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Abstract 
 
By increasing the volume and complexity of datasets, Visual Data Mining (VDM), 
new visualization techniques evolved and new techniques released. However, some of 
these techniques performing well and cover all expectations; the others failed to save 
their positions. The main issue of such techniques is problem dependency. 

In this study, after a short description about necessity of Visual Data Mining 
techniques, I will provide a classified review of previous researches. This will result 
in a deep understanding as well as simple accessibility to previous researches, in a 
concise manner. This will facilitate the extraction of the specifications of 3D 
visualization technique and will provide a comprehensive knowledge of this technique 
in a classified manner. After that, all possible combination of 3D visualization 
technique will review. 

3D Visualization technique as a popular technique is a concrete foundation for 
visualization of multi-dimensional datasets, but it has some limitations. To overcome 
these limitations, previous studies in literature as well as the experiences of 
professionals will gather. The results will prove the theoretical findings as well as 
offering new hybrid techniques (combination with 3D visualization and other visual 
data mining techniques).  

The contribution of professionals will empower and complement the results of this 
study, as they can address solutions for the weaknesses of 3D Visualization technique 
in their business which is new combination of techniques. These combinations of 
techniques will create the basis for future researches in order to discover new 
limitations and provide solutions to overcome by use of hybrid techniques. 
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1 Introduction 
 
In this research, first the research area, alongside with the research purpose will be 
explained. I will also introduce my research question which will create the foundation 
of this study from theoretical and empirical study.   

1.1 Background 

The computerization of science and humanities has been impressive in recent years. 
All scientists and researchers use computers for their research purpose as well as their 
daily life. To identify the computer oriented activities thousands of terms with the 
prefix of “e” revealed such as e-science, e-health, e-learning, e-culture, e-love or even 
e-pizza (Boonstra et al. 2004).  

The term “Informatics” has the meaning of systematically processing of information 
by the use of computers. It introduced independently as an important field in science 
on 1960. Informatics deals with gathering, processing, storing and retrieving, 
classification and also transferring information by integrating different methods from 
computer, library and communication science (Boonstra et al. 2004). 

Every year a huge amount of digital data is generated which is the result of recording 
from banking transactions, trading or even environmental changes and social events in 
multi dimensional datasets. Extracting valuable data (knowledge) out of these datasets 
is quite difficult and needs data mining and data exploration by user involvement. 
Visual Data Mining (VDM) is the main solution for huge multi-dimensional datasets 
which uses automatic techniques as well as user cooperation to explore the valuable 
information. This helps the user to have an appropriate utilization of gathered data in 
datasets and become a challenging issue in informatics(D.A. Keim 2002).   

There are a number of classifications for visualization. One of the first attempts has 
been done by (Chi 2000), by use of Data State Model (Chi & Riedl 1998). It is consist 
of categorical values in 3 dimensions: data level, transformation and inside level 
operators. It also shows the changes which accomplish in data from one level to 
another by one of three data transformation operators.  

Tory and Moller (2004), classified the visualization algorithms rather than data (Tory 
& Moller 2004). In another attempt, Bowman et al. (2001) considered user interfaces 
and interactions, especially 3DUIs (3D user interfaces). In this study they categorized 
interactions in 3 groups: navigation, selection or manipulation and control (Bowman 
et al. 2001).  

On the other hand, Arns (2002) claims that the Bowman’s classification can include 
many different parts of a Virtual Reality (VR) system which applied for virtual travel 
methods. It covers information from display and interaction devices to travel tasks, 
translation and rotation (Arns 2002). Dachselt & Hinz (2005) offered a taxonomy of 
3D widget solutions by utilization intention or interaction purpose such as 3D object 
direct interaction, 3D scene manipulation, visualization and exploration (Dachselt & 
Hinz 2005). Teyseyre & Campo (2009) also describe several visualization aspects 
providing 3D representation overview for software visualization (Teyseyre & Campo 
2009).  
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Finally, Zohra et al. (2010) proposed a 3D VDM classification consists of: visual 
representations, interactions and Data Mining Tasks together with a survey of visual 
representations and interactions. Most of recent works do not consider virtual reality 
(VR) interaction metaphors and techniques (Zohra et al. 2010). Also, there is no any 
attempt on classification of researches about 3D Visualization Technique and its 
characteristics.  

 

1.2 3D Visual Data Mining using an informatics perspective 

As mentioned above, the volume of data generation is getting higher and higher. By 
increasing the volume of data, analysis and exploration of it becomes more and more 
difficult. In this situation the role of Information visualization and Visual Data Mining 
is significant.  

Informatics deals with gathering, processing, storing and retrieving, classification and 
also transferring information by use of different methods (Boonstra et al. 2004). 

Visual Data Mining is a type of information system which collects the information, 
analyze and present it for the user in order to discover pattern or relation between 
them. The major specification of Visual Data Mining is the user involvement in the 
process of data mining. Information techniques are used to provide visual 
representation of information and discover their relations. A large number of 
visualization techniques developed in last decade to support high volume data, 
analysis and exploration of them (D.A. Keim 2002). 

The focus of this research is on 3D Visualization technique and its evolutionary trend 
to be applicable to almost any problem in this filed. This research is about the 
characteristics of this technique in case of advantages and disadvantages as well as its 
limitations and also combination of this technique with other techniques to overcome 
the limitations as well as providing new features and it is consequently highly relevant 
to the scientific field of informatics. This research also provides a novel resource of 
3D Visual Data Mining technique for every researcher or business user of this 
technique.    

1.3 Previous research within the area  

Several different attempts have been considered the 3D Visual Data Mining 
technique. It is a long time that 3D visualization technique used to present the results 
of data mining, and researchers encouraged to analyze this technique in their studies. 
Some of these studies discussed about the advantages of this technique in a specific 
area (Marroquin et al. 2009) and some other considered its disadvantages (Watanabe 
et al. 2008). These mentioned researches are in different areas from healthcare, 
environmental studies and web data mining to ecommerce and give important 
theoretical contributions to this study. There are also some researches which consider 
the limitations of this technique in a specific field and provide solutions for it 
(Couturier et al. 2008) and (Li Yang 2003). There are some other contributions in 
different aspects such as data, environment of data, data transformation, user interface 
and interactions, visualization algorithms, 3D Scene manipulation, representation and 
exploration as well as data mining tasks. 
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Still there is no any attempt to classify the previous studies in this field from the view 
of 3D visualization technique’s characteristics (advantages and disadvantages) as well 
as its limitations and solutions for the limitations.   

Moreover, to overcome the limitations of 3D Visual Data Mining and in response to 
demands of increasing mass of information and interact with multi-dimensional 
databases to extract proper knowledge, several combination of 3D visual 
representations (Hybrid Techniques) addressed by researchers. But as well they 
considered one specific problem. Hence, there is no any attempt to gather all these 
hybrid techniques and provide them all together as a reference for academic 
researchers as well as different users of Visual Data Mining Techniques.  

1.4 Research Questions  

From the previous section the following research question will imply: 

What are the specifications of 3D visualization Technique and its combinations? 

To illuminate this question, the following sub-questions will be addressed: 

1) What are the Advantages and Disadvantages of 3D Visualization Technique?  
2) How to overcome the limitations of 3D Visualization Techniques?  
3) Which potential integrated techniques (Hybrid Techniques) can overcome the 

3D Visualization limitations or add new features to it? 

The first sub-question will provide the specification of 3D Visualization Technique 
whereas the second sub-question will focus on the limitations of 3D visualization 
Technique and solutions to overcome it. In addition to Hybrid techniques that provide 
solutions to overcome limitations of 3D Visualization technique, new combinations 
with new features will provide to address the third sub-question. 

All sub-questions are carried out in “Theoretical Research Results” (Chapter 4) as 
well as in “Analysis” (chapter 6).  

1.5 Research Purpose 

Data visualization techniques are widely applied in many different fields and getting 
more important. Some of these techniques like 3D and scatter-plots are getting more 
popular and applied in almost every field whereas other techniques like Hyperslice are 
getting less popular. The purpose of this study focuses on 3D visualization technique 
to explore its characteristics in terms of advantages, disadvantages and limitations in 
order to use as a complete resource for future studies and applications. Also 
exploration of solutions for the limitation of this technique reveals the new 
combination with other techniques (3D Hybrid techniques), which will provide a 
deeper understanding of it. Furthermore by exploring all possible combinations 
(Hybrid) from previous studies and also survey from the experts, will results in 
solutions for new problems as well as facilitating current works by providing new 
features to this technique. Therefore the result of this study will be a complete 
resource for 3D visualization Technique and its combinations (Hybrid techniques) for 
researchers as well as the users of Visual Data Mining Techniques.   
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1.6 Delimitations  

As you can see in chapter 1.3, a number of different areas can give significant 
contribution to this research. These areas can refer to scientific areas such as data and 
its transformations, visualization algorithms, user interface and interactions, 3D scene 
manipulation, representations and exploration and Data Mining Tasks. So it is clear to 
have certain delimitations.    

This research focuses on the studies on 3D visualization characteristics and classified 
previous studies based on the advantages, disadvantages and limitations of this 
technique in different fields from informatics, healthcare, communication and 
education, environmental studies, astronomy and commerce. 

For reliable results of empirical survey, participants limited to expert people from 
industry and academia with at least 3 years of experiences in Visual Data Mining as 
well as 3D visualization technique.   

1.7 Target Groups  

This study considers the characteristics of 3D Visualization Technique, so it will help 
different categories of people which are working in Visual Data Mining area. I can 
divide my target beneficiaries in two main categories.  

a. Academics 

In academic area researchers who want to study 3D Visualization, can get help from 
the result of this study. This research and its result will help them as a foundation.  

b. Professionals  

It would be more interesting even for the expert people to have almost all studies on 
3D visualization Technique, gathered in one research and classified. Especially one of 
experts who invited for doing the survey, ask for the results: “I am interested to see 
the results as soon as possible”. 

1.8 Expected Outcome 

As mentioned before, the main contribution of this study would be the analysis of 
previous studies in order to classify them, focusing on 3D Visualization technique. 
The second contribution is the comprehensive specifications of 3D visualization 
technique, gathered and classified in one research, which has not been done before. 
The third contribution is the result of empirical survey which focuses on utilization of 
this technique and its combination in business and industry and will also verify the 
results of theoretical part. Consequently, this will results in a complete resource for 
3D visualization Technique and its combinations (Hybrid techniques) for researchers 
as well as the users of Visual Data Mining Techniques.  

1.9 Author's Background and Experiences 

My experiences in this field is limited to the various resources such as academic 
databases accessible from university databases, expert people from different 
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universities, research centers and companies and also some other professionals which 
I found and contacted with them via Linkedin. 

Also, I had some experiences in Data Mining and Business Intelligence, working with 
huge amount of data in financial and banking area which encouraged me more to 
follow this field and look for new technologies. 

1.10 Structure of the thesis 

This research is organized as follows. 

Chapter 1: Introduction 

The first chapter was an introduction about the problem area, research questions, and 
the research purpose. 

Chapter 2: Research Design 

The methods that are chosen for this study will describe. The research approach and 
research strategy as well as data collection and data analysis will describe; and at last 
the research quality assurance. 

Chapter 3: Theoretical study 

First I will describe different Visual Data Mining techniques and then by focusing on 
3D Visualization Technique, I will classify all the studies in this field and extract the 
Advantages, Disadvantages and limitation of this Technique from the literature and 
will classify them. 

Chapter 4: Theoretical Research Results  

The results of theoretical study provided in form of answer to the research question 
and its sub-questions.  

Chapter 5: Empirical study 

I will conduct a survey with expert people in this field and will analyze 3D 
Visualization from their point of view. 

Chapter 6: Analysis 

The combined analysis of chapter 4 and chapter 5 and summary of it will present. 

Chapter 7: Conclusion and final discussion 

Final summary and conclusion for this thesis, as well as methods and research process 
evaluation. 

The relationship between different parts of this study is modeled in Fig.1.1. The 
background part in Introduction chapter provides a basis for the research question and 
its sub-questions. These Background and Research Question parts influence the 
selection of an appropriate method in Research Design chapter. Selected method(s) 
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will give directives to theoretical study and empirical study. In theoretical study, all 
attempts on 3D visualization will gather, sort and analyze in order to classify. 
Classification will be according to the characteristics of 3D Visualization. The 
theoretical result is the result of classification and providing characteristics of this 
technique as well as combinations to overcome limitations of it. From the Empirical 
study the results of theoretical part will verify and also new hybrid techniques will 
present from the experts experiences. Both theoretical and empirical study results will 
be the input for analysis which will answer the research question. 
The conclusion and final discussion will reflect on the research question and its sub-
questions and will evaluate the research results and selected methods. 
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2 Research Design 
The aim of this chapter is to explain the methods that I used in this research. I will 
describe the epistemological base of this study to represent the scientific approach as 
well as methods for data collection, data analysis, evaluation of research and 
providing results.  

2.1 Knowledge strategy  

The knowledge contribution of every research depends upon the nature of that 
research. According to (Sharp et al. 2002) the nature of research is classified as 
below: 

• Pure theory –“developing theories to explain things without necessarily linking 
them to practice.”  (Dawson 2009, p.25). It can be a theory, based on an individual 
inductive reasoning. 

• Descriptive studies –review of an existing knowledge or theory and evaluation of 
it or description of a situation or event. This can be consists of description of state 
of the art, testing existing theories, or finding limits in previous generalizations. 

• Exploratory studies – exploration of a problem or a situation. It can help to look 
at problems from different views to approach new findings. It can be performed 
through literature study, interviews and open questions. Before narrowing down, 
you should start by exploring broad areas, concepts and ideas. This will continue 
iteratively to look for new information and ideas (Dawson 2009).  

• Explanatory studies – “explaining or clarifying something or some phenomena 
and identifying the relationships between things.” (Dawson 2009, p.25)  

• Causal studies – assessing the effects of dependent variables on one or more 
independent variables. Also you can change the independent variables and 
monitor the results on dependent variables. In this study, you should aware of the 
extraneous factors and remove their influences on variables (Dawson 2009).  

• “Resolving a problem with a novel solution and/or improving something in one 
way or another.” (Dawson 2009, p.26) 

• “Developing or constructing something novel.” (Dawson 2009, p.26) 

  

The result of this study will be explorative knowledge consists of literature study and 
empirical survey. In this study, the characteristics of 3D Visualization Technique in 
different areas and applications will explore. This will continue iteratively to seek for 
new information in case of changes in this technique and its combinations for new 
problems. By conducting survey on expert people, I can assess the phenomena in a 
new light and can seek for new insights. In addition, it could be an explanatory study 
as it explains the characteristics of 3D Visualization Technique from previous studies 
as well as its relations to several problems and providing different hybrid techniques.   
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2.2 Scientific perspective 

2.2.1 Research Approach 

Positivism and Hermeneutic are two main scientific perspectives. 

A positivist forms deductive and inductive hypothesis and apply on independent 
observers to verify a reality (O’brien 1998). From this perspective, science is based on 
testable scientific knowledge and observation. Positivists prefer quantitative measures 
and numerical analysis. 

From Hermeneutic perspective, meaning created inter-subjectively. Hermeneutic 
perspective is in contrast to the empirical universe of assumed scientific realism. 
Alvesson and Sköldberg claims that, there is an alternation between the pre-
understanding and under-standing (Alvesson & Sköldberg 2009). It is a holistic theory 
which presents the whole picture instead of presenting broken segments and has an 
interpretive nature (Klein & Myers 1999). Constructivist ontology is used in this 
perspective and provides a whole understanding of research objectives explains and 
interprets it easier. Most importantly, it is very good in investigating people‘s 
perceptions and their experiences. 

There are different types of hermeneutics. The ‘pure hermeneutics’, is the most 
objectivist form of hermeneutics. It investigates the text or object in an objective 
manner. The other type is ‘postmodern hermeneutics’ where the idea of objective or 
true meaning to a text is denied very strongly. In this philosophy, the text is 
independent from the author and goes beyond the author and each reading is different. 
Here the facts define by conversational community and culture. There is another type 
of hermeneutics, between two mentioned types which is called ‘critical hermeneutics’. 
In this philosophy, facts are social, but all interpretations are not the same and some 
of them are better than the others. It also considers socioeconomic and political 
constraints. The subject of hermeneutics is widely broad and the text which should be 
interpreted can be a written text as well as an oral lecture or even gestures and facial 
expressions (Myers 2004).     

In my research, the Hermeneutic perspective applied. My research focused on 
theoretical findings, analysis and interpretation of written literature, and also the 
interpretation of the empirical outcomes. It contains tangible and intangible factors. 
From this point of view it is more appropriate to choose hermeneutics perspective due 
to its interpretive nature. 

The purpose of my research is to gather, analyze and classify previous studies on 3D 
Visual Data Mining and explain its features (Advantages, Disadvantages and 
limitations). As the aim of hermeneutics is to present the whole picture rather than the 
broken segments and provide comprehensive knowledge, completely fit in my 
research. Furthermore, the hermeneutics explain meaningful concepts by investigating 
people and their experiences as well as their perceptions which would apply in my 
survey. The outcomes can contain subjective component which motivate me to choose 
hermeneutic. 

2.2.2 Research strategy  
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To have a good research strategy, it is very important to define research purpose well, 
because it influences the research strategy. There are two type of study: explorative 
and evolutionary. 

In an explorative research the researcher looking for a new area which is unexplored. 
The researcher may look for creating a better understanding of that area, aiming at a 
method for further research or the feasibility of further research. We can see the 
importance of explorative studies, when the area is quite new and you can make new 
knowledge there. (Babbie 2007)  

In an evolutionary study the generation of results is step by step. In each step the 
research results are based on the previous step’s results. It will move forward to a 
composite result. (Dawson 2009) 

This research is quite explorative. I aimed to create a complete resource for 3D Visualization 
Technique from the view of characteristics and also finding new combination as well as 
providing a horizon for future researches. It can also consider as an evolutionary study as it 
can consider as a basis for hybrid techniques with 3D Visualization. 

2.3 Qualitative and Quantitative 

In Qualitative research (Cavana et al. 2001), emotional values such as beliefs, 
attitudes, behaviors, experiences and interactions captures by the researchers. The 
result will be non-numerical data.  

According to (Dawson 2009) the common qualitative research methods in the field of 
information science are action research, experiment, case study and survey. A short 
description of each method is provided as below: 

Action research  

Involves monitoring and documentation of an attempt in order for solving a problem 
or changing a situation (Herbert 1990). Sometimes it is about working on a specific 
project or organization by observing the participants to evaluate the results. It should 
be considered not to get lost in action instead of the aim of research like evaluation of 
an action. (Dawson 2009) 

Experiment 

Involves ‘investigation of causal relationships using tests controlled by yourself’  
(Dawson 2009, 26) . Because of less samples and ethical issues, the quasi 
experimental researches are necessary. We can use experiments for evaluation, 
development and problem-solving. 

Case study  

Involves deeply exploration of a problem, situation or one or more companies. It can 
be done directly by conducting an interview or observation or through the company 
documentations.  



 

- 11 - 
 

Case studies generate a huge amount of subjective data to clean, sort and analyze to 
extract accurate and meaningful results. The researcher’s influence on the results 
should be considered. (Dawson 2009) 

Survey  

It performed by a number of questionnaires or interviews. It involves gathering a huge 
amount of data from a population, in a cost effective way. Surveys in information 
science can assess the characteristics and attitudes of many different subjects from the 
quality of a method or technique to software users’ habits. You should also define 
your sample and its size as well as designing the questionnaire or the interviews. The 
sample population can be a set of persons or objects with at least one common 
characteristic.(Busha & Harter 1980)   

On the other hand, Quantitative research (Cavana et al. 2001) investigates in 
quantitative properties and events and their relationships. The result will be numerical 
data. Developing mathematical models are the main objective of this approach as well 
as theories and/or hypotheses referred to phenomena.  

Qualitative methods generate information in special cases, and hypotheses are only 
conclusions, but in Quantitative methods these hypotheses are verified and validated.  

In this study, quantitative and qualitative approaches are used together. It will provide 
different types of data as result set. 

For the classification of previous studies in this field and data organization as well as 
defining the advantages and disadvantages, the qualitative approaches applied. This 
qualitative method will be a text analysis on previous studies, exploration of 3D 
visualization technique to extract its characteristics (advantages and disadvantages) 
and limitations. Likewise, for the empirical survey with experts, the statistical results 
were used to describe the results. At last, for final discussion and providing final 
results, the qualitative method is appropriate. 

2.4 Deductive and Inductive 

In Deductive research, the approach is from general to specific issues, which is called 
"top-down" method. First, it can start with a theory about the topic. Then this theory 
will drill down to some hypotheses to test them. We can also drill more deeply to find 
observations for supporting or contradicting the hypotheses. This specific testing of 
hypotheses called “confirmation”.(Trochim 2006) 

 
Fig 2. 1Deductive Research (Trochim 2006) 
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On the Other hand, the Inductive research works bottom-up, from specific issues to 
the general issues and theories. Here we start with some specific measures and 
observations. Then we extract the patterns and regularities, define some practical 
hypotheses and at last we provide some theories or general conclusions. (Trochim 
2006) 

 

 
Fig 2. 2 Inductive Research (Trochim 2006) 

 
In this research I employ deductive as well as inductive components. As I mentioned 
before in my research plan, the first part is literature review to get the background 
knowledge, then classification of previous studies. Previous theories are used to 
collect, analyze and classify studies in this field. The focus of data collection is on 3D 
visualization technique, find its characteristics and confirm that it needs to combine 
with other techniques to overcome different limitations in different problems, by 
gathering all researches on 3D visualization and its combinations. The result of 
theoretical studies will verify by the empirical survey. However, in empirical study, I 
tried to gather new combinations in response to the limitations as well as providing 
new features to 3D visualization technique. For a deeper understanding, the result of 
theoretical and empirical studies, will synthesis inductively. The final results will 
illuminate the subject of Visual Data Mining from 3D visualization view for the users of this 
technique as well as current and future researchers. 

2.5 Research process 

To achieve my research purpose, I designed a research plan and defined all necessary 
processes. 

First I decided to choose my topic of interest, and after some studies and looking in 
different resources I found the topic of Visual Data Mining (3D Visualization), very 
interesting and challenging. 

Then I reviewed previous studies in this field and classified them in order to extract 
the characteristics of this technique as well as solutions for its limitations, which have 
not been done before. After that, to verify the theoretical results and add industrial 
contribution and their experiences very well, I planned to conduct a survey with 
experts in industry as well as academic professionals. The questions tested by 
specialists and then reviewed to have accurate and reliable results. Different search 
engines and social networks used to find specialists and ask them to do the survey.  
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At the end I gathered the result data, analyzed and provided them in form of research 
which is an addition to theoretical study and has not been done before, as well.  

 

 
Fig 2. 3Research Process 

 
 
 

2.6 Data collection Procedure 

In this step, after defining the research purpose, I started to collect the necessary data, 
but before that, I should define how the data collection process should be performed. 
The collected data will result in answers to my research question. 

2.6.1 Different alternatives  

There are different methods that can apply to a qualitative study such as text analysis, 
interview, questionnaires and observations. The description of each method in relation 
to my study is provided as below:  

Text Analysis 

Researchers read and analyze texts and extract some characteristics in terms of data 
(Roberts 1997). It is possible to gather all findings up to the current date and create a 
concrete scientific foundation for your study. By use of this method, I will have the 
base scientific material for my research. Then I will extract and organize the 
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characteristics of 3D visualization technique from the analyzed and classified studies 
which will be a contribution for this technique. 

Interview 

Gather data from a group of people through some conversational communication. The 
result would be the interviewees’ believes, thoughts and experiences (Dawson 2009). 
It is possible to get answer to many detailed questions as well as going deeper to the 
subject and find more details out of it. On the other hand it is very time consuming 
and it is not always possible to find appropriate people to interview with them.    

Questionnaires 

With questionnaires, you have the possibility to obtain data from a large number of 
respondents in different subjects. It can be done in a group or individually. The main 
risk of this method is misunderstanding of the questions by different respondents, but 
it will reduce by well definition of questions (Dawson 2009). In this research I 
lowered this risk by providing the multiple answer questions instead of descriptive 
questions, and also the questions reviewed and corrected by two experts so as to lower 
the risk of misunderstanding and clarify the questions.  

Observation 

In this method the researcher analyze the events by watching and recording them 
inside the project or outside it (Dawson 2009). It is somehow uncertain and needs so 
many observations to provide a result out of it and it is better to use the experiences of 
professionals, as they did such observations during their experiences. 

 

2.6.2 Theoretical study: Text Analysis  

 

Literature sampling  

There are some valuable studies in classification of Visual Data Mining which they 
discuss about different techniques and then classified them from different points of 
view. In my study I use their results as an appropriate potential to achieve the goal of 
this study. Also I found some books but they were not relevant to my specific subject 
and I could not use them. 

I should mention that the selected studies are in different areas of study and they 
apply 3D visualization techniques in many different fields such as economy, finance, 
healthcare and environment. We can use some criteria for sampling the available 
studies in order to analyze them(Patton 2002). I used some criteria to collect all 
related resources for 3D Visualization Technique. When I am looking for the 
advantages and disadvantages of this technique, I will select the studies that consider 
these characteristics. I also used some cognitive authorities to see which papers are 
considered as a reference and more cited by different authors.  

Theoretical information search 
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The foundation of every research is a literature survey; I started to a literature survey 
which is comprised of literature search and literature review. 

To do the literature search, academic databases such as Google Scholar, Engineering 
Village and SCOPUS used for gathering related papers, then I sorted and digested 
them. After that, the answers to my research sub-questions presented in a way that the 
advantages and disadvantages as well as the limitations of the 3D Visualization 
Technique revealed in a classified manner (Groves et al. 2009). 

The main sources of my study are the paper of Visual Data Mining Techniques 
Written by Daniel Keim(Daniel A Keim et al. 2009) and the lecture of “Visualization 
Techniques in Data Mining” by (Lanzi 2001). 

After gathering all the papers in this field which was 36 papers, book and journals, I 
decided to classify them and extract the advantages and disadvantages of this 
technique as well as finding its limitations in order to provide hybrid solutions. 

The literature survey results do not cover all practical experiences of 3D Visualization 
Technique, and also I needed to verify the results of the literature study. Therefore I 
conducted a survey with technical experts. The goal of this survey that stated by 
Wohlin et al. is the necessity of further specific information on a specific subject 
which provided by expert people (Wohlin et al. 2003). 

For future improvement, the hybrid combination of techniques should be considered. 

2.6.3  Empirical study: Survey 
 
Sampling  

Your target audiences should relate to the subject of your study. In this study they are 
experts in the field of Visual Data Mining. There are two types of sampling: 
probability-based and non-probability-based. In probability sampling the researchers 
use random procedures in a large group of audiences to select the target audiences but 
in non probability sampling select the target group by use of judgment (Doherty 
1994). As it is very hard to find expert people in this area, I applied the non-
probability sampling. In such method I will be able to select highly expert people in 
this area. 

The Survey 

The empirical data collected through an on-line survey. After the literature review, a 
list of elaborated questions defined for this survey. Before providing the questions for 
the attendees, I reviewed and tested the questions with two specialists in this field: 
one of them is the member of “Data Mining, Statistics and Data Visualization” group 
on Linkedin.com and the other one is my friend Pezhman Kasraee who has some 
experiences in this field. 

2.7 Data Analysis Procedure 

The analysis is based on collected data from theoretical study and the survey. The aim 
of this analysis is to find the characteristics of 3D Visualization Technique and test 
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how it works in different problems and what are the necessary changes or 
combination with other techniques to be applicable to any problem.  

The final achievement of this study will be the deeper insight into 3D visualization 
Technique and how it serves the Data Mining, as well as a complete resource for 
Hybrid techniques in combination with the 3D visualization technique. Resources for 
this study are literature, expert’s knowledge as well as the researcher’s own opinion. 

2.7.1 Data Analysis Methods 

In order to provide quantitative results, multiple-answer questions used. The results 
presented in comparative charts to define the applicability and popularity of each 
technique, and their combinations with 3D Visualization Technique; and at the end 
providing the qualitative analysis based on the quantitative results in order to offer 
new changes or combinations with 3D Visual Data Mining Technique. 

2.8 Presentation method and reference technique 

The results of this study will be presented in form of tables, diagrams and descriptions 
to provide better understanding. The references are arranged based on Harvard 
system. In order to refer to more than one reference, they present alphabetically. For 
referencing just one sentence, the reference will placed before that sentence, but if it concerns 
more than one sentence or a whole section, the reference placed at the end of section. To refer 
the small portion of a sentence, the reference will placed right after that part. For long 
quotations, tabulation and small fonts used, whereas the short quotes defined by quotation 
mark. 

2.9 Strategies for validating findings 

Evaluation is the most important part of a research. Considering the characters of this 
research, validity and reliability are the main concepts that should be evaluated. 

Theoretical findings can apply in many aspects and in many different ways. The first 
part of this research is mainly theoretical and extracting previous findings from the 
literature. As well the results of the survey will create my empirical part of study 
which will be the complementary part to the theoretical findings. In other words, the 
empirical part is a support for the theoretical part and in return the theoretical part 
provides the scientific background for empirical study. 

2.9.1  Validity 
In hermeneutic researches validity is the major challenge. As my research is a 
hermeneutics one, it is very important to prove its validity. In case of validity, all 
findings should be as they expected to be (Saunders et al. 2009). There are two types 
of validity: internal validity and external validity. 

In terms of internal validity, I used the same survey for the whole sample, which 
pretested and reviewed. All subjects participated without any repetition and the 
questionnaire was short enough (only eight questions) to prevent boredom to 
influence their responses. 

The potential threat of this research is the generalization of the results. Although the 
sample was quite representative in case of the population, the size of population is not 



 

- 17 - 
 

enough to obtain consistent results. However, by similar responses, I can consider 
some important patterns and trends in the thoughts of the subjects are appreciative. 

2.9.2  Reliability 

Reliability is to make sure that the data collection and analysis will leads to consistent 
results or not. The measures can repeat in other occasions or not? Other observers can 
observe similar observations or not? (Saunders et al. 2009).  

In this research, the papers and books collected from scientific databases and the 
attendees of survey are professional people in this field. The final results cover 
different aspects of this research. Reliability of this research, in my opinion, is 
presenting the results of survey in the way that all attendees’ opinion covers. My 
findings in this research guarantee the best possible reliability. 

2.9.3  Ethic issue 

Survey requires ethical considerations. I only focused on important ethical issues: 
informed consent and confidentiality. 

Informed consent: it means all attendees agree to attend this survey, and have a 
sufficient knowledge in the subject and purpose of the research.  

Confidentiality: survey should be confident enough about the personal information 
of the attendees and not asking about their private specifications and information. The 
attendees look for a confidential treatment with their answers.  
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3 Theoretical study 

As an introduction to Visual Data Mining, different Visual Data Mining techniques 
will be described in this chapter.  

Before that I will provide a short history of Visual Data Mining, its current state and 
the trends of its evolution over time. I will also explain the process of the Visual Data 
Mining. To Achieve this goal different research papers, books and journals refer to 
this topic will use as my study references. This will result in a comprehensive and 
profound understanding of Visual Data Mining which will act as a lens to address the 
research question and its sub-questions of my study.  

3.1 Visual Data Mining techniques 

The main aspect of visual data mining is data visualization which is the graphical 
representation of information. Data visualization lies in the intersection of 
communication, information science and design. The main advantage of data 
visualization is not making data more beautiful, but it provides insight into complex 
datasets by communicating their key aspects in more intuitive ways (Daniel A Keim 
et al. 2009).  

Simple forms of data visualization have been around for a long time. These include 
graphs, charts and maps. These forms of data visualization are small-scale 
visualization tools and appropriate for small datasets (Daniel A Keim et al. 2009). 

From 1990, by evolution of computer technology aligned with the expansion of data, 
the visualization techniques have been evolved as well. These results in visual data 
mining techniques which applied on multi-dimensional datasets. According to (Daniel 
A Keim et al. 2009) these techniques classified by three main criteria: Data Types, 
Visualization Techniques and Interaction Techniques, shown in fig.3.1.    

 

Fig. 3. 1Classification of Visual Data Mining Techniques  (Daniel A Keim et al. 2009) 
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The three dimensions of classification are orthogonal, which means that we can use 
any of the visualization techniques in conjunction with any interaction techniques to 
visualize any of the data types. Also the combination of techniques on different data 
types is possible. 

3.1.1 DATA Types: 

In visual data mining data is a huge number of records which consists of different 
dimensions. Each dimension represents a variable of an observation or transaction like 
trade transactions and customer properties. The number of parameters varies from one 
dataset to another which calls the dimensionality of dataset. As an example, in an 
exchange system we face to four parameters (source currency, exchange currency, 
exchange rate and date), but in a customer management system there are lots of 
parameters that should be considered. Furthermore, data types could be more complex 
like graphs, maps and texts. From another point of view, data can present by arbitrary 
values in grid where the number of variables represent them as univariate or 
multivariate. (Daniel A Keim et al. 2009) 

a. One-Dimensional data 

The data that has one dimension. Temporal data is a simple example for this type of 
data which varies over time. (Daniel A Keim et al. 2009) 

b. Two-Dimensional data 

The data that has two distinct variables like two dimensional plots, maps or 
geographical data. (Daniel A Keim et al. 2009) 

c.  Multi-Dimensional data 

In real life we face to datasets that have move more parameters and we cannot present 
them on two or three dimensional plots. For example in relational tables where 
mapping of different parameters into two-dimensional graphs looks impossible, the 
new visualization techniques are used.  A famous and highly used technique is 3D 
Visualization. I will describe this technique further in this chapter. (Daniel A Keim et 
al. 2009) 

d. Text and Hyper-text 

Except to dimensional data, there are other types of data which highly used like text 
and hyper-text in web pages. As these data is different from numbers and figures, 
there is no standard visualization technique for them, and need to transform into 
description vector, before visualization. Counting text words is an example of simple 
transformation (Daniel A Keim et al. 2009). 

e. Hierarchies and Graphs 

Sometimes, data is consists of related information which are hierarchical ordered or 
arbitrary networks. Graphs are used for such data types. As you know, the graphs are 
consists of nodes and links. For example, hyperlinks in a web site, shopping 
interrelation between people or connection between cities can represent by graphs. 
There are different techniques to visualize graphical data. (Daniel A Keim et al. 2009)   
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f. Algorithms and Software 

The last type if data which is different from previous types are algorithms and 
software. The aim of these data types is to visualize the large scale software 
applications in order to develop, maintenance and support these applications. This 
will result in better understanding of codes and ease of debugging. (Daniel A Keim et 
al. 2009) 

3.1.2 Types of visualization    

I. Geometrically Transformed Displays 

a. Scatter Plot Matrices 

Scatter plot matrices consist of a grid of two-dimensional scatter plots (Andrews 
1972) (Cleveland 1993), and is used to extend this technique to higher dimensions. 
With these matrices we can visualize each dimension of the data against every other 
dimension. This is particularly useful when looking for correlations between 
dimensions. 

 

Fig. 3. 2 Scatter Plot (Lanzi 2001) 
 

b. Projection Pursuit 
Projection pursuit techniques attempt to find the most interesting projection among 
the possible projections in multi-dimensional data (Friedman & Tukey 1974). A 
projection is a reduction of the dimensionality of the dataset. The reason is because 
those projections help to identify unknown properties and patterns among the data and 
the fact is that these data is usually sparse in the multi-dimensional space (Huber 
1985). 

c. Prosecution Views 
Prosections are the combination of projections and sections (Furnas & Buja 1994), 
two common techniques based on dimension reduction for visual examination of 
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multi-dimensional data. While the first one has already been explained above, the 
second one consists on taking slices of the dataset. This combination overcomes the 
limitations of both techniques (Furnas & Bederson 1995) (Spence et al. 1995).  

d. HyperSlice 
The Hyperslice method is based on the representation of multi-dimensional function 
as a matrix of orthogonal two-dimensional slices (van Wijk & van Liere 1993). This 
reduces the rendering complexity since the user interacts with only two dimensions at 
a time. For the same reason, visual interpretation is eased. 

 
Fig. 3. 3 HyperSlice (Lanzi 2001) 

 
e. Parallel Coordinates  

In this technique the parameters are assigned to parallel axes which are vertically 
aligned. In this technique, each poly-line represents point in Cartesian coordinates and 
has the ability to visualize the data that is occluded in a specific coordinates (Lanzi 
2001).  
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Fig. 3. 4 Parallel Coordinates  (Lanzi 2001) 

 
II. Iconic Displays  

The iconic display methods map the values of the attributes of multi-dimensional data 
to the features of an icon (Pickett & Grinstein 1988). Those icons can be almost any 
shape, from stars to faces, and some data attributes can be mapped to their position as 
well. As result, texture patterns are visualized, which vary according to the 
characteristics of the data. In such techniques the aim is the relationship among data 
and very useful to detect patterns. However the coordinates are not important (Lanzi 
2001). 

a. Email (SeeNet) 

 

Fig. 3. 5 Email (SeeNet) (Lanzi 2001) 
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b. 3D Graphs 

Objects can show very clearly from different points of view like Hypertexts-Narcissus 
(Lanzi 2001). 

 

Fig. 3. 6 Hypertext-Narcissus (Lanzi 2001) 
 

III. Dense pixel displays 

The dense pixel display techniques use position in two dimensions and color to 
encode data (D.A. Keim 2000). Using different arrangements, the resulting 
visualization provides detailed information on local correlations, dependencies, and 
hot spots. 

a. Simple arrangement line-by-line 

 

Fig. 3. 7 Simple arrangement line-by-line (Lanzi 2001) 
 

b. Spiral 



 

- 24 - 
 

 

Fig. 3. 8 Spiral  (Lanzi 2001) 
 

c. Circle segments 

 
Fig. 3. 9 Circle Segments  (Lanzi 2001) 
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IV. Stacked displays 

Stacked display methods partition the data and build a hierarchy by means of specific 
dimensions of these data (LeBlanc et al. 1990). Stacked display techniques use an 
approach similar to that of three-dimensional graphics, which project the three-
dimensional object onto a two-dimensional viewing surface. 

a. Treemap 

Hierarchical visualization of quantitative data represent in files. Some applications of 
this technique are financial analysis and bioinformatics. In this technique as you can 
see in Fig. 3.10, screen display area divided into rectangles where each rectangle 
represents an attribute of dataset (Lanzi 2001). 

 

Fig. 3. 10 Treemap (Lanzi 2001) 
  

b. Cone Trees (3D Trees) 

It is a very helpful technique to represent the hierarchical structures of data. In this 
technique the information will be more visible. 
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Fig. 3. 11 File system structure as Cone Tree (Lanzi 2001) 
 

3.1.3 Interactive methods 

a. Dynamic projection 

Dynamic projection is a technique that, as its name suggests, dynamically changes the 
projections of a multi-dimensional dataset. These projections are dimensional 
reductions of the data, which allows focusing on a subset of dimensions  (Daniel A 
Keim et al. 2009).  

b. Interactive filtering 
Interactive filtering is based on selection and view enhancement. It allows dividing 
the dataset into segments, in order to focus on specific subsets  (Daniel A Keim et al. 
2009). 

c. Zooming 
Large datasets are usually displayed as an overview because of their size, losing 
potential information. Zooming is meant to display more accurately the requested 
subsets of the data, giving different levels of detail  (Daniel A Keim et al. 2009). 

d. Distortion 
The distortion technique modifies the view by increasing the level of detail of a 
portion of the data and lowering the level of detail of other portions. That is, accuracy 
is omitted in certain regions to achieve an improved view of those attracting our 
attention  (Daniel A Keim et al. 2009). 

e. Brushing 
Brushing is a method for interactively selecting data, for example by filtering them. It 
is usually combined with linking, which expands the selection to other views of the 
same dataset, easing the identification of specific segments of data  (Daniel A Keim et 
al. 2009). 

 
3.2 3D Visualization 
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As I mentioned before, the aim of this research is to analyze the previous studies on 
3D Visualization technique as a common technique of Visual Data Mining (VDM).  

Represent the 3D space (length, width and height) on 2D surface such as paper or 
screen. 3D visual represents by visual effects such as perspective, shadow and lights.  

Generally speaking, 3D visualization techniques are still abstract and need some extra 
knowledge to work with them, because they are for specific purposes. These abstract 
representations are categorized in 3 groups: graphs, trees and geometrical shapes. 

3.2.1 Graphs 

As you can see in Fig. 3.12, a graph is made of nodes and arcs. Each node represents 
an entity and each arc represents the relationship between two nodes (Herman et al. 
2000). First it used in 2D space to represent the relationship between entities, but after 
some studies it turned out that the 3D representation increase the stereoscopic and 
motion depth cues of 2D by a factor of 3 (Ware & Franck 1996). 

The properties of nodes and links are provided by data parameters. Data elements also 
affect the nodes size and color as well as link strength and elasticity (Osawa et al. 
2002).  

 

 
Fig. 3. 12 An example of graph representations: Source code Ougi ((Osawa et al. 2002)) 

3.2.2 3D trees 

A tree is an appropriate representation object to show the hierarchical organization of 
data and its relationships. As well in this technique, we can represent more entities 
than 2D. There are two famous methods for 3D tree representation: space-filling and 
node-link. The space-filling is mainly focus on nodes and their attributes, instead of 
the tree topology (Van Ham & van Wijk 2003).       

On the other hand the Node-Link method is less common because of inefficient 
utilization of screen space, and you need to scroll pages to see the results. The well 
known node-link representation is Cone Tree which introduced before in this chapter. 
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Fig. 3. 13 An example of trees representing ontology classification: SUMO ((Buntain 2008)) 
 

3.2.3 Geometric shapes 

To represent data and knowledge, special 3D objects are used which has some 
specific attributes. One of the most common techniques in this group is 3D scatter-
plot visualization (combination of 3D and scatter-plot) (Nagel et al. 2008). Instead of 
pixels in 2D representation, voxels are used in 3D rendering. The major problem of 
this technique is facing large and noisy datasets. In such situations, it is very hard to 
detect any structure (Zohra et al. 2010).  
 

 

Fig. 3. 14 Different 3D scatter plot representations: (a) VRMiner (Azzag et al. 2005), (b) 3DVDM 
(Nagel et al. 2008), (c) DIVE-ON (Ammoura et al. 2001), (d) visualization with augmented reality 

(Meiguins et al. 2006) 
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In 3D visualization, we should also consider Virtual Reality techniques which helps 
users in a Virtual Environment influence more by 3D perceptions (Zohra et al. 2010). 

3.3 Classification 

In this section, one of the main aims of this research which is classification of 
previous studies will be addressed. The result of this section would be the theoretical 
contribution of this study. In addition, it will provide a better understanding with 
simple access to previous studies in a concise way.  
 

3.3.1 Pre-processing (Literature Search) 
In this section, first I attempt to gather relative works via different means of research. 
To achieve this goal, I looked in different academic databases such as Google 
Scholar, Engineering Village and SCOPUS. By using different search techniques, I 
gathered all related papers and sort them according to relation to the subject which is 
available in Appendix1.  

3.3.2 Grouping Methods 

After gathering all related studies, it is necessary to categorize and sort according to 
their objectives, methods and contents. By considering objectives the following 
categorization will reveal. 

Out of 36 papers that I found in this field:  

• Nine papers are related to medical aspects from CT images to gene analysis,  

• Nine papers consider the environmental issues such as atmosphere and earth’s 
magnetic fields, 

• Two papers are about web data mining field, 

• Four papers compare different techniques,  

• Two of them are about combined methods with the 3D Visualization, 

• Two papers talk about data,  

• Two papers consider the environment of data like e-commerce,  

• The other six papers focused on VDM itself. 

This classification is ordered in Table 3.1. 

Index Author Objective Methods Year Cited 
1 Kawat et al. CT image classification principal axes and CT density 

distribution pattern and 3D 
curvature indexes 

2003 2 

2 Oellien et al. Speed up the drug discovery process With InfVis tool Data manipulation 
and identification of relationships 
and patterns.  

2005 9 

3 Ferey et al. Genomic database exploration graphical and interaction with zoom 
and detail 2005 5 
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4 Couturier et al. Optimizing occlusion problem Formalize, define conditions to limit 
occlusions and heuristics 2008 0 

5 Lee et al. GeneMine genome/proteome data mining  DNA Automated analysis, 
automated filtering, VDM interface, 
plug-in for new types, a hypertext 
system and an integrated database 
schema 

2001 49 

6 Rubel et al. 3D gene analysis Integrated visualization and analysis 
framework, clustering, evaluation 
and improvement 

2010 11 

7 Li Yang Feature-based retrieval of content-based  
images 

grand tour, Feature vectors and 
volume rendering using splatting 2003 0 

8 Sakai et al. vector field representation using 3D LIC  Feature expression and explore the 
feature of vector field such as vortex 2002 0 

9 Yilmaz et al. molecular data mining by user cooperation Molecular fragment mining, 
visualize 3D molecular data into 2D 
form, user assistance to determine 
active and inactive part of 
compound 

2008 2 

10 Watanab et al. An Interactive Visual Data Mining System 
for Atmospheric Science 

volume rendering by  ray-casting 
algorithm,  3D visualization with 
animation 

2008 2 

11 Daisuke et al. Analysis of time dependent change of 
magnetic field line's topology 

3D numerical simulation data 2009 0 

12 Marroquin et al. seismic faces analysis clustering analysis 2009 7 
13 Noirhomme-

Fraiture et al. 
Add sound dimension to VDM Triangulation method consists of 

automated sound pattern generation 
with evaluation. Evaluation: sound 
sequences assessment and 
evaluation analysis 

2008 0 

14 Jacquemin et al. hierarchical 3D analog to Disk Trees interactive exploration method 2006 2 
15 Eidenberger Visual data mining for distance space Tree-like graph 2004 6 
16 Gotzelmann et al.  Failure analysis 3D models 2007 3 
17 Chittaro et al. VDM for medical data Integration of 2D and 3D with 

interaction 2003 42 

18 Uemura et al. Visualization of seismic wave by volume 
rendering and applying it to Queryball 

Queryball model 2004 3 

19 Jern Web VDM VRML 1997 26 
20 Bohlem et al. Clickstream data analysis 3D data analysis based on density 

surface 2008 1 

21 Kukimoto et al facilitating the intellectual discovery and 
understanding of data 

collaborative virtual environment 
(CVE) and virtual 3D annotations 2005 5 

22 Jern Web tool for VDM VRML, review distributed 
component techniques 1997 26 

23 Said et al. 3D visualization comparison in a survey Classification and Comparison of 
3D techniques 2010 0 

24 Lucieer Visualization of hyperplanes for SVM 
classification 

Overlap assess, accuracy assess, 
uncertainty exploration  2007 0 

25 Yang Visual exploration with integrating VDM 
techniques 

cluster-guided tour, tetrahedral 
mapping method and 
multidimensional footprint splatting 

2003 8 

26 Ranathunga et al. Performance evaluation of combined 
methods 

Compacted Dither Pattern Code 
(CDPC) and Bhattacharyya 
classifier 

2011 1 

27 Nagel et al. non-linear data relationships detection Static and dynamic data 
visualization in virtual reality 2008 1 

28 Bohlen at al. Data visualization process perceptual and cognitive 
information visualization process  2003 10 

29 Hao et al Visualization of relationship in ecommerce integrate physics-based engine to 2001 14 

http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BMarroquin%2C+I.D.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BNoirhomme-Fraiture%2C+M.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BNoirhomme-Fraiture%2C+M.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
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transactions VDM, 3D cluster visualization and 
hidden structures to unclutter the 
display 

30 Wegman Affordable environment for 3D 
visualization 

CAVE 2000 11 

31 Wijayasekara et al.  Immersive Visual Data Mining Using 3D 
Self-Organizing Maps 

CAVE-SOM 2011 0 

32 Delizy et al. VDM by monotone Boolean functions monotone structural relations 
between Boolean vectors and their 
3D visualization as Boolean 
vectors’ chain 

2003 0 

33 Kopanakis et al. Interpreting VDM outcomes a new 3D VDM for classification 
outcomes and association rules 2005 2 

34 Chakraborty Cluster analysis 3D CAD databases  single scan 
clustering  2005 10 

35 Smith and 
Khotanzad 

Quality measurement of VDM extract texture, 3D segmentation, 
color and feature extraction   2007 2 

36 Fuertes et al. Supervision and fault detection in industrial 
processes 

Self-organizing map and  residual 
computation 2010 9 

Table 3. 1 Literature Classification 
 

To achieve the goal of this research and answer the research question, I categorized 
these papers according to consideration to the characteristics of 3D visualization 
Techniques which consists of Advantages, Disadvantages and limitations, in a 
classified manner (Groves et al. 2009). 

3.3.3 Classification Results 

Selected papers which considered the characteristics of 3D visualization technique 
will collect and sort based on the characteristics that they discussed. After that, the 
new selected groups which are classified according to the characteristics and provided 
in Table 3.2 will analyze and classify according to the specific characteristic. 

The result of analyzed papers is classified in Table 3.2. 

Characteristics Classification 

Advantages 

 
• VDM provide more visible details and makes the result more natural 

(Marroquin et al. 2009). 
 
• Web visualization with providing virtual reality and 3D maps  (Jern 1997).  

 

• Integration with data warehouse, multi-dimensional abstract and geospatial data 
models (Jern 1997). 

 
• VDM is more beneficial with numerical data (Delizy & Kovalerchuk 2003). 

 

Disadvantages 

 
• It has some problems to become wide spread, because most of the established 

ways are developed for 2D dimensions of a 3D grid which is temporal and 
transitional (Watanabe et al. 2008).  

• Most of the scientists are not familiar with 3D visualization methods such as 
volume visualization and 3D contour (Watanabe et al. 2008). 
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• VDM is less beneficial with binary data (Delizy & Kovalerchuk 2003). 
 
 

Limitations 

 
• Overlapping between objects makes some of them partially truncated or unseen 

at all which is called occlusion problem (Couturier et al. 2008).  
 
Solution:  
Optimization and limitation of the occurrence of occlusion. Also providing 
different heuristics to present the axis-elements in different orders in order to 
reduce the frequency of occlusion (Couturier et al. 2008).  
 
 
• Data high dimensionality (Li Yang 2003), 
• Large number of relational records in databases  (Li Yang 2003). 

 
Solution:  
Combining the two techniques of volume rendering and grand tour (Li Yang 
2003). 
 
• Visualization of clustered data (Rubel et al. 2010). 

 
Solution:  
Integrating of clusters and visualize them into one framework (Rubel et al. 2010).  
 

Table 3. 2Advantages, Disadvantages and Limitations of 3D Visualization, based on literature 

 As a result of the solutions for limitation we have the combined Techniques (Hybrid) 
with 3D Visualization Technique. These techniques generated to overcome the 
limitation of this technique. Further to it, there are some other Hybrid techniques 
which provide new facilities, like the combination of 3D visualization with scatter 
plot as well as the interactive techniques: 

 
• 3D scatter-plots results are quite natural and intuitive, because each data displayed 

as it is (Nagel et al. 2008). 

• With Dynamic projection in 3D visualization, you can change the projection of 
dataset in order to focus on a subset of data and analyze it well. 

• Interactive filtering allows the segmentation of dataset and focus on a specific 
segment in 3D view which provides more details, and facilitates the analysis. 

• Zooming is more helpful, especially when the data volume is very huge and it 
provides more accurate and detail views of data.  

• Distortion is also a powerful addition to 3D visualization which focuses on a 
portion of view and increases its detail.  

• Brushing, as well facilitate the data representation on a 3D view. Also it can 
combine with other techniques like linking and facilitate the identification of 
specific segment of data.  

Furthermore, the 3D Visualization Technique can combine with more than one 
technique to increase the accuracy and facilitate the representation of data. A good 
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example of this combination is provided by Haiku tool. It combines clustering, 
classification and association rules which represent the high dimensional data in a 
comprehensible and compact way. It also provides interactive facilities such as 
zooming, selecting, rotating and jumping to specific location (Zohra et al. 2010).       

All extracted combined techniques with 3D Visualization are provided in table 3.3. 

index 
Hybrid Technique New facility Overcome limitation Source 

1 volume rendering 
and grand tour 

 • Data high dimensionality  
• Large number of 

relational records in 
databases  

 

(Li Yang 2003) 

2 Clustering  • Visualization of 
clustered data 

(Rubel et al. 
2010) 

3 Scatter Plot Natural results  (Nagel et al. 
2008) 

4 Dynamic projection Analyze a 
subset of data  

 (Zohra et al. 
2010) 

5 Interactive Filtering Segmentation  (Zohra et al. 
2010) 

6 Zooming Detail view  (Zohra et al. 
2010) 

7 Distortion Focusing on 
Detail  

 (Zohra et al. 
2010) 

8 Brushing and 
linking 

Identification of 
segments 

 (Zohra et al. 
2010) 

9 clustering, 
classification and 
association rules 

Increase 
accuracy 

 (Zohra et al. 
2010) 

10 Selecting, rotating 
and jumping 

Focus on detail  (Zohra et al. 
2010) 

Table 3. 3 Hybrid techniques extracted from the literature 
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4 THEORETICAL RESEARCH RESULTS 
In this chapter I summarized the results of theoretical study in order to answer directly 
to the research sub-questions.  

In theoretical research I found the major characteristics of 3D visualization technique 
as well as classification of previous studies which will facilitate the access to such 
studies. The results are provided as below. 

Sun-question one: 

What are the Advantages and Disadvantages of 3D Visualization Technique?  
 
The advantages of 3D visualization technique which extracted from classified 
literature are as below: 

- More visible details with more natural results (Marroquin et al. 2009) 

- Web visualization, virtual reality and 3D maps (Jern 1997) 

- Integration with data warehouse, multi-dimensional abstract and 
geospatial data model   (Jern 1997) 

- More beneficial with representing numerical data (Delizy & Kovalerchuk 
2003) 

As well, the disadvantages of 3D visualization technique are as below: 

- Hard to become wide spread, as the established ways are developed for 
2D dimensions of a 3D grid which is temporal and transitional 
(Watanabe et al. 2008).  

- Less familiarity of scientist with 3D visualization methods such as 
volume visualization and 3D contour (Watanabe et al. 2008). 

- Less beneficial with representing binary data (Delizy & Kovalerchuk 2003). 
 

Sun-question two: 

How to overcome the limitations of 3D Visualization Techniques?  
 
In order to overcome the limitations which are: Overlapping (occlusion), Data 
high dimensionality, large number of relational records in databases and 
Visualization of clustered data, the following solutions offered in literature. 
Most of these solutions offer a combination of 3D Visualization technique 
with other visualization techniques.  
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- Optimize and limit the occlusion occurrence. Reduce the frequency of 
occlusion by providing different heuristics to present the axis-elements 
in different orders  (Couturier et al. 2008).  

- Using the combination of volume rendering and grand tour (Li Yang 
2003). 

- Integrating of clusters and visualize them into one framework (Rubel et 
al. 2010).  

 

Sun-question three: 

Which potential integrated techniques (Hybrid Techniques) can overcome the 
3D Visualization limitations or add new features to it? 
 
In order to overcome the limitation of 3D visualization technique, the 
following techniques offered by researchers: 

- Volume Rendering and Ground tour 

- Clustering 

Also, there are some other techniques which give more features and facilities 
to 3D visualization technique, by combining with it: 

- Scatter plot 

- Dynamic projection 

- Interactive Filtering 

- Zooming 

- Distortion 

- Brushing and linking 

- clustering, classification and association rules 

- Selecting, rotating and jumping 

The results of this literature study and classification does not cover the experiences of 
industry regarding 3D visualization. Also it needs to verify by real world experiences. 
Therefore I conduct a survey with the help of technical experts in order to verify the 
necessity of Hybrid techniques to overcome the current and future needs. The aim of 
survey which mentioned by Wohlin et al.(2003) is the necessity for more detail and 
special information on a special subject therefore it should asked from the experts 
(Wohlin et al. 2003). The conducted survey will describe in next chapter.  
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5 Empirical study (Survey) 

In previous chapter, I discussed about the several advantages, disadvantages and 
limitations of 3D Visualization Technique as well as hybrid techniques. It turned out 
that 3D visualization technique is not sufficient alone to visualize all data mining 
results and it is quite natural to change this technique or combine with other 
visualization techniques for the acceptable results. Also the interactive techniques can 
apply to improve the quality of results, facilitating the analysis and accelerating data 
access, especially for the huge amount of data which are clustered in different 
datasets. In order to verify the necessity of hybrid techniques and discover that which 
hybrid techniques are more common in real world, I conducted a survey by expert 
people in this field.  

The conducted survey is designed by use of Zoomerang, an on-line survey software 
and all participants can access it via: 

http://www.zoomerang.com/Survey/WEB22FVA6GD7N7 

In this survey 45 expert people, who had experiences with 3D Visualization 
Technique or even the derivations of it in their researches and work space, invited 
through email. This survey is consists of 8 questions about visualization techniques, 
interactive methods and the combinations of them. The goal of this survey is to find 
other common techniques which are used in business, their popularity and find the 
most appropriate techniques to combine with 3D Visualization Technique to make 
new Hybrid techniques. Also the sufficiency of Standard 3D Visualization Technique 
asked from the participants. Finally, the appropriate combinations of 3D Visualization 
Technique was proposed by the professionals. 

5.1 Participants 

For finding technical group of people, I looked for their communities in social 
networks such as Facebook and Linkedin. I found some interesting groups like: 
“visual data mining” on Facebook and “Data Mining, Statistics, and Data 
Visualization” and “Data Visualization, Mining and Analytics” on Linkedin. I shared 
the survey on these groups but people did not attend the survey. Then I looked for 
academic people as well as business people on the internet and the following groups 
found: 

• HP Laboratories in Haifa 

• HP Lab in Palo Alto  

• Computer Science Department of Kent State University, USA 

• Data Visualization Lab of Konstanz University, Germany 

• Visualization and Interaction Studio of Linköping University, Sweden 

• Computer Science Department of Tampere University, Finland 

 

http://www.zoomerang.com/Survey/WEB22FVA6GD7N7�
http://www.linkedin.com/groups?home=&gid=152247&trk=anet_ug_hm&goback=%2Enmp_*1_*1_*1_*1_*1_*1�
http://www.linkedin.com/groups?home=&gid=152247&trk=anet_ug_hm&goback=%2Enmp_*1_*1_*1_*1_*1_*1�
http://www.linkedin.com/groups?home=&gid=2439374&trk=anet_ug_hm�
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I contacted with all of these specialists via email and sent the survey link to them and 
asked them to do the survey. All invited people visited the survey link but only 25 
people completed the survey. In the group of participants, 15 of them has 3-5 years of 
experiences in this field, 7 persons 5-10 years of experiences and 3 of them with more 
than 10 years of experiences. It shows that, even with the small number of 
participants, the results would be acceptable and reliable as well.   

5.2 Survey Content 

This survey is consists of 8 questions which I will describe them.  

All the questions have been pre-tested and reviewed by two friends who I mentioned 
before in order to prevent misunderstanding of participants. Questions and their 
objectives are as below (You can find the questions with full detail in Appendix2): 

1) Personal information consists of (name, position and contact information)? 
 
This question is not mandatory but it would be helpful to contact the experts for 
further researches. However, most people are not interested in sharing such data in 
a survey because of their own privacy. 
 

2) Related Experiences? 
 
Level of experience of my sample population will reveal out of this question. 
 

3) What other Geometrically Transformed Displays techniques do you use? 
 
Discover other common visualization techniques. 
 

4) Did you use other types of visualization? 
 
Discover other types of visualization techniques which are popular. 
 

5) Did you use any Specific Visual Data Mining Techniques? 
 
Find the popularity of specific visual data mining techniques like Association 
Rules which is applied to find specific patterns and trends in transactional 
databases. 
 

6) Is the Standard 3D Visualization Technique (with traditional methods for 
representing) is sufficient for your works? 
 
Get the satisfaction of experts from the Standard 3D Visualization Technique and 
its sufficiency for their works. 
 

7) Which interactive methods are appropriate for 3D Visualization? 
 
 Find interactive methods which are appropriate for 3D visualization and help to 
improve the 3D Visualization. 
 

8) Which one of following techniques can mix with 3D Visualization? 
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Find complementary techniques which are experienced by the experts. 

5.3 Results 

In this section I will analyze the results of answer to each question. 
 
As the first question is not mandatory and has no any effect on this result, I skip that. 
 
2) Reveals that the all participants have sufficient level of experience. 
 
 

 
Fig. 5. 1 Experience level of survey participants 

3) Shows that the two common techniques: Scatter Plots Metrics and Parallel 
Coordinates are highly used. Project Pursuit is the next option in popularity and the 
Prosection Views in third position and Table lens and RadViz are on forth position of 
popularity. 

 
Fig. 5. 2Geographically transformed display techniques 
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4) In this question, the results shows that the Dense Pixel Displays is more common in 
business, the next place is for Iconic Displays and the last place for Stacked Displays. 

 

 
Fig. 5. 3 Other Type of Visualization Techniques 

 

5) In specific Visual Data Mining techniques, Clustering is highly used by experts; 
Classification takes the second position with 68% of users. Correlation and 
Association Rules have the third place with 28% of usage. 

 

 
Fig. 5. 4 Utilization of Specific Visual Data Mining Techniques 

 
6) It proves that the Standard 3D Visualization technique is not sufficient and we need 
to combine or change it according to the problem specifications. 

7) All Participants used Interactive Filtering and Brushing in their works (100% of 
utilization), Linking and Dynamic Projection have 76% of utilization and zooming 
has 52% of utilization and at the end Distortion with less utilization (28%).  
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Fig. 5. 5 Utilization of Interactive Methods 

 
8) For the Combined techniques with 3D Visualization which results in Hybrid 
Techniques for new problems, the more common combinations are as below: 
Classification, Clustering, Iconic Displays, Association Rules, Prosection Views, 
Dense Pixel Displays, Projection Pursuit, Stacked Displays, Scatter Plot Metrics, 
Hyperslice and Parallel Coordinate.  

 
Fig. 5. 6 Combination with other techniques (generating Hybrid Techniques) 

 
5.4 Summary of the survey result 

The results of survey show that this technique is quite popular and evolved by 
integrating to other techniques. Thus using the 3D Visualization method is not enough 
for today problems and we need to combine it with other techniques. This is more 
necessary in case of increasing the data volume and its complexity. As a result the 
new combined techniques will create in response to the new problems and users’ 
needs.  The most common Hybrid techniques in combination with 3D Visualization 
Technique are as below, accordingly: 

• Classification, 
• Clustering,  
• Iconic Displays,  
• Association Rules,  
• Prosection Views,  
• Dense Pixel Displays,  
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• Projection Pursuit,  
• Stacked Displays,  
• Scatter Plot Metrics,  
• Hyperslice 

5.5 Quality Assurance 

This survey invited the high experienced people in this field, therefore accurate results 
is expected. As I reviewed the questions with two friends and pre-tested on them, the 
threat of misunderstanding is very low. 

However, the less participants, decrease the validity and reliability, the qualification 
of participants lower this threat and supports the validity of results in a higher level. 
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6 Analysis  
The purpose of the analysis part is to address the advantages, disadvantages of 3D 
Visualization Technique as well as its limitations and solutions for the limitations. I 
will rearrange the collected data and generate the sufficient results and present them. 

In addition, the results of the theoretical and empirical parts will analyze and compare 
with each other. The similarities and differences of two parts will present and the final 
results will provide in a table.   

Sun-question one: 

What are the Advantages and Disadvantages of 3D Visualization Technique?  
 
In order to answer to the first sub-question, the classified studies analyzed and 
the papers which discussed about the advantages and disadvantages of 3D 
Visualization technique, selected, sorted and again analyzed to extract the 
advantages and disadvantages in a classified manner. These results are as 
below. 
Advantages: 
 

- Visible details with more natural results (Marroquin et al. 2009). 

- Web visualization, virtual reality and 3D maps (Jern 1997)  

- Integration with data warehouse, multi-dimensional abstract and 
geospatial data model (Jern 1997) 

- More beneficial with representing numerical data (Delizy & Kovalerchuk 
2003) 

Disadvantages: 

- Hard to become common, as the established ways are developed for 
2D dimensions of a 3D grid which is temporal and transitional 
(Watanabe et al. 2008).  

- Less familiarity of scientist with 3D visualization methods such as 
volume visualization and 3D contour (Watanabe et al. 2008). 

- Less beneficial with representing binary data  (Delizy & Kovalerchuk 
2003). 

 
From the literature study, we can conclude that the main disadvantages of the 3D 
visualization technique are that it is less popular and the users are not so familiar with 
it. On the other hand, from the empirical survey, especially from answer to the 4th 
question we can conclude that the standard 3D visualization technique is common 
between the expert people and they are familiar with it. The other types of 3D 
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visualization like graph and cone trees, which classified as Iconic Displays, after the 
Dense Pixel Displays, have the more popularity with at least 60 percent of utilization. 

Sun-question two: 

How to overcome the limitations of 3D Visualization Techniques?  
 
From the literature studies, the limitations are: Overlapping (occlusion), Data 
high dimensionality, large number of relational records in databases and 
Visualization of clustered data. 
To overcome the above mentioned limitations, following solutions provided in 
literature:  

- Optimize and limit the occlusion occurrence. Reduce the frequency of 
occlusion by providing different heuristics to present the axis-elements 
in different orders (Couturier et al. 2008).  

- Using the combination of volume rendering and grand tour (Li Yang 
2003). 

- Integrating of clusters and visualize them into one framework (Rubel et 
al. 2010).  

 

Most of the solutions that offered in literature are the combination of 3D Visualization 
technique with other visualization techniques.  

It is also verified in empirical survey that the Standard 3D Visualization technique is 
not sufficient and it is necessary to combine or change it according to the problem 
specifications. This conclusion is in response to the 6th question of survey. 

Sun-question three: 

Which potential integrated techniques (Hybrid Techniques) can overcome the 
3D Visualization limitations or add new features to it? 
 
In answer to this sub-question in literature, the hybrid methods classified 
according to: 
Solution for limitations: 

- Volume Rendering and Ground tour 

- Clustering 

Features and facilities added to 3D visualization technique: 

- Scatter Plot 

- Dynamic projection 
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- Interactive Filtering 

- Zooming 

- Distortion 

- Brushing and linking 

- clustering, classification and association rules 

- Selecting, rotating and jumping 

In response to this sub-question, both theoretical and empirical study provides a 
number of Hybrid techniques which used to overcome the limitations or benefits from 
the new features. The final list of Hybrid techniques are provided in Table 6.1. 

Index Hybrid Technique Provided from (Literature / Survey) 

1 Volume Rendering and Ground tour Literature 

2 Clustering Literature & Survey 

3 Scatter Plot Literature & Survey 

4 Dynamic projection Literature 

5 Interactive Filtering Literature 

6 Zooming Literature 

7 Distortion Literature 

8 Brushing and linking Literature 

9 clustering, classification and 
association rules Literature & Survey 

10 Selecting, rotating and jumping Literature 

11 Iconic Displays Survey 

12 Prosection Views Survey 
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13 Dense Pixel Displays Survey 

14 Projection Pursuit Survey 

15 Stacked Displays Survey 

16 Hyperslice Survey 

Table 6.1 Hybrid Techniques with 3D Visualization Technique 

Now we can answer the research question of this study, which is:   

What are the specifications of 3D visualization Technique and its combinations? 

The result of Table 6.1 combined with the answers to sub-question one and sub-
question two provide the answer to this research question and reveals that the 3D 
visualization Technique is a popular technique which evolves during the last decade 
by the evolution of data. This evolutionary trend continues and will reveals new 
Hybrid techniques for new expectations. 
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7 Conclusion and Final discussion 
In this chapter, I will summarize the results and provide the conclusions for this 
thesis. In addition, I will evaluate the methods and results. 

7.1 Conclusion 

Visual Data mining is an evolving filed and expanding fast, especially in recent years. 
Although some techniques aligned with the industry and changed according to the 
business needs, some other techniques were not successful in industry and lost their 
position. Still it is very hard to apply one technique to all problems and they are 
somehow problem oriented.     

Finding an appropriate technique to simplify the exploration of data and provide 
sufficient understanding and interaction with huge amount of data and multi-
dimensional datasets is more challenging and needs to review the previous studies in 
this field. 3D Visualization which is a powerful technique, studied in previous 
researches and their advantages revealed, as well as the disadvantages. Furthermore 
the appropriate solutions for new problems which impose necessary changes in this 
technique as well as integration with other techniques, extracted from the literature. 

Defining the current state continued by classification of previous studies. This 
resulted in theoretical contribution of my research by providing a better understanding 
as well as simple accessibility to previous researches, in a concise manner. This 
classification of previous studies simplified the extraction of the specifications of 3D 
visualization and provides them in a classified manner. 

At the end the complementary research, consist of a survey with Visual Data Mining 
specialists, revealed new integrated techniques to overcome the limitations of current 
3D visualization Technique as well as providing new features. The Hybrid techniques 
introduced in literature and also by the experts, addressed the third sub-question. 
These Hybrid techniques also illuminate the horizon to new hybrid techniques for new 
expectations.  

7.2 Implications for the subject area  

The research question of this study is about 3D visualization technique, its 
characteristics and combination with other techniques. As discussed in this thesis, the 
informatics techniques used to classify the previous studies on Visual Data Mining so 
as to create a comprehensive resource for 3D visualization, provide them all in one 
research for the expert users and researchers and make a basis for further researches in 
order to improve this technique.  

Two groups of people can benefit from this research: expert users and academic 
researchers. The first group, look at this research as a reference to find all characteristics 
and different hybrids in order to apply them in their works. On the other hand, the second 
group, look at this research as a base for further researches in order to offer new changes 
or combinations. 

Daily life of human is changing by information systems and visual data mining. The 
volume and complexity of data is increasing exponentially and visual data mining 
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techniques are changing accordingly. They learned from the experiences and improve 
their abilities and facilitate the activities for human. 

By development of information technology, Visual Data Mining Techniques will get 
more intelligent, reduce the limitations and provide more facilities for their users. 

7.3 Method evaluation 

In my research I used different literature to illuminate my three research sub-
questions. The text analysis and my summary of these techniques have identified the 
advantages and disadvantages of 3D Visualization Technique. I also showed how to 
overcome the limitations of 3D Visualization Techniques. 

 For the survey, I used illustration and empirical data to show that there is still need 
for changes and integrated techniques to overcome the limitation of 3D Visualization 
Technique. 

At last, I write down my research question and sub-questions, and then with the 
summarizing the advantages and disadvantages of 3D Visualization Technique as well 
as its limitations, I addressed the relevant answers to those sub-questions. With the 
results of survey I could verify the answers from literature and also provide new 
techniques for the last sub-question. A variety of methods can use for combination 
with 3D Visualization Technique which is dependent to that specific problem.  

7.4 Result evaluation 

I evaluate my research results based on three criteria:  

1. Discourse, 
2. Empirical verification  
3. Consistency 

From the discourse criterion which examines the arguments of the researcher I 
showed that my study uses several different perspectives to identify advantages and 
disadvantages of 3D Visualization technique from different subject areas, which lead 
to that a certain conclusion.  

From the empirical verification criterion which examines consistency between the 
theoretical part as and an empirical part, I have shown that through the empirical part 
I got an indication that the theory foundation of my arguments advantages and 
disadvantages of 3D Visualization technique is in correlation. 

From the criterion consistency which is important for hermeneutic studies, my study 
was based on theories from several different subjects. With summarizing all the 
context concern about using 3D Visualization technique, I joined all of the discussion 
about 3D Visualization technique into a whole and consistent part which leads the 
research to its conclusion. 

7.5 Result validity 



 

- 48 - 
 

In my research the text analysis has identified some general qualities (advantages) of 
3D Visualization Technique as well as its disadvantages and it cleared the important 
factors to consider creating a successful technique to combine the advantages and to 
address the disadvantages. 

Through my empirical research I have shown the validity of my results and I shown 
the practical usability of the result. The empirical research also indicates a consistent 
correspondence between the results and the theoretical part of the research. 

7.6 Ideas for continued research 

It would be interesting to see the results of this research in a more comprehensive 
empirical study that could apply the same methodology of this research. The 
comprehensive approach that has been applied in this research can include more 
observations. In this way we can enhance the experience of the activities in virtual 
communities.  

A more comprehensive study can also help to identify other possible integrated 
techniques (Hybrid Techniques) that can provide necessary features for new 
problems. Also it will reveal the new limitations of this technique in new problems 
and environments like virtual reality and gaming.  
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Appendix 1 
Unsorted list of related papers  
 
 

Index Author Objective Methods Year Cited 
1 Wijayasekara et al.  Immersive Visual Data Mining Using 3D 

Self-Organizing Maps 
CAVE-SOM 2011 0 

2 Watanab et al. An Interactive Visual Data Mining System 
for Atmospheric Science 

volume rendering by  ray-casting 
algorithm,  3D visualization with 
animation 

2008 2 

3 Daisuke et al. Analysis of time dependent change of 
magnetic field line's topology 

3D numerical simulation data 2009 0 

4 Marroquin et al. seismic faces analysis clustering analysis 2009 7 
5 Noirhomme-

Fraiture et al. 
Add sound dimension to VDM Triangulation method consists of 

automated sound pattern generation 
with evaluation. Evaluation: sound 
sequences assessment and 
evaluation analysis 

2008 0 

6 Nagel et al. non-linear data relationships detection Static and dynamic data 
visualization in virtual reality 2008 1 

7 Said et al. 3D visualization comparison in a survey Classification and Comparison of 
3D techniques 2010 0 

8 Jern Web VDM VRML 1997 26 
9 Kawat et al. CT image classification principal axes and CT density 

distribution pattern and 3D 
curvature indexes 

2003 2 

10 Jacquemin et al. hierarchical 3D analog to Disk Trees interactive exploration method 2006 2 
11 Bohlen at al. Data visualization process perceptual and cognitive 

information visualization process  2003 10 

12 Oellien et al. Speed up the drug discovery process With InfVis tool Data manipulation 
and identification of relationships 
and patterns.  

2005 9 

13 Delizy et al. VDM by monotone Boolean functions monotone structural relations 
between Boolean vectors and their 
3D visualization as Boolean 
vectors’ chain 

2003 0 

14 Kopanakis et al. Interpreting VDM outcomes a new 3D VDM for classification 
outcomes and association rules 2005 2 

15 Eidenberger Visual data mining for distance space Tree-like graph 2004 6 
16 Bohlem et al. Clickstream data analysis 3D data analysis based on density 

surface 2008 1 

17 Ferey et al. Genomic database exploration graphical and interaction with zoom 
and detail 2005 5 

18 Li Yang Visual exploration with integrating VDM 
techniques 

cluster-guided tour, tetrahedral 
mapping method and 
multidimensional footprint splatting 

2003 8 

19 Kukimoto et al facilitating the intellectual discovery and 
understanding of data 

collaborative virtual environment 
(CVE) and virtual 3D annotations 2005 5 

20 Couturier et al. Optimizing occlusion problem Formalize, define conditions to limit 
occlusions and heuristics 2008 0 

21 Gotzelmann et al.  Failure analysis 3D models 2007 3 
22 Wegman Affordable environment for 3D 

visualization 
CAVE 2000 11 

23 Chakraborty Cluster analysis 3D CAD databases  single scan 
clustering  2005 10 

24 Chittaro et al. VDM for medical data Integration of 2D and 3D with 
interaction 2003 42 

25 Jern Web tool for VDM VRML, review distributed 1997 26 

http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BMarroquin%2C+I.D.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BNoirhomme-Fraiture%2C+M.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7BNoirhomme-Fraiture%2C+M.%7D&section1=AU&database=3&yearselect=yearrange&sort=yr�
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component techniques 
26 Lee et al. GeneMine genome/proteome data mining  DNA Automated analysis, 

automated filtering, VDM interface, 
plug-in for new types, a hypertext 
system and an integrated database 
schema 

2001 49 

27 Rubel et al. 3D gene analysis Integrated visualization and analysis 
framework, clustering, evaluation 
and improvement 

2010 11 

28 Lucieer Visualization of hyperplanes for SVM 
classification 

Overlap assess, accuracy assess, 
uncertainty exploration  2007 0 

29 Yang Feature-based retrieval of content-based  
images 

grand tour, Feature vectors and 
volume rendering using splatting 2003 0 

30 Smith and 
Khotanzad 

Quality measurement of VDM extract texture, 3D segmentation, 
color and feature extraction   2007 2 

31 Unrelated     
32 Fuertes et al. Supervision and fault detection in industrial 

processes 
Self-organizing map and  residual 
computation 2010 9 

33 Sakai et al. vector field representation using 3D LIC  Feature expression and explore the 
feature of vector field such as vortex 2002 0 

34 Hao et al Visualization of relationship in ecommerce 
transactions 

integrate physics-based engine to 
VDM, 3D cluster visualization and 
hidden structures to unclutter the 
display 

2001 14 

35 Yilmaz et al. molecular data mining by user cooperation Molecular fragment mining, 
visualize 3D molecular data into 2D 
form, user assistance to determine 
active and inactive part of 
compound 

2008 2 

36 Uemura et al. Visualization of seismic wave by volume 
rendering and applying it to Queryball 

Queryball model 2004 3 

37 Ranathunga et al. Performance evaluation of combined 
methods 

Compacted Dither Pattern Code 
(CDPC) and Bhattacharyya 
classifier 

2011 1 
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Appendix 2 
Survey Questions are listed below: 
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University of Borås is a modern university in the city center. We give courses in business 
administration and informatics, library and information science, fashion and textiles, behavioral 
sciences and teacher education, engineering and health sciences. 
 
In the School of Business and IT (HIT), we have focused on the students' future needs. 
Therefore we have created programs in which employability is a key word. Subject integration 
and contextualization are other important concepts. The department has a closeness, both 
between students and teachers as well as between industry and education. 
 
Our courses in business administration give students the opportunity to learn more about 
different businesses and governments and how governance and organization of these activities 
take place. They may also learn about society development and organizations' adaptation to the 
outside world. They have the opportunity to improve their ability to analyze, develop and control 
activities, whether they want to engage in auditing, management or marketing.  
 
Among our IT courses, there's always something for those who want to design the future of IT-
based communications, analyze the needs and demands on organizations' information to design 
their content structures, integrating IT and business development, developing their ability to 
analyze and design business processes or focus on programming and development of good use of 
IT in enterprises and organizations. 
 
The research in the school is well recognized and oriented towards professionalism as well as 
design and development. The overall research profile is Business-IT-Services which combine 
knowledge and skills in informatics as well as in business administration. The research is 
profession-oriented, which is reflected in the research, in many cases conducted on action 
research-based grounds, with businesses and government organizations at local, national and 
international arenas. The research design and professional orientation is manifested also in 
InnovationLab, which is the department's and university's unit for research-supporting system 
development. 
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