested to derive specifia fl@m the already interpreted data (Kraak
and Ormeling, 2003). It should be considered thdtat is “Data” at some stage or for
someone or a discipline could be “Information” &rother. Therefore, information could be

data at some stages of cartographic processes.

2.2.2 Information in Visualisation

The discipline ‘Visualisation’ is broad by itselft has number of branches: Scientific
Visualisation, Information Visualisation, Knowledgésualisation, 3D Visualisation, Geo-
Visualisation, etc. This chapter deals with vissetion as a technique of communicating the

out put of geospatial data.

Visualisation is a concept applied to both Cartpgyaand GIS. In Cartography, it has two
components: communication and analysis. Commupicagiways deals with information.
Thus in this aspect information is understood da ddoich is transmitted from one person to
groups, computer to person, etc using differennfsuch as paper, digital maps, etc (Jiang,
1996).

Visualization creates a link among information,aj&nowledge and human mind, which is a
powerful processor of information (Gershon and EitR98). As the word visualization

indicates, visualisation involves transformationirdbrmation, data and knowledge to visual
forms. This indicates that information in visuatina has some form of visual representation.
Similarly, in geo-visualisation, which is one branaf visualization, geo-data are converted to
visual forms such as objects, graphics, etc thatige information about the phenomenon

represented.

2.2.4 Information in Information Science

For some disciplines including information sciencgormation is broadly associated with
messages. Saracevic (1999) came up with threeadftféevel of understanding information.
These levels of understanding have ordered of seguigom simple to complex i.e. narrow,

broader and broadest.

In the first sense, considers information as sgraald messages only. The second sense
considers it as an output of interaction between tagnitive structuresmind’ and ‘text’.

The third sense treats information in a contéittinvolves not only messages (first sense)
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that are cognitively processed (second sense)alsata context—situation, task, problem-at-
hand, and the like. Using information that has beegnitively processed for a given task is
an example. In addition to other senses, it in@Iv®tivation or intentionality, and therefore

it is connected to the expansive social contexXtarsizon, such as culture, work, or problem
at-hand. In information science, we must considee third and broadest sense of
information, because information is used in a cght@nd in relation to some reasons”

(Saracevic, 1999).

Buckland (1991a) came up with three principal usfethe word ‘information’: Information -
as- knowledge, Information- as- process and Inftiona as- a thing. The first one refers to
what somebody knows or what is intended to addoiralteady existing knowledge. The
second one refers to the perception of someonetlandhst one refers to any informative
things including data, texts and documents, objactd events. Information science has a
special interest on the third use of informationl a@eals with this perception of information
(Buckland, 1991b).

2.2.5 Information in Psychology

The Dictionary of Psychology defines information ‘dsiowledge acquired by learnihg
(Colman, 2002, p.365). The formation of informatgiarts with the arrival of external signals
at our sense organs. External signals also refasesimuli are interpreted information by the
brain. External signals or messages could be sousdal image, smell, touch of an object
etc. The conversion of signals to internal repredéms indicates the basic stages of
information processing called Encodindf. ihformation is to have any effect at all, it b

first registered perceptually. That is to say, age®m must see, hear, feel or otherwise sense
some energy change in the environment for thereébd@oany information for further

processinf(Bourne et al., 1986).

2.3 The Three Levels of Information

As already mentioned in the earliest part of thiapater, different disciplines have different
understanding of information. This different undansling also excites among scholars. The
scholars could be from the same or different diseg. | will use the perception of Saracevic
(1999) and Buckland (1991) in combination to measaformation intensity from geo-data
and visualisations of the same geo-data. Saraawvic Buckland came up with different
understanding of information. Even though they uskflerent words to explain what
information meant, there is association betweeim thelerstandings.
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Table 2.1: Information Perception
Knowledge Process  Thing

Signal/Message X
Mind-text X

Context X

Source: the first row is adopted from Buckland (I)P@nd the first columns is adopted from
Saracevic (1999)

2.4.1 Information as a Thing or Signal

The first level refers to any informative objectscould be data, documents, texts etc.
Therefore, information contained in the geo-dathictv is used in this thesis, is first level

information for the records and attributes are camicating information.

2.4.2 Information Knowledge or Mind-text

The second level is information as cognitive intoa between mind and text that refers to
change in the state of mind. Information obtainexnf geo-visualisation (2D/3D) is second
level information i.e. Knowledge or Mind-text ing&tion because it gives more information

and helps for better understanding than the gea-dat

2.4.3 Information as Context or Process

The third level of information is complex when ccemgd to the first two levels. Saracevic
(1999) stated Using information that has been cognitively proegsfor a given task This
could be a good example to explain the contextaafje of information in the third level. In
other words, when some one is informed about santgtit could be visualizing a 2D or 3D
scene, the already existing knowledge of that perdwmnges. We should be careful not to
confuse ‘change in state of mind’ of the seconllevith ‘change in the already existing
knowledge’ of the third level. This level of infoetion greatly deals with the “stock of
knowledge” and perception of users. For instarfdiei person is already familiar to a scene,
no knowledge is imparted which implies low informoatintensity of the scene. However, if
the person is not familiar to the scene at all videdge is communicated in the person’s mind
l.e. there is a change in the already existing kedge which leads that person to think that
the scene has high information intensity. It shduddclear that the information intensity of
the scene is same, what changes is viewers’ pavoegibout the information intensity of the

scene.



Information Intensity of 3D Geo-visualisation

2.4 Information Intensity

The word ‘Intensity’ is widely used in the domaifh matural science such as physics and
chemistry to refer to the amount or degree of shingtwith measurable quality. From this

definition of intensity, one can understand th&bimation intensity is something measurable.

Wachowicz (2002) grouped information intensity un@=oVR Construction factors which
are relevant for the creation of GeoVR environméntormation intensity also refers to
degree of proximity of objects in geo-visualisattorwhat they represent from the real world.
MacEachren et al. (1999) specified thEte virtualness of an environment will be enhanted
its objects have sufficient detail to appear likealr world objects and featuresWhat is
required is a level of detail that corresponds thalvwe expect of real world objects at
particular distances. Additionally, increasing pmoty to an object should allow a
participant to see increasing detail, as it doesha real world .... Just as it is possible to use
a magnifying lens in the real world to see evenardetail, a virtualness of a GeoVE will be
enhanced if zooming to scale beyond those of novieain continues to provide additional
detail”.

However, it is important to consider the fact thatlividuals form their own cognitive map

about real world. It is difficult to understand hothese cognitive maps or mental

representations formed for there is no way of meaguhem at least at this thesis level.
Factors such as viewers’ prior knowledge, past eapee etc. also influence information

intensity or amount of information presented inueils displays. The degree of viewers’

familiarity to a scene determines the informatiotensity of the scene and their interpretation
(Kulhavy, 1996).

2.5 Conclusions

It is difficult to find one specific definition foinformation. The same thing applies to
information intensity. It may have different meagsnaccording to the definitions of
information in different disciplines. Paragraph 2g@binted out that Visualisation,
Cartography, GIS and Information Science have closadisciplinary relation. Therefore,
this chapter considers the definition of informatigiven by these disciplines to define
information intensity. All the definitions given dar in these disciplines have one thing in
common i.e. information is an output or a thing swmething concrete in the visual
representation. Hence, in 3D geo-visualisatiomgrim&tion intensity is the amount or degree

of visual forms of a geo-data displayed in a 3Dnhsce
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Chapter 3: Methods to Measure Information Intensity from Geo-
visualisation

3.1 Introduction

In the previous chapter a short over view has lggesn on how information is interpreted
and used in different disciplines. It is also pethtout that it is possible for information
intensity to have different meanings accordinghi® einderstanding of information. However
this thesis sticks to the definition of informatioriensity as the amount of visual forms of the

geo-data displayed in a given 3D scene.

The geo-data passes through different cartograpioicess before it is displayed in a scene.
Due to these processes it is obvious that therk beila difference between information

intensity of the geo-data and the graphic dispkiy;and 3D scene. Before concluding that
data conversion decrease or increase informati@msity, it is wise to see how geo-data are
transformed into visualisation and what processesravolved. This chapter has four parts;

the first part will explain what processes are imed geo-data transformations, second part
discusses how information intensity can be meastinedthird part is a case study and the last

part presents the results and conclusions of the sdy.

3.2 Conversion of geo-data in to a 3D visualisation

Today, the availability of digital geo-data and icagevelopment of computer technologies
made 3D representation of reality possible in tieéddfof geo-visualisation. Since reality
presents vast and detailed information, it is diffi to represent the whole data at one time.
Thus there is a need to reduce the detail and sédlee geo-data. Reduction involves two
main consecutive processes; selection and geraiahiz According to the traditional
cartographic process, selection takes first andséhected objects are generalized depending
on the purpose and required scale of representdlionpf, 1995). To ensure that the
phenomenon being represented is shown effectivetyespart of the geo-data has to be
filtered.

There is always the risk of unclear visualisation miscommunication in mapping
unprocessed data (Kraak and Ormeling, 2003). Momn@gh996) in his book of “How to Lie
with Maps” stated generalization is important t@resent 3D realities in 2D maps. He
emphasized the necessity of generalizatiotnadeed, a map that did not generalize would be
useless.Monmonier said this for 2D representation of tégdi however 3D representations
are not exceptions to the idea of generalizatioorliérg and Mayer, 2002). In 3D

10
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visualisation there is generalization of featuréth weight in to one type of extruded objects

irrespective of their variations in reality.

3.2.1 Cartographic transformation

There are two simple types of cartographic tramsédion; map projections and
generalization (Perkal, 1958 as cited in Tobler799he first one involves mathematical
operations to represent the surface of the earthmaps where as the latter involves a
purposeful reduction of details in the processepiesenting some aspects of the reality. This
chapter focuses on the second part of cartograpmsformation; Map generalization. Even
though Perkal categorize cartographic transformaitiotwo parts, Tobler (1979) agreed that
the entire process of making and using map is aesexg of transformations. According to
Monmonier (1996); Davis (1999); Kraak (2003), theggence of transformations can be

divided in to two:

Spatial transformations/Graphic generalization

Attribute transformations/Conceptual generalization

Spatial transformations:

This type of generalization is comprised of subcpeses namel$election, Simplification,
Enlargement, Displacement, Mergingtc These processes deals with the geometric
component of geospatial data but have no effedhensymbology. It should be noted that
there are different types of graphic generalizatmrpoint, line and area features. This thesis
makes no attempt to provide further explanation tbe different types of graphic

generalization.

Attribute transformations:

Also known as conceptual or content generalizatiomplves process ofSelectionand
Classification. These processes are linked to the attribute coemtoof the data resulting
change of symbology. This thesis is rather intexksihn content generalization and attempts to

find out if it has any effect on information intétys

There are factors to be considered before carmguicany kind of transformations. The map
purpose and required scale are decisive factoredoh decision to be made in cartographic
process. Scale is a central factor in the traditional cartaghic process. The map scale like
other design choices is governed by the map purposgcale is of central importance as it

acts as a filter for the information content of timap” (Morehouse, 1995, p.22-23). That is,

11
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the choice of a map scale determines the leveletdildor the amount of information to
present on a map Scale in this sense refers t@xhggeration or compression applied to

features so as to have proportional representafiogality on maps (Jo, 1998).

Nowadays, with the current web technology such asgle Earth, GIS and others, Level of
detail is used. The digital world offers the optiohzooming in/out to visualize different
details. As a result the principle of generalizatoecomes dynamic. However, the scale at
which the original data were digitized is still aniting factor for the amount of features,
shapes, level of detalil,.., that the user cari §&& 0, 1998, p.3). The required detail has to be

specified i.e. choices have to be made on whatogibeen and at what level of detail.

Depending on the required scale, there is a needdoeralization or omission of features
from the representation. Such actions require aetisf the cartographer or author of the
representation (Monmonier, 1993). This leads tattearofactor calledsubjectivity Different

individuals, including cartographers, map authard athers, have own decisions regarding
selection and classification of attributes for Hsne geo-data. The difference in individual
decision results different information content agpéime classification results and between the
geo-data and the classification resulfBhé practice of generalisation is often described a
‘subjective’ because individual cartographers ubkeit knowledge and judgement to carry

out processes of selective omissions, simplifinadind so on’(Keates, 1989, p.40).

Different countries or mapping agencies have dffier map-making procedures and
cartographic traditions. This in turn contributesthe subjectivity factor. In addition to the
cartographer own experience and perception eadlioles made by cartographers is under
the influence of either the cartographic traditadrtheir country or specific rules of mapping

agency (Joo, 1998).

3.3 Measuring Information Intensity

It is important to clearly state what is being mead. This thesis attempts to measure
information intensity in three levels. These thfteeels are taken from the three levels of
information mentioned in chapter two. The firstdewmeasures information intensity of the
geo-data, second level measures information irtiensithe visualisation of the geo-data: 2D
and 3D of the same geo-data. The third level measaformation intensity of a visualisation

in relation to users’ perception.

12
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Real world Geo-data Geo-visualisation Computer display Perception
3D i: 2D 2D 7 2D i: 2D
3D X 3D 3D

Figure3. 1. From 3D real world to 2D or 3D perceptbn of a scene (Lammeren et al., 2007)

As figure 3.1 by Lammeren et al. (2007) depictxygyaphic phenomena gathered from the
real world can be saved in the form of 2D or 3D -data. The saved geo-data can be
visualised using 2D or 3D visual transformation.pBreding on the type of transformation,
users will have 2D or 3D perception about the gatdhey visualise. This chapter focuses
on information intensity of 2D geo-data and its @Bualisation. Information intensity of 3D
visualisation of the geo-data will be discussedhennext chapter.

3.4.1 Information Intensity of Geo-data

Shannon Entropy [1] is one of the most well knowfoimation measure. Claude Shannon,
“the father of information theory” is the first g@n to quantifying information usingts in
his mathematical theory of communication (Shannioal.e 1969, p.32; Ebanks et al., 1998,
p.1-3).

Hn(P)= PilogPR [1]

i=1

Where, P is the probability, for this thesis, thelmbility of the objects of the Achterhoek
data to fall in to its thematic classes.

Shannon’s theory can be adopted in this contexbeasure the information intensity of the
geo-data. In this example | make use of availalde-dpta like land cover types, roads,
housing data of Achterhoek, part of the Netherlamdth cartographic scale of 1:50000 and
Digital Elevation Model (DEM) of the same extentlwb meter resolution.

Achterhoek data has number of attributes. It is mmgdess to include all attributes of the
dataset in the calculation. Some of the attribies not even part of the observation or
measurement from reality such as FID (FeatureTB\ CODE, TOPO_CODE, etc. FID is
automatically generated number and has nothing dowdh reality. TDN_CODE and
TOPO_CODE refer to the same thing as TDN_ENG he.English description of thematic

13
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classes. Attributes included in the calculation &em the thematic attributes TDN_ENG and
from the geometric attributes GEOM_AREA and GEOMNGHT.

In some literature, for instance Pelaez (2000primation contentl) of attributes associated
with ratio or interval measurement scales is caked differently. The fundamental of the

calculation is still based on Shannon entropy babmnsiders range and precision of the scale.

| =log 5 (range / precision)

[2]

Where, range refers to the difference between marirand minimum attribute value and

precision to the smallest accurate measurement

However, in this calculation there is a probabibfyhaving both the maximum and minimum
value from the same thematic class. In such casesnbt convenient to compare two data
sets with different number of thematic classes.piesthe different number of thematic
classes; there is a possibility of having the samiermation intensity I) if they have

common thematic classes with maximum and minimuhneg Therefore, in this chapter the
same entropy calculation for both thematic attebumtith nominal scale and geometric

attribute with ratio scale is used.

Thematic information intensityl (hematig

Fhematic= Pi |0g R [3]

i=1
Where, P is the probability, for this case the @bility of the objects to fall in to the thematic

classes of Achterhoek data

Concerning the geometric information, this thessuses on the size of objects only i.e. area

and length attributes.

Geometric information intensity eometrig:

An
P= " [4]

Ln
P= = [5]

Where, P is the probability, An and Ln are area #emgth of ' object respectively and A

and L are the sum of area and length of n objeetpectively.

| Geometric = Pi |Og R [6]

i=1
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For equation [6], Pi can be calculated separatesbd on equation [4] and [5]

Shannon’s theory assumes that outcomes of an exgetrior in this context geo-data entities,
are independent of each other and do have an gmoahbility of occurrence. These
assumptions may not always hold true for spatitd.ddowever the information contained in
the Achterhoek data is first level information. &nt is not converted in to visualisation, the

spatial relationship is not yet recognized.

3.4.2 Information Intensity of Visualised Geo-data

The information intensity of visual displays is gudifferent from the information intensity of
the geo-data. The conversion of geo-data to 2DaVidisplays involves number of factors.
Depending on the type of projection, generalizatma scale factor used the thematic and

geometric value of the geo-data as well as thenmdtion intensity of the 2D map varies.

Scholars like (Sukhov, 1967 and Neumann, 1987 t&sl en Li, 2002) are the pioneers in
applying Shannon information theory to cartograptéenmunication. Recently Li (2002)
introduced new sets to measure the informationerdrdf maps. He came up with a new line
of thought to measure information content of mapsnf their symbols using/oronoi
diagram. The approach is based on the basics of ShanneopgntLi (2002) classified

information content of a map in three groups ancetiged a set of measurements for each.

(Geo) Metric
Topological

Thematic information

(Geo) Metric:

This type of information measure considers the spgarcupied by map symbols. The space
occupied by each symbol has an inverse relatioh thi¢ information content of the map. If
the space occupied by each symbol is similar thenmap has higher information content. If
the space occupied by each symbol is different thermap has lower information content.
This can be obtained by usingvaronoi diagram Metric entropy calculates the probability

mentioned in Shannon entropy as:
Si
= — 7
= [7]
Where S is the whole area andsSthe area of the Voronoi region.

Based on this, Metric entropgy (M) is defined as follow:
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HM)=H Py, P,..Pn)=  SisinS InS) 8]

i=1
Moreover, Li (2002) pointed out that this type ofarmation measure is dependent on
number of symbols of a map. In case of maps witflerdint number of symbols, he suggested

normalizing entropy as follows:

H(M)max = H(R, P> ...Pn /p1=p2=. .= py=logz " [9]
__H(M)

Where, H(M) is geometric information , H(M)max issimum geometric information and

H(M)n refers to normalized geometric information.

Topological:
The topological entropy of a map is computed byegating dial graph (triangulation)of

Voronoi region.The calculation is based on the number of neighbéureach vertex of the
dual graph. To indicate trmomplexityof a dual graph, the average number of neighbimurs
each vertex is used. The average number for eatéxvs calculated as follows:

H=NJ Nt [11]
Where, His topological entropy, Nis sum of numbers of neighbours for all verticed &l

is the total number of vertices in a dual graph

Thematic information:

As the name itself indicates this type of meassarbased on the thematic types of features.
TheVoronoi diagramis also used in this measure to define neighbolutisematic features. If

a symbol has neighbours with different thematicetypen the information content of such
symbol is regarded as higher. If a map has moré syge of symbols i.e. symbols with
higher information, then the thematic informatioontent of that map will be higher. The

thematic information of'l map symbol H(TM) is defined:

P=n/N j=1,2..M [12
HTM) =H (P, P.... Pu1) = nj/Nj In (nj/Nj) [13]
i=1

Where, Pis probability of |' neighbour, nis neighbours of"} thematic type, Nis total

neighbours for'! map symbol, and Mypes of thematic neighbours

The Voronoi diagramis explained asthe only and currently availablesolution to describe
the relation between spatial objects (Gold, 1992ciésd in Li et al., 1999). It is also
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mentioned that there are two ways of computinyaonoi diagram Vector-based and
Raster-based. However, most existing methods otowbased Voronoi diagrams face
shortcomings when it comes to line and area feat(lrieet al., 1999). The absence of empty
space between line and area features makes théicpliae of the method even more

complicated.

Li (1999) came up with innovative idea of extendihg raster-based methods so they can
easily be used for line, area and other complicatgdcts. Because it is out of the scope of

this thesis, there will be no further explanationtioe different types of Raster-based methods.

Even though Li’s information content calculation based on Shannon entropy like this
chapter, his approach is in reverse direction te thesis approach. Li's approach is map
based approach in which the graphics are scalendepe metrics whereas this thesis has
database approach where the table metrics areasitoireal world. Li’'s approach is entirely
based on map symbols and th®¥ioronoi region. In all the three measures, information
content of maps is measured from their symbols. Vbeonoi diagramis employed to
identify the closest features i.e. neighbours fachefeature because the space between map
symbols is assumed to be empty (Lee et al., 200fted in Li, 2002). For data set with no
empty space between its features like the casechtethoek datayoronoi diagrambased

calculation of entropy can not be applied.

To find out the effect of data conversion (transfation of geo-data to visualisation) on
information intensity comparison is made betwedormation intensity of the geo-data and
2D-visualisations of different classifications. Tleemparison is limited to thematic and

geometric information only.

3.4.3 Information Intensity of Visualisation in reltion to users’ perception

The third level of information intensity is diffituto quantify. It is very different from
Shannon’s concept of communication i.e. sendingaidrom a source and measuring the
information content of the received message atséirdgion. When it comes to visualisation,
individuals have their own way of interpreting maped graphics. The human visual
perception plays important role for effective vikzation and interpretation (Dastani, 2002).
Besides, there are number of factors influencingcgggion of visual displays: context,
attentional focus expectations, prior knowledgestpexperiences and subjective biases
(Healey et al., 1999 as cited in Wunsche, 2004gdneral, these numbers of factors can be

17



Information Intensity of 3D Geo-visualisation

labelled as the personal stock of knowledge. Thhapter five will discuss the third level of

information intensity in relation to users’ visymrception and stock of knowledge.

3.5 Cartographic Information

In paragraph 3.2, it is indicated that the proce$sdata conversion in general and
generalization in particular results change of infation from reality. Paragraph 3.2.1 lists
factors that affect content generalization and ltesudifferent out puts. Of these factors, a
classification standard by different countriesassidered. Since the data used in this chapter
is from part of the Netherlands, it is feasiblectmsider classification standards of different
European countries. Besides, recently the Euro@zanmission is intending to synchronize

map layouts of the different European Union coestri

| have managed to get official legends (1:5000@¢oaphic maps) of six European countries;
Belgium, France, German, Netherlands, Portuguesd, @nited Kingdom. Three are
purposefully selected; Belgium, Netherlands, andddinKingdom. The first two countries do
have an English translation for their legends. Admbek data is classified according to the
official legends of these three European countiied converted to 2D maps. ArcMap of the
ESRI ArcGIS 9.2 is used to present the 2D mapheRichterhoek.

3.6 Results

In this chapter the results of the information ¢y calculation are present in two levels as

follow:

3.6.1 First level of Information Intensity

The first level of information intensity is measdraccording to Shannon’s entropy and based
on the Achterhoek data. It offers the followinguits.

Achterhoek data includes land cover data with Bériditic classes, road data with 11 thematic
classes and house data with 2 thematic classesrdieg the geometric attributes, data with
polygon entities i.e. land cover and housing daasehboth GEOM_AREA and GEOM
_LENGHT attributes. Whereas, data with polyline itegg i.e. road data has GEOM
_LENGHT attribute only. The thematic classes areosting to Netherlands Ordnance

Survey standards.
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Table 3. 1: Information Intensity of Achterhoek data
Data Type Thematic InformationGeometric Information Total

Land cover 2.76 bits 20.97 bits 23.73 bits
House 0.34 bits 21.6 bits 21.94 bits
Road 2.54 bits 11.49 bits 14.03 bits
Total 5.64 bits 54.06 bits 59.7 bits

It should be taken in to consideration that the biis refer to information intensity i.e. the

amount of information actually contained in the fethoek data.

3.6.2 Second level of Information Intensity

The second level of information is measured from 2D visualisation of Achterhoek data.
The data are classified according to the classifinastandard of three countrie$he
thematic classes of each data are generalizeddicgoio the respective country’s official

legend of 1:50000 topographic maps.

Table 3. 2: Number of Thematic Classes

Countries Land coverRoad Housing
Netherlands 13 9 2
Belgium 9 7 1
United Kingdom 6 8 1

The three countries’ official legends are differant only in their number of thematic classes
but also in the colourings used to represent tfferdnt landscape features. The difference
can be associated with number of factors howevsrautside the scope of this thesis. For the

sake of simplicity and clarity, this chapter usathe colouring for the three classifications.

Figure 3.2 depicts the classification standardhefthree countries with different number of
thematic classes. The difference in classificatstandard resulted different information
intensity for the same geo-data. Information initgns calculated for each data set: Housing,

road and land cover data.
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Figure 3.2 a: Netherlands classification
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Figure 3.2 b: Belgium classification

The legend ‘undefined’ refers to the data that awailable in the Achterhoek data set but

they don't have legends according to Belgium 1:80@pographic legends.
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Figure 3.2 c: UK classification

The legend ‘undefined’ refers to the data that awailable in the Achterhoek data set but

they don’t have legends according to UK 1:5000@tppphic legends.

Since map is a small scale representation of ye@jeo-data) what we see from maps,
especially the geometric aspect is totally difféersom what we know from reality. This is
due to two main reasons: The first one is the g#&endistortion which is introduced by map
projection. The data set used in this thesis haal swtent with local projection. Thus, the
distortion is insignificant. The second reasorhis $cale used. The geometric value of the 2D
visualization is a scale reduction of the geo-ddtavever the scale reduction has no effect in

the probability calculation of Shannon entropy.

Table 3. 3: Information Intensity of Housing data

Classification Thematic InformationGeometric Information Total
Netherlands 0.34 bits 21.6 bits 21.94 bits
Belgium 0 bits 21.6 bits 21.6 bits
United Kingdom 0 bits 21.6 bits 21.6 bits

Geometric information is calculated as the sumndérimation intensity of area and

length value of each record.
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Table 3. 4: Information Intensity of Road data
Classification Thematic InformationGeometric Information Total

Netherlands 2.48 bits 11.49 bits 13.97 bits
Belgium 2.40 bits 11.21 bits 13.61 bits
United Kingdom 1.99 bits 8.57 bits 10.56 bits

Geometric information is the information intensaglculated from length value of

each record.

Table 3. 5: Information Intensity of Land cover daia

Classification Thematic InformationGeometric Information Total
Netherlands 2.72 bits 20.97 bits 23.69 bits
Belgium 1.56 bits 7.32 bits 8.88 bits
United Kingdom 1.40 bits 6.93 bits 8.83 bits

Geometric information is calculated as the sumndérimation intensity of area and

length value of each record.

Table 3. 6: Total Information Intensity of the Achterhoek Visualisation

Classification Total

Netherlands 59.6 bits
Belgium 44.09 bits
United Kingdom 40.99 bits

Total equals to the sum of the total informatiotensity of each data type.

The total information intensity of the geo-datalierent from the total information intensity
of the 2D visualizations for each classificatiorelfdum’s and United Kingdom’s official
legend does not have ‘Arable land’, ‘Pasture’, &waplar’ land cover. In addition ‘Sand’ and
‘Heath’ land cover types are not available in UKiaél legend. In the same way, in the road
classification, Belgium’s official legend does iatve ‘Cycle track’ and ‘Foot path’ and UK’s
official legend does not include ‘Paved road’. Gaming the housing data, Belgium’'s and

UK'’s official legend does not have ‘Storage tank’.

Table 3.3, 3.4 and 3.5 indicate that, the diffeeeimcnumber of thematic classes for the same

geo-data extends to noticeable difference in thienaaid geometric information intensity.
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3.7 Conclusions and Discussion

Shannon’s information theory is used to measurerméation intensity from the Achterhoek
data and its 2D maps of different classificatioha®on interprets information content in
terms ofbits. The theoryis based on assumption of equal probability andiwmeace of events

which is not always true in case of spatial data.

Due to the attribute transformation involved in tdata conversion and the different
classification standards used, information intgnsit the geo-data is different from the
information intensity of its 2D maps. The differeciassification standards have different
thematic classes which lead to different thematid geometric information intensity. For
instance, Netherlands classification has two themaasses of the housing data whereas;
Belgium and UK classification has only one typer Belgium and UK classification, the

probability of all the houses to fail in the categof one type of thematic class is one.

The result 0 bits’ may seems unusual or meaningless howenfarmation content can also
be explained in terms of variance. Miller (195@tst that When we have a large variance,
we are very ignorant about what is going to hapgdénve are very ignorant, then when we
make the observation it gives us a lot of infororatiOn the other hand, if the variance is
very small, we know in advance how our observatimmst come out, so we get little
information from making the observationNVhen it comes to geo-visualisation, feature or

object with one type of thematic class has zerm#ie information.

The entropy calculation is based on the numberhematic classes particularly for the
thematic information. Thus, the same geo-data eae klifferent information intensity based
on the type of cartographic transformation used eadsification standard. Based on this
justification, one can conclude that informatiortemsity of a 2D visualisation varies
depending on its content generalization. In otherds, the different cartographic processes

involved in the data conversion have a direct eéffecinformation intensity.

Concerning the geometric information, this thessided to use same probability calculation
for the metric attributes regardless of their meaxsient scale (see equation [4] and [5]). If
Pelaez (2000) information calculation [2] were ystbe land cover data will have the same
geometric information in all the three classifica despite the different number of thematic

classes.

For instance, the land cover data has 13, 9 artefdtic classes based on Netherlands,

Belgium and United Kingdom classification standezdpectively (see Table 3.2). However,
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in all the three cases, water is the smallest lzaqs feature and deciduous forest is the largest
landscape feature. If we consider the range inggwmetric information calculation the land
cover data will have same range value and same gfeicrmformation. Nevertheless this can
not true because the data has different themadgsek. The same thing is true for the road

data.

In addition to the above limitation, informationl@aation based on range values can not
represent the information intensity of the entia¢adet.
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Chapter 4: Measuring Information Intensity from 3D Geo-visualisation

4.1 Introduction

This chapter starts with an overview of the differe between 2D and 3D presentation.
Then it discusses related topics to the appearainaescene such as graphic variable, scale
and level of detail. Finally, it attempts to measunformation intensity of 3D geo-

visualisation based on Shannon entropy.

4.2 3D Geo-visualisation

There are different ways of presenting the realldtva2D and 3D geo-visualisation are the
main categories of visual representation. As it wantioned in the first chapter, a geo-
visualisation can be defined as a three dimensiogeakesentation of geographically
referenced data (Hoogerwerf, 2005).This particdkdinition of geo-visualisation best fits to

3D geo-visualisation.

2D maps represent geographic phenomena and sfetales of the earth always as a flat
plain. When it comes to features with the third elivsion i.e. height, it is very difficult to
understand 2D maps. On the contrary, 3D maps repregographic phenomena in a more
naturalistic way to the real life situation. 3D rsapre expected easy to understand and
interpret (Kraak, 2002a).

Before the development of interactive geo-visuéitisain GIS, static (print) maps were the
most commonly used tools by researchers to ex@oteanalyze geospatial data (Kraak,
2002b). However, from the 1990s on ward advancesnaémtcomputer and related
technologies made the transition from static teriattive maps successful. When compared
to 2D environments, 3D environments offer more iseal perspective view, better
understanding and higher degree of freedom forsuggeraction (Lammeren et al., 2004).
There are number of ways to view 3D scenes. Inrgébterms, we can classify it as passive
or still and active or flying, walking through famstance by VRML, ArcScene or Google
Earth. The still 3D scene in turn can be viewed imumber of ways: birds’ eye view, frog

view, human view, etc depending on its projection.

Viewers may select different viewpoints to explaescene based on their purpose of
visualisation. Viewpoint in this context refersthe relative position of a viewer or camera
to a scene. This variety of viewing has direct @fien the amount of information obtained

from a scene because it determines the numbesibieriobjects and details. For example, a
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still scene with perspective projection will sigodntly influence the perception of the

visualised objects, because some objects are pantigred by others. Number of research
works has been conducted on determining the bestpaints (Vazquez et al., 2003; Sbert
et al., 2005).

4.3 Graphic Variables

Visual variables play an important role in the seg@ntation as well as in the perception and
understanding of information in both 2D and 3D wissation. Wunsche (2004) indicated
that visual attributes connect the two steps ofialisation process i.e. encoding and
decoding. According to (MacEachren et al., 1992)nid@n of geo-visualisation, the power

of human visualisation is associated with the appeze of a representation.

Hardisty et al. (2001) described visual variablesttee fundamental building blocks of 3D

scenes. Bertin visual variables include size, shadour, texture/grain, location and

orientation (Hardisty et al, 2001; Heaberling, 200the importance of visual variables in a
scene is depicted in different ways. Heaberlingd@0ndicated a group of parameters called
graphic aspects influences the appearance of shje@D or 3D maps. The graphic aspects
are grouped in three: modelling, symbolization aisdialisation and each of them include one
or more visual variables. A 3D scene can be desdriby three elements: the scene
composition, light sources, and camera or eye \{ldardisty et al., 2001). Furthermore, the
visual appearance of a scene can also be explaneerms of visual variables. Hardisty

(2001) divided the visual variables in to two categs:

‘Tactual’ properties

‘Purely Visual’ properties

4.3.1'Tactual’ properties
The Tactual properties of visual variables refeolbjectsdetected by feeling such as shape,
size, location and orientation. It is obvious timathe domain of visualisation there is no room
for non-visual senses. This chapter is not intecksin such properties are not of interest in
this chapter.
Shape: objects in a 3D scene can have differeqeshaimple to complex based on
the number of faces involved.
Size: refers to the relative difference betweermcisjin a scene

Location: refers to the exact position of objectd &atures of a 3D scene on Earth
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Orientation: represents the rotation of objectaiadox, y and z-axis.

4.3.2'Visual’ properties
As the wordvisual indicates, these purely visual properties are ateytified by visualizing.
The purely visual elements of a 3D scene includeurp visual texture, transparency and
reflectance.
Colour: is qualitative visual variable used to esgmnt objects of different thematic
class.
Texture: is the most important variable that givealistic effect to features and
objects.
Transparency and Reflectance: even if Bertin dilmention these two variables in
his discussion, they are the special aspects afigriables that play important role

in the visibility of a display.

Each graphical object and their visual attributes 8D scene represent information. In this
regard, related works show that visual attributesehdifferent information content. Wunsche
(2004) classified visual attributes based on theilormation dimensionand spatial
requirement. Information dimensiaafers to the number of dimensions inherent invieaal
attributeand spatial requiremernefers the smallest unit of space needed to ityemipiece of
information .This paper is interested on the infation content of each visual variable. The

following table by Wunsche shows the classificawbwisual variables.

Table 4. 1: Classification of common visual attribtes

Information Information Spatial Information  Information
dimension  accuracy Requirement  content density
(dimension)
Position on 1-3 High Low(0) High High
scale
Length 1 High Medium(1) Medium Low
3D 2 Medium Medium(1) Medium Medium
Direction
Area 1 Medium Medium(2) Low-MediumLow
Volume 1 Medium High(3) Low-Medium Very Low
Shape > =3 Low- High(3) Medium- Medium-
Medium High High
Texture >=3 Low- Medium (1-3)  Medium- Medium-
Medium High High
Colour 2 Low Low (>=0) Medium High

Source: Wunsche 2004
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Information content is Information accuracy muliga by Information dimension and

Information density is Information content divideg spatial requirement.

Wunsche used subjective ranking as high, mediunw, émd very low to compare the
information accuracy, spatial requirement, inforimatcontent and density of each visual
attributes. He also used objective descriptioneims of number of dimensions needed for

information dimension and spatial requirement (\Wines 2004).

4.4 Scale and Level of detalil

The word ‘scale’ in the domain of geo-informatiotiesice is one of the most ambiguous
words. ‘Scale is used to refer both to the magnitude dludys(e.g., its geographic extent)
and also to the degree of detail (e.g., its leeg@ographic resolutions){Goodchild and
Quattrochi, 1997, p.1). According to Montello analiédge (1999), scale has multiple
meanings such as absolute size, relative sizelutesg granularity, and detail. As it was
mentioned in paragraph 3.2.1, in digital repredents, the traditional cartographic definition
of scale loses its meaning because users haveptien do zoom in and out.lfi a truly
scalable 3D environment, as a general rule, there always multiple resolutions or
representations per 3D viéWNebiker, 2003). In interactive 3D geo-visualisat, the notion
scale is replaced by the notion level of detail )ONumber of applications requires
graphical presentations of varying scale. Scaleong of the factors that determines
information intensity or level of detail of both 2&hd 3D presentations (Kraak, 2002). It is
obvious that zooming in offers the opportunity @aualizing objects or part of a scene at
closer distance. On the other hand, the extertteftsplaying screen hinders the possibility

of visualizing the entire scene in detail.
4.5 Case Study

4.5.1 Method

This chapter compares information intensity of efiéint 3D visualisation based on Shannon
entropy. The Achterhoek dataset and DEM of samenéxtith 5 meter resolution are used.

There are different transformations of geo-data 8id scenes:

1. simple extrusion of features with height from tlemglata (2D + Extrude)

2. drape 2D representations on DEM of the same ef@&ht- DEM)

3. drape 2D and extrude features height (2D + DEM trutle)

4. use 3D textured objects instead of simple extru€én+ DEM + 3D Objects)
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Information intensity of a 3D scene varies with tlype of transformation method used

because each method provides different level ofaildetChoosing an appropriate

transformation method is not always simple taskefiends on the required level of detail and
application of 3D visualisation. Even thought itnist the intension of this chapter to provide
detailed explanation of each method, it pointstbatbasic differences. In general, method 3
gives better 3D visualisation effect than methodr2l 1. Method 4 presents objects and
features with closer detail like their appearantehie real world. On the other hand, the
fourth method requires greater storage space torimmage files to texture each feature.
Moreover, using 3D textured objects often takegéortime to render the scene. For these
reasons, the fourth method is not included in tBes8enes construction. For comparison
purpose, this case study employs the second anmd thethod of transformation in

combination.

4.5.2 Procedure

Two types of transformation methods are used tateréhe different 3D scenes. The first
method (method 2) draped the 2D map of the Achelthan the DEM to derive surface
height for landscape features. The second methethfd 3) is same as the first method but
features like buildings and forest are extrudedhwassumed heights. Such an extrusion
changes feature appearance such as line featuvestittal walls and polygon features to 3D
blocks. ArcMap and ArcScene of the ESRI ArcGIS 8a2e been used to present the 2D and
3D scenes respectively. Official legends with pakegenerate errors when displayed in a 3D

scene. In such cases, plain colours are usedve g problem.

In addition, the 3D scenes have different viewmigfraphic detail and viewing parameter
such as zoom factor. In this thesis context, giagldetail refers to features’ appearance on a

scene such as texture, extrusion etc.

Table 4.2 shows the different combination of methodewpoints and zoom factors used in

the 3D constructions.

Table 4. 2: Methods combination

3D Scenes Method 2 Method 3
Perspective view 1.a 1b

Section view 2.a 2.b

Zoom Distant view Closer view
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The first column indicates the different view typesed to create the 3D scenes. In scene 1.a
and 1.b, the observer and target have differefidcaitheight, i.e. Z value whereas 2.a and 2.b
have same Z value for observer and target. Thertisg shows the transformation method.
Method 3 extrudes features with assumed height.ifigiance, the housing data has two
thematic classes: Building/house and Storage tahky are given 10 meter and 15 meter
assumed height respectively. Similarly, from thedlacover data there are three types of
forests: Conifer, Deciduous and Mixed with 26, 2Bd 18 meter. The last row indicates
relative distance of the observer. Scene 1.b andh&@ve relatively closer view than scene 1.a
and 2.a.

3D scenes with out extrusio 3D scenes with extrusio

2. ¢ 2. h

Figure 4. 1: Geo-visualisations used in the castugty
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4.6 Results of case study

This sub chapter presents the information intercdityre different 3D scenes. The assessment

focuses on thematic, geometric and topologic infdrom intensity of the different 3D scenes.

4.6.1 Thematic Information

The same intensity calculation is used based omdineber of thematic classes. The visible
landscape features of the still 3D scenes are edumsing the selection tool. From thematic

point of view, scene 1.a has the same number todtie classes as 2D geo-visualisation.

Table 4. 3: Thematic Information

3D Sitill Scenes Land cover Road Houses Total

la 2.72 bits  2.48 bits0.34 bits 5.54 bits
1b 2.12 bits  1.91 bits0.08 bits 4.11 bits
2.a 0 bits 0 bits 0 bits 0 bits
2.b 1.46 bits 0 bits 0 bits  1.46 bits

4.6.2 Geometric Information

Objects in 3D visualisation are subjected to metrstortion .Due to this metric distortion the
geometric information of 3D visualisation is diféet from 2D visualisation. The

transformation of the geo-data to 3D visualisatod draping of the 2D map on DEM are the
two reasons for metric distortion. The metric distm includes reshaping of features,

different outline, etc. Such distortion results @ to the area and perimeter of features.

Unlike the 2D geo-visualisation, 3D scenes havatiaél surface height information (DEM)

to the geometric information. Further more, scemeahd 2.b has assumed height information
of extruded features. Features height informatian be quantified with same Shannon
entropy calculation. The calculation is same asrggac information calculation mentioned

in chapter three. In real life situation each hoaisé tree has unique height value like the area
and perimeter values. However in this case studiufes are given assumed height based on
their thematic classes. In other words features fiite same thematic class have same height

value. Thus the probability is calculated:

Hn
P — 14
o [14]

Where, P is the probability, Hn height df feature and H is the sum of height of n features

available on the 3D still scene.
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Table 4. 4: Geometric Information Associated with Eatures Height
3D Still Scenes Forests  Houses Total

1.b 7.45 bits 7.70 bits 15.15 bits
2.b 1.58 bits 0 bits 1.58 bits

4.6.3 Topologic Information

Since it is difficult to quantify topologic infornian at this thesis level, this chapter gives
only qualitative description. Landscape featuresdene l.a has similar spatial relation like
the 2D maps such as left, right, near etc. Sin@nescl.a has no extruded features and
significant surface height variation; it does natvé the expected 3D spatial relations such as
behind, in front of, etc.

For scene 2.a, it is difficult to tell about itgptogic information. On the other hand, scene
1.b and 2.b have a clear 3D spatial relation. Rstance, one can see houses under the trees,
roads crossing behind the forest, etc.

4.7 Conclusions and Discussion

In addition to geo-data conversion, transformatioethods, viewpoints and zooming factor
result different information intensity of 3D visisdtion. Particularly, viewpoint and zooming
factor decides the number of visible objects inieery 3D scene. The different methods of
geo-data transformations to 3D visualisations alstermine the graphic detail of geo-
visualisation. For instance, buildings and fordmstge different graphic detail in scene 1.a and
1.b because of the transformation method. In stemebuildings and forest features appeared
as flat polygons. Whereas, in scene 1.b, the sanustape features appeared as blocks with
the third dimension (see Figure 4.1). This thirhelnsion adds to the geometric information
intensity of scene 1.b (Table 4.4).

Intensity calculations of the case study confirmattBD scenes with higher number of visible
objects and graphic details exhibit high informatimtensity than 3D scenes with lesser
number of visible objects and graphic details (Eaiele 4.3).

Compared to 2D visualisation of the same geo-aatailts of this chapter show the thematic
information intensity of 3D visualisation is thensa as its corresponding 2D visualisation.
See the thematic information of scene 1.a frometdi®. In this case, even the colours used in
the 3D scenes are still the same as 2D maps i.extare used. However, with the change of

view type and zoom factor, information intensity3@ visualization changes.
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The geometric and topologic information of a 3Dualisation is quite different from a 2D
visualisation. In the 3D scenes, one can see #atifes are reshaped i.e. different outline,
different area. In addition, one can also identiw topologies. For instance, the clear 2D
relations such as left, right, on, near, etc aptaxed by new relations such as behind, before,
under, above, etc.

This chapter draws the following conclusion. Thenber of visible objects of a 3D scene and
their graphic detail determines information intéysif visualization. It is true that zooming in
provides more detail and realistic view. Howevég extent of the displaying screen limits
the number of visible objects of the scene anditekw information intensity.

33



Information Intensity of 3D Geo-visualisation

Chapter 5: Information Intensity in relation to user Perception

5.1 Introduction

As it was mentioned in chapter 3, this chapter udises the third level of information
intensity of 3D geo-visualization in relation toeus perception. It also attempts to answer

the fourth research question.

5.2 Human perception

A number of authors Dastani (2002), Wunsche (2004jy and Moller (2004) emphasised
human perception plays enormous role in determinsgys’ interaction and interpretation of
3D visualisation. This signifies that people intgravith a given 3D visualisation based on

their “stock of knowledge”

Perception is defined aa ‘tognitive process that is involved with detecaod interpretation
of sensory information{Lloyd, 1997, p.5). Human perception is wide toffiat can not be
covered in a single chapter. As a result, this tdralimits itself to visual perception only.
Visual perception itself is complicated issue beeaiit has subjective nature. “.different
people may have different perceptions of the saptarp, depending on physiology (colour
blindness and other visual impairments, for insgnout also depending on prior experience
and what they are ‘looking fdr’(Reuter et al., 1990). There are also non-hunaatofs that
affect human visual perception: lighting conditipmsual acuity, surrounding items, colour
and scale (Tory and Moller, 2004). Furthermoresenéing 3D information on 2D media

poses perceptual challenge for users.

In this thesis, prior knowledge has two perspestiviéhe first one refers to familiarity with

different visualisation techniques or generally raswith GIS background. The second
perspective is familiarity of users with the gedadar visual representation of the geo-data.
The degree of familiarity may range from viewingstdll visualisation to more interactive

visualisation. Some users may have detailed kngy@eabout the geo-data, via a more
extensive mental map, and its visualisation toetktent of actual field visit of the represented
area. As a result, a 3D scene gives different métion for different viewers based on their
perception and prior knowledge. In other words, saene 3D scene can have different
information intensity in the viewers mind. Nevel#ss, it is hard to quantify what is in

viewers mind at least in this thesis. This chapfecifically focuses on the latter context of

prior knowledge; familiarity with geo-visualisatisand interaction.
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5.3 Visual Interactions

Number of factors determines users’ interactio\8iD visualisation: users’ interest, purpose
of interaction, perception, etc. It is obvious thdferent users interact to the same 3D scenes
differently. Those with prior knowledge of that panlar 3D scene use their prior knowledge
or experience to guide their way of interactionrbree et al. (1999) categorized interaction

with scene in to three:

Orientation and navigation
Selection and query

Manipulation and analysis

The first type of interaction is the most commowl gimple one. Users can walk through the
3D scenes and change their viewpoints. The secgmel df interaction involves selecting

different geo-data and deriving information fromjeatts. The third type of interaction is more
complex than the first two. It includes GIS opera$ like, buffer, overlay, etc to create a

subset data from the already existing.

5.4 Methodology

The intention of this chapter is to find out théeet of users’ ‘stock of knowledge’ on their

visual perception and interaction. It is also iatted to find out what will happen to the
information intensity of a 3D scene in time of iatetion. In order to achieve these objectives,
this chapter uses web-based questionnaire on séleeference groups. The results will be
analysed using simple statistical descriptions sashtables and more frequently charts.

Finally conclusions will be drawn based on the tjoegaire response.

The proposed methodology also includes sketchimgeatal map. Students were asked to
sketch up their mental map of the Achterhoek dfteir field visit. This helps to measure the

starting level or stock of knowledge of each resjmn about the study area.

Participants of the reference group are MGI stugléptogramme 2006-2008). The total
number of MGI students is 29. Since the number @ageable, all the 29 students are
included in web-based questionnaire. The grouppamneosefully selected in advance for two
reasons: The first reason, they have more or lesssame prior knowledge of different
visualization techniques; mainly GIS tools. Themetreason is students have been to the
village of Groenlo in the Achterhoek as part of GRS-31809 smwvork. The Achterhoek is

the study area, which is used in previous chajtedsthis chapter too.

35



Information Intensity of 3D Geo-visualisation

= g R
Groenlfois

o

Figure 5. 1: Study Area

The red line indicates the excursion route andgreen line indicates the extent of the area

used for the 3D scenes of the questionnaire.

5.4.1 Questionnaire Construction

Web-based questionnaire is advantageous in termsacoéssibility and saving time.
Furthermore, it has the advantage of automaticgdlying responses to database (.mdb) by

linking the web page with Microsoft Access.

The questionnaire used in this thesis has thrds.pHhne first part has general memory recall
guestions about landscape features in the Achtkriexcept the first one all the memory

recall questions are open-ended questions thatestiad respondents to express their visual
perception freely. The questionnaire is designedntbude questions about the thematic,
metric and topology of the Achterhoek. This helpsampare respondents’ visual perception.

4 N\
1.1How many times have you been in the Achterhoek?

A.1-2 B. 2-5 C. More than 5
1.2Which landscape feature you remember first?
1.3Which landscape feature has the largest size?
1.4What is the highest landscape feature you observed?
1.5Which landscape features are crowd together tcacee? List two features
1.6 Which landscape features are scattered in the dresiPwo features

1.7Which landscape features come together or areeg®aFor example, houses

along the road. List at least threeh relations that you rememkt )
o
Figure 5. 2: Part | of the Questionnaire

36



Information Intensity of 3D Geo-visualisation

The second part has instant view questions. Thetigms are based on the 3D scenes of

Achterhoek (the 3D scenes used for each questambe& seen from Appendix 2).

( )
2.1Which of the following three scenes is the cor@ut if scene 1 is viewed fron

-

point P?

2.2Which of the following four 3D still scenes giveow the best readabls

D

information about Achterhoek landscape features?

2.3Which landscape feature do you see first from el scene?

2.4Which of the following 3D still scenes represeratdo you prefer most?
S J

Figure 5. 3: Part Il of Questionnaire

The first two parts of questionnaire were availabfeweb on June 8, 2007 starting from
10.30A.M.

In the third part of the questionnaire it was inted to include simple and common type of
interaction such as zooming, panning, 3D-rotatenmj navigating through the 3D scene of
the Achterhoek with the reference groups. The Aec®cdocuments were available on web.
Instruction and related questions about the sageeaiction were prepared on hard copy to be
hand out for the reference groups (Appendix 3). v, it could not be implemented as

intended for there is no enough response from refgras.*

5.4.2 3D Scene Construction

The 3D scenes used for the web-questionnaire arstroated from the Achterhoek dataset.
The scenes are prepared with ESRI ArcScene. Diffeseenes are used for each question in

part Il of the questionnaire (See Appendix 2).

The first question has three still 3D scenes dedint viewpoints Respondents are expected
to use their prior knowledge of the area and vigpaateption to select the correct scene from
these three scenes. The second question has feaessavith different viewpoint and
resolution. The third question has only one 3DI stitene in perspective projection.
Respondents were provided with list of landscapéufes to select from. The fourth question

has two 3D scenes; one with out extruded featurdae with extruded features.

* The reference groups were informed about the thartl @f the questionnaire in person dfitough email
but none of them appeared on the specified dateirmed
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5.5 Results of Mental Maps

Before filling out the questionnaire, participanfsthe reference groups were asked to draw
their mental map of the Achterhoek. The mental majse collected from all the 29
respondents to see their perception about the Aute&. Respondents tried to put their
perception in both text and drawing formats. EMeough the mental maps are different in
their appearance most of them have common thingspéhdents gave attention to similar
landscape features such as hills, swampy areaalscaypical houses of the area, etc. Sample
of the respondents’ mental map are included (Appedid

5.6 Results of Questionnaire

This sub-chapter presents the results of part adetvao of the questionnaire. The responses
are collected on #of June, 2007. From 29 MGI respondents, it is @l who submitted
their response. The responses are less than edpé&ciethat reason results of the analysis
may not be completely representative. The resuiticed from the questionnaire are

analyzed in Microsoft Excel using simple charts.

5.6.1 Respondents’ Prior knowledge

Thought the respondents have same GIS backgroured; prior knowledge of the
Achterhoek area is different. All the referenceugp® have been to the Achterhoek one to two
times as part of their course work. However, 42%hefrespondents have already visited the

area more than two times prior to the field exaursi

Visiting the Actherhoek

70
60

50
40

1-2 times

2-5 times
30

20
10

W more than 5 times

Responses (%)

Question 1.1

Figure 5. 4: Frequency of visiting the Achterhoek%b).
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5.6.2 Respondents’ Visual perception

In the first part of the questionnaire, questiorstb 1.7 are particularly designed to find out
respondents’ immediate visual perception of thd stmation in the field. In general,
respondents have varying visual perception of #teral scene i.e. the Achterhoek area. Both
the respondents’ mental map and their responsketanemory recall questions support the
point (See Appendix 5).There can be many reasanthéodifferent visual perceptions. What
the respondents were looking for in time of fiektersion or what (Healey et al., 1999 as
cited in Wunsche, 2004) calls, asttentional focusand different prior knowledge of the area
can be the responsible factors.

The effect of users’ perception on information sy of 3D scenes can be seen from the
result analysis of question 2.2. Respondents wereiged with four 3D scenes of same area

but different view. The respondents ranked the eseatcording to their information content
and readability as follows:

Respondents' perception of Scene A Respondents' perception of Scene B
45 60
40 _50
g3 ——r
Qm’ 30 m Very less informative| | 40 m Very less informative
Q
925 Less informative @ 30 More inf )
< 20 . S ore informative
a Informative 220 -
2 15 . . 4] Does not Know
o 10 More informative X 4o
0
Scene A Scene B
Respondents' perception of Scene C Respondents' perception of Scene D
70 45
40 -
60 35 |
< X i i
& 50 m Very less informative | | > 30 1 m Very less informative
& 40 ) ) & 251 Less informative
o Less informative S 20
g 30 2 15 | informative
2 Informative
220 T 10
10 - 5
0
0
Scene C Scene D

Figure 5. 5: Response to question 2.2 (%).
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On the other hand, majority of the respondents Inawe or less similar perception of the 3D

representation of the Achterhoek. Respondent wekedathe same question in the first and
second part of the questionnaire i.e. which langisdaature they see first. In question 1.2,
respondents were not provided with 3D scene. Irstipue 2.3, respondents were provided

with 3D still scene of the Achterhoek. When thepmesses to both questions are compared, in
general responses to question 1.2 have significanation than responses to question 2.3.
This could be due to the nature of questions. Qurest.2 is open-ended question and the

respondents are free to give any answer. Questi®rgies list of landscape features to
choose from.

Responses to Question 1.2 Responses to Question 2.3
60 120
50 agricultural _. 100 -
— X
SN m chamber % 80 m Forest
Q
§ " hedgerows, g 60 - Roads
c
5 grasslands S 40 I Does not Know
$ 20 MW peat &
04 20 4 —
10 J — m Trees 0
0- : m small Visted Visited
Visted Achterhoek one  Visited Achterhoek Achterhoek one to Achterhoek more
to tw o times only more than twice tw o times only than twice

Figure 5. 6: Response to questions 1.2and 2.3(%).

In question 2.4, respondents were given two 3D stiénes. Scene A has relatively higher
level of detail than scene B. Scene A has extrddessts and houses with assumed height
where as scene B has no extrusion. Respondentsaslezd to select the representation which
they prefer most. Out of the total respondents, &&décted scene A. This is also another
indication that the respondents have more or |les8as perception to the 3D scene of the
Achterhoek. Moreover, this contributes to the idéaAppleton (2003) that higher level of

detail helps users to easily relate their visuatggtion of the 3D representations with the

corresponding reality.
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Preference of 3D representation
80
70 -
60 -
50 -
40 -
30 -
20

10
: B =

Scene A Scene B Does not know

Responses (%)

Figure 5. 7: Responses to question 2.4 (%).
5.7 Conclusion and Discussion

This chapter has discussed about prior knowledgevaual perception of participants. As

shown in the result part respondents have diffgpant knowledge and visual perception.

Prior knowledge in general and familiarity to thady area in particular guides once visual
perception. It is also expected that users’ pricovidedge determines the information content
of the scene in the users mind. In other wordg;susay think that a given 3D scene has less
information if they are already familiar to the seeor to the area which is represented on the

scene.

The responses to question 1.1 indicated that 42f#teafespondents are already familiar to the
Achterhoek .This is expected to influence theircpetion about the Achterhoek than the rest

of the respondents who have been to the area amge o

This thesis expected that respondents who are maondiar to the Achterhoek will have
similar perception than those who are less familtamcerning this expectation, responses to
question 1.1 and 1.2 are compared. The result efcdmparison indicate that, contrary to
what is expected, results of 2.3 shows those relgpua who visited the Achterhoek one to
two times have similar response to question 2.3eMds, those who visited more than twice

have different answer to the same question 2.3i(Ei§.6).

Result of question 2.4 shows, the respondents ih@ks perception to the 3D scene of the
Achterhoek. As it was mentioned in chapter 4, thedt dimension gives additional
information to the geometry of the landscape festui~or instance, building and forest

features are more visible in scene A than scerse8 Appendix 2).
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Chapter 6: Conclusions, Discussion and Recommendati

This chapter addresses the following issues: génerglusions about this thesis, discussions
of main results and final recommendations aboubrimftion intensity of 3D geo-

visualisation.

6.1 Conclusions

This thesis is more of a reconnaissance work. @resibout information intensity of 3D
geo-visualisation were asked, namely what doesnmdtion intensity mean, has information
intensity to deal with data conversion to 3D visetion, and graphic detail and what will
happen to information intensity at the time of gseénteraction. Different methodologies

were employed to answer these questions.

Based on literature search on related disciplitleis, thesis came to the conclusion that
information intensity can be defined in two levéllbese are information intensity of the geo-
data and information intensity of the visualised-glata. Geo-data offers a certain amount of
intrinsic information. From this perspective infation intensity of geo-data can be defined
as the total amount of information contained by-deta. It is known that geo-data has to pass
through a certain steps of transformation beforeisitvisualised. In the process of
transformation some data will be selected and atesdn to visual forms for visualisation
purpose. From geo-visualisation perspective, in&diom intensity denotes to the amount or
degree of visual forms of the geo-data showed ensttene. The amount of visual forms
presented on a scene depends on the type of travafon used. The analysis of the results in
chapter 3 signifies that before the conversion,t&dioek data has total information of 59.7
bits (Table 3.1). However, the information conténtquite different when transformed to
different visualisations according to the classifion standard of three European countries
(See Table 3.6).

In addition to data conversion, it appeared th&rmation intensity has relation with the

graphical detail of 3D geo-visualisation. The casgly in chapter 4 shows that 3D scenes of
same geo-data have different information intenfity the reason that they have different
graphic detail. To vary the graphic detail of theerses, different methods of 3D scene

construction, viewpoints and zoom factors were used
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6.2 Discussion

In this thesis, information intensity is definedsbd on the different contexts of information in
different disciplines. Literature search on relatidciplines such as GIS, Cartography,
Visualisation, Information Science and Psychologysed to define information. Saracevic
(1999) levels of understanding information and Bacl (1991) principal use of information
are the basic concepts used in this thesis. Sacaaad Buckland perceived information in
three levels: information as signal, mind-texemaiction, context and information as thing,

knowledge, and process respectively.

This thesis associated the two scholars’ perceptith the three parts of visualisation
process namely data, visualisation and users’ pgote(Tory and Moller, 2004). In other
words, the information content of the geo-data usethis thesis is considered as the first
level of information i.e. as signal or thing, infleation content of the corresponding geo-
visualisation as second level information and thedtlevel of information deals with users’

perception and interaction with geo-visualisation.

Shannon’s information calculation is used to measaformation intensity of the geo-data
and the visualisations of this data in case stkghgn though Shannon is the first scholar to be
mentioned regarding information quantification,rthare number of scholars (Sukhov, 1967
and Neumann, 1987 in Li, 2002) who are pionee@apfdy Shannon’s communication theory
to Cartographic communication. As discussed in téraf, Li's approach is map driven
approach mainly focused on symbols. He calculatesmatic, metric and topologic
information content of maps based on the numbesyaibols. On the contrary this thesis
approach is geo-data driven. Therefore, Li’s apghazould not be applicable for datasets like

the Achterhoek where there is no empty space betveadures of the data.

It should be clear that quantifying informationansity is not the main target of this thesis.
However, measuring information intensity from theoglata and geo-visualisation is
necessary to answer the second research questiene3ult analysis of chapter 3 proves that
each dataset of the Achterhoek and the visualisatimve different thematic classes as a
result of the different classification standardedisThis in turn led to different thematic

information content of the visualisations (see $apter 3.5).

The visualisation process has subsequent stagdataftransformation to visual forms and
visual forms to graphical representation (Wuns@@)4). Moreover, as it was discussed in

chapter 3, there are number of factors that deteymata transformation to visualisation such
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as; required scale, purpose of visualization, diaaon standards of different countries and
mapping agencies etc (Monmonier, 1993; Morehou€85;1Joo, 1998). These factors
together with the subsequent transformation stpggsimportant role in deciding the number

of visual forms displayed on screen or any formatisualisation.

It is known that geo-data by itself contains aaieramount of information. The conversion of
geo-data into graphical representation implies thatt of the geo-data is selected and
converted to visual attributes. Converting the ioaggdata to visual forms involves change to
the semantic and geometric aspect of the datauresatof the data may be reshaped or
aggregated depending on the type of classificais®d. As a result, the information content
of the geo-data and the visual representationnaillonger be the same. Visualisations with
more number of visual forms/graphics of geo-datt @ve high information intensity than

visualisations with less number of visual forms.

A literature by Stamps (2003) gives explanationt tt@n support this argument. Stamps
specifies that Shannon’s information entropy is best measure of visual diversity. He
demonstrated thatEhtropy is zero if everything is the same and gatie maximized if each

thing is different. Because total sameness is tmitg, and each thing being unique is the
maximum possible amount of diversity..The same logical explanation of Stamp can be
applied to thematic information content of geo-aissations. Visualisations with different

thematic classes have higher information conteah thisualisations with same thematic

classes.

Another case study is used to check whether infoomantensity has anything to deal with
graphic detail of objects in the 3D geo-visualisator not. In chapter 4 it was underlined that
graphic variables play significant role in the ag@ace of 3D geo-visualisation (Hardisty et
al., 2001; Heaberling, 2002).

Geo-visualisations can have different graphic dgtaiiewpoint and scale based on the
required purpose. In the case study four 3D scehttwe Achterhoek are used. The scenes are
purposefully made to vary in their graphic detaing different viewpoint and resolution. In
this thesis, information intensity calculation dege on the number of thematic objects
displayed on the scene. The visibility of theseeoty in turn depends on the viewpoint and

zoom factor selected for that specific scene.

Vazquez (2003) in his concept akewpoint entropyexplained it in detail that the amount of

information captured from a scene is dependent iewpoint selected. It is obvious that
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perspective view offers the possibility of viewirthe entire scene which gives high
information intensity. On the contrary, section widninders entire view resulting low

information intensity. In section view, small objgare hidden by large and tall objects of the
scene (see figure 4.1). As a result 3D sceneseo$dme extent but different viewpoints have

different information intensity.

Verbree et al (1999), Koua and Kraak (2004) inéidazooming in and out helps to adjust the
level of detail and enhances exploration of geowdisation. Google Earth and other
visualisation soft wares show that zooming in afferore detail about the different objects in
the scene. On the other hand, the displaying wirtsloeen limits the overview or number of

visible objects which in turn decreases informatidensity of the scene.

Lack of response to the third part of questionniinged this thesis not to discuss the fourth
research question. It suggests further researctedsssary to give complete answer to the

question.

6.3 Recommendations

Information Intensity is one of the four “I” fac®that are decisive in the designing of geo-
visualisation. Nowadays, in different professiangyortant decisions are made based on geo-
visualisation. Thus, it is advisable to check thioimation intensity of a geo-visualisation
before using it for decision making purpose. Likemersion and Interactivity, Information
Intensity of geo-visualisation also deserves goestl of attention. Moreover, knowing the
“prior knowledge” of users in advance helps to decon the amount of information of a

given geo-visualisation.

The result of this MSc thesis is partial due toited responses from the reference group and
lack of literatures on information intensity. Thiene, the topic needs further exploration to

have detailed and complete understanding of infaomantensity of 3D geo-visualisation.

Especially the third level of information intensityeds detailed investigation. The approach
used to find out about the third level of inforneatiintensity can be more helpful with large
sample groups. To improve this work, this thesggests repeating measuring the third level
of information intensity. Form the methodologicargpective, it also suggests to consider
sample groups from different field of study or dpsations. Regarding the third part of the
questionnaire, this thesis recommends using twapgoone group with prior knowledge of

the geo-data or visualisation of the geo-data awadheer group with no prior knowledge.
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Appendix 1: Official Legends of 1:50000 topographic maps

Belgium

Figurel. Legends of land features and built up area

Netherlands

Rouite & chaussées séparées
Strasse mit getrennten Fahrbahnen
Dual carriageway

Weg met minstens 4 rijstroken

Route d'au moins 4 voies de circulation
Strasse mit mindestens 4 Fahrspuren
Road with 4 or more fanes

Weg van 7 m en breder (2 of 3 rijstroken)
Route, large de 7 m &t plus (2 ou 3 voies)
Strasse, 7 m oder breiter (2 oder 3 Fahrspuren
Road 7 m wide or more (2 or 3 lanes)

Weg van 3,5 m tot7 m breed
Route de 35ma 7 mdelarge
Strasse 3,5 m bis 7 m breite
Road 3,5 m fo 7 m wide

Figure2. Legend of road

a L1 b woll a huizenblok b huizen residential block houses

cJL g — ¢ wandelgebied pedestrian precinct
T d muur wall
| ¢ groot gebouw large building
e‘f I f hoogbouw high-rise building
Voo g kassen greenhouses

9" industiegebied industrial area

Figure3. Legend of built-up area and houses
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United Kingdom

Figure4. Legends of land features and road

Figure5. Legends of land features and road
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Appendix 2: Part | and Il of questionnaire

Introduction

This questionnaire is part of MSc thesis. The pseps to find out how information intensity of a 3D

visualization is influenced by users’ ‘stock of kviedge’ and visual perceptions. The questions

based on your field visit of the village of Groemahe Achterhoek. The questionnaire has two parts

Part I. Memory Recall

are

Part | has seven questions. The questions maimysfwn what you remember about the landsg¢ape

features from the filed visit. In this context l&edpe features refers to land cover types sucteadow,

built up area, etc. and features such as forestsds, rail way, etc. Please type your answer ®@sphcs

provided. You have time limit of 10 minutes to giw@ur answers.
1.1 How many times have you been in the Achterhoek?
A.1-2 B. 2-5 C. More than 5
1.2 Which landscape feature you remember first?
1.3 Which landscape feature has the largest size?
1.4 What is the highest landscape feature you observed?
1.5 Which landscape features are crowd together tcaoee? List two features

1.6 Which landscape features are scattered in the dresa’®wo features

1.7 Which landscape features come together? For exarmplses along the road. List at least th

such relations that you remember

Part Il : Instant View

Part Il consists of four questions. The questiomstased on 3D scenes of different perspectivéie
same area. Below you see two figures. Figure lahgi®en rectangle, which indicates the extent &
used in the 3D scenes of this questionnaire. Tthdime indicates the GRS-31809 excursion routeute
2 shows the classification of landscape featureslagends used. Watch the map and legend for h

minute

Fiaure 1: studv ares

ree

ft

)
alf a
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Legend

mm—— main road - Conifer forest
small reg. road - Deciduous forest
small local road Heath

street - Mixed forest

paved road - Orchard

other roads Other land use
o (fOO)pALh Pasture
————— cycle track Poplar stand
=== railway Sand
- building/house - Tree nursery
- storage tank buildings

- Arabel land water

Figure 2: classification

2.1 Which of the following three scenes is the ectrrone if scene 1 is viewed from poiR?
You have time limit of 10 seconds.

Scene 1 A

2.2 Which of the following four 3D still scenes gs/you the best readable information about Achtkl
landscape features? Rank the scenes as 1, 2, 3. &hamber 1 stands for the lowest information i
number 4 stands for the highest information.

You have time limit of 45 seconds.

no

and
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2.3 In the following 3D still scene, which featute you see first?

You have time limit of 10 seconds.

Forest
Houses
River
Roads

Rail way
Pasture
Arable land

I ONmMOO®»

Built up area

2.4 Which of the following 3D still scenes represgion do you prefer most

You have time limit of 5 seconds.
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Appendix 3: Part lll questionnaire

Part 111

Introduction
This thesis test is part of MSc thesis. The intaniis to find what will happen to the information
intensity of a 3D visualization at the moment denaction. The test consists of four questionsoBef
answering the questions you are going to make sinipleraction with the 3D scene of the

Achterhoek. First read the instruction very cangful
Instruction
URL: http://webgrs.wur.nl/cgi/projects/achterhoek

Please go to the link and save the data to yourpaten Open the ArcScene program from you
computer. After opening the ArcScene software kalin the open file and go to the folder where you
saved the data and click éwxhterhoek 2.sxdArcScene document. Now you can start to exploeg th
scene by zoom in and out, panning or walk througimgithe different tools of navigation in the
ArcScene. You can do this for maximum of 5 minugdter that you can start answering the questjons

in their respective order i.e. 1 to 4. You are @owed to make changes to your answers.

After you practice the navigation tools you mayrtsta read and answer the questions. You have time

limit of 15 minutes.
Il Please note that you are not allowed to use tletribute tables to answer the questions!!

Select one answer (A, B, C or D)

1. How many forest blocks do you see as you move ftwrieft down corner of the scene to the
right up corner diagonally? .................

A. 10-20 B. 20-40 C. More than 40

A.1-5 B. 5-10 C. 10-15 D. 15-20
3. How many water features do you see near the huitraas? .................
A. 10-20 B. 20-30 C. 30-40 D. 40-50
4. Do you think this visual interaction gave you befgformation than the 3D still scene pf

Achterhoek you saw last time? A. Yes B. N C. Not sure
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Appendix 4: Respondents’ visual perception

Responses to Question 1.3 Responses to Question 1.4
70 90
. i
= = Id
g 50 € 60 | .
5 40 + m agricultural 2 50 4 m Raised
2 grasslands 2 m Does not Know
S 30 4 g 40 H
% farms 2 30 - m forest
@ 204 | T 59 —| | mhills
10 — 10 | ! |
0+ . !
Visted Achterhoek one to  Visited Achterhoek more Visted Achterhoek one to Visited Achterhoek more
two times only than twice two times only than twice
Figure 6 Responses to question 1.3 (%). Figure 7eBponses to question 1.4 (%).
Responses to Question 1.5 Responses to Question 1.6
45 30
40 4 shrubs
m tree 25
g b W agriculture IS = Does not know
< 30 9 < 20 m trees
3 25 small 8
a 2 15 nature
S 20 | Does not Know g
$ 15 4 P — 10 m houses
4 m grassland dK;
10 W peat
m farms 5
5 4 m farms
0 4 T 0
Visted Achterhoek one to Visited Achterhoek more Visted Achterhoek one to Visited Achterhoek more
two times only than twice two times only than twice

Figure 8 Responses to question 1.5 (%).

Table 1: Response to Question 1.7

FigureFRBesponses to question 1.6(%).

Respondents who visited Response to Question 1.7 No of (%)

Achterhoek one to two times Respondents
Sauvage ,human, tourism 1 8
farms 1 8
Tree rows 1 8
forest, trees ,grass 1 8
house, road, canal 1 8
houses, trees 2 17

Respondents who visited

Achterhoek more than twice
peat, meadows, forest 1 8
heather, forest 1 8
Agriculture, vegetation, nature 1 8
hedgerows, house, grass 1 8
crop, forest 1 8

Total 12 100
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Appendix 5: List of abbreviations

2D = Two Dimensional

3D = Three Dimensional

GIS = Geographic Information Science
OED = Oxford English Dictionary

VE = Virtual Environment

VR = Virtual Reality
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